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Abstract

Is agricultural productivity conducive to economic development? We develop a two-
country open-economy Schumpeterian growth model with endogenous takeoff. With agri-
cultural trade and a subsistence requirement, higher domestic agricultural productivity has
ambiguous effects on the economy’s takeoffand its transitional growth rate if domestic and
imported agricultural goods are substitutes. Without the subsistence requirement, higher
domestic agricultural productivity delays industrialization and lowers transitional growth
by increasing domestic demand for agricultural labor. This specialization force works in
the opposite direction of the change in domestic consumption pattern governed by the sub-
sistence requirement, which tends to release labor from agriculture. Without agricultural
trade, the specialization force is absent and the subsistence requirement on agricultural
consumption implies that higher domestic agricultural productivity reallocates labor from
agriculture to industry, hastening industrialization and raising transitional growth. Using
cross-country panel-data, we find that agricultural productivity has a direct positive ef-
fect on economic growth but this positive effect weakens and even becomes negative when
reliance on agricultural imports is suffi ciently high. Simulating the calibrated model, we
find that improvement in domestic agricultural productivity accounts for about one-third
of the changes in TFP growth in China and Japan, respectively, and more so for their
main trading partner, the US.
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1 Introduction

Is high agricultural productivity conducive to the industrial development of an economy? Early
studies by Nurkse (1953) and Schultz (1953) argue that an improvement in agricultural produc-
tivity hastens the process of industrialization because it reallocates labor from farm to factory
by changing the consumption pattern of households.1 Subsequent studies by Mokyr (1976),
Field (1978) and Wright (1979) argue that high agricultural productivity causes the economy
to specialize in agricultural production and thus delays industrialization because it reallocates
labor from factory to farm.2 Both of these theoretical predictions have received empirical sup-
port; see for example, Foster and Rosenzweig (2004, 2008) and Bustos et al. (2016, 2020). Thus
far, the literature has not been able to answer unambiguously our starting question because of
the tension between two forces: reallocation from farm to factory due the changing domestic
consumption pattern and reallocation from factory to farm due to the changing specialization
in international trade.
To make progress, in this study we develop an open-economy Schumpeterian growth model

with endogenous takeoffthat allows us to explore the different effects of agricultural productivity
on the entire transition, from pre-industrial stagnation to modern innovation-driven growth, of
economies engaged in international trade. In particular, the model has two countries, Home and
Foreign, that trade both industrial and agricultural goods. Trade is asymmetric, however, in
that Foreign does not import the Home agricultural good. Moreover, Home has a subsistence
requirement for consumption of its agricultural good whereas Foreign does not have such a
constraint. This realistic asymmetric structure allows us to capture cleanly the competition
between the two forces identified by the literature.3

Our main finding is that, if the elasticity of substitution between domestic and foreign
agricultural goods is less than one, higher Home agricultural productivity hastens Home indus-
trialization and raises its transitional growth rate while it delays Foreign industrialization and
lowers its transitional growth rate. On the other hand, higher Foreign agricultural productivity
delays Home industrialization and lowers its transitional growth rate while it hastens Foreign
industrialization and raises its transitional growth rate. When the elasticity of substitution
between domestic and foreign agricultural goods is greater than one instead, higher Home agri-
cultural productivity has ambiguous effects on Home while it hastens Foreign industrialization
and raises its transitional growth rate. The effects of higher Foreign agricultural productivity
are the opposite of those in the low elasticity of substitution case.
An important aspect of our analysis is that the economy’s steady-state growth rate is al-

ways independent of the level of agricultural productivity due to the scale-invariance of our
Schumpeterian growth model with endogenous market structure. This property highlights the
importance of considering the entire transition dynamics of our trading economies: to see the
growth effects of agricultural productivity, we must look at the transitional growth rate be-
cause the steady-state growth rate does not respond to factors that operate through the scale

1See Chu, Peretto and Wang (2022) for a recent study and a discussion of earlier studies in this literature.
2See Matsuyama (1992) for a theoretical formalization of this idea.
3For example, if we let Foreign be the US and Home be either China or Japan, as we do in our quantitative

analysis, this characterization is reasonable because the US imports a negligible amount of agricultural products
from China and Japan, while China and Japan are among the largest importers of US agricultural goods.
Similarly, ruling out the agricultural subsistence requirement is reasonable for a rich country like the US since
it no longer affects household behavior.
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of economic activity.
The mechanism driving the ambiguous results on industrialization and transitional growth is

the competition between the change in the Home consumption pattern, which is governed by the
subsistence requirement for its agricultural good and the change in the degree of specialization
due to international trade. The former always reallocates labor from farm to factory. The latter
reallocates labor in a direction that depends on whether domestic and foreign agricultural goods
are complements or substitutes. In the case where domestic and foreign agricultural goods
are complements, the demand for the agricultural good is inelastic. In this case, as Home
agricultural productivity rises and the price of its agricultural good falls, the quantity sold rises
less than one for one. In the case where domestic and foreign agricultural goods are substitutes,
the demand for the agricultural good is elastic. In this case, as Home agricultural productivity
rises and the price of its agricultural good falls, the quantity sold rises more than one for
one. The end result is that the strength of the specialization force depends on the elasticity
of the demand for the good whose supply rises due to higher productivity. Consequently,
when demand is inelastic (i.e., domestic and foreign agricultural goods are complements), an
improvement in the Home agricultural productivity causes the consumption pattern force and
the specialization force to push in the same direction in Home, leading Home to reallocate labor
from farm to factory, while Foreign reallocates labor from factory to farm. When demand is
elastic (i.e., domestic and foreign agricultural goods are substitutes), an improvement in the
Home agricultural productivity causes the consumption pattern force and the specialization
force to push in opposite directions in Home, producing an ambiguous reallocation effect, while
Foreign unambiguously reallocates labor from farm to factory. To test this insight, we look at
two special cases that isolate the two forces.
In the first special case, we shut down the Home subsistence requirement for consumption

of its agricultural good. The effects are as in the general case with the key difference that the
effects of higher Home agricultural productivity are no longer ambiguous. When the elasticity of
substitution between domestic and foreign agricultural goods is greater than one (i.e., domestic
and imported agricultural goods are substitutes) as the data suggests, an improvement in
agricultural productivity delays industrial development because the economy specializes even
further in agricultural production and thus reallocates labor from factory to farm. This scenario
is consistent with Mokyr (1976), Field (1978) and Wright (1979). Furthermore, an improvement
in the agricultural productivity of its trading partner has the opposite effects on the domestic
economy: it hastens domestic industrial development and raises domestic transitional growth
rate. All the effects above are reversed when the elasticity is less than one (i.e., domestic and
imported agricultural goods are complements). The insight here is that the assumption of
no Home subsistence requirement for its agricultural good shuts down one of the two forces
highlighted above, the change in the consumption pattern of the Home households, which in
this scenario plays no role.
In the second special case, we shut down international agricultural trade. Equivalently,

we retain agricultural trade but set the elasticity of substitution between domestic and foreign
agricultural goods equal to one. In this scenario, higher Home agricultural productivity hastens
Home industrialization and raises its transitional growth rate. The reason is that the dominant
force is the change in the consumption pattern of the Home households, which results in a real-
location of labor from farm to factory, because the specialization force is mitigated when there
is no agricultural trade or the elasticity of substitution between Home and Foreign agricultural
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goods is equal to one.4 This scenario is consistent with Nurkse (1953) and Schultz (1953).
Furthermore, this property yields that the Foreign agricultural productivity has no effects on
industrialization in Home and Foreign.
To set the stage for our theoretical analysis, we examine the literature’s two theoretical

predictions using cross-country panel data and find that agricultural productivity has a direct
positive growth effect but also an indirect negative growth effect via agricultural trade. There-
fore, the overall growth effect of agricultural productivity is ambiguous and becomes negative
as the country’s reliance on agricultural imports becomes suffi ciently high, where we measure
reliance as the ratio between the country’s net agricultural imports and its domestic agricultural
production. In other words, when the country’s agricultural imports are small (large) relative
to its own agricultural production, higher domestic agricultural productivity stimulates (stifles)
industrial development and economic growth as our theory predicts.
To shed further light on the mechanism driving the theory, we calibrate our model to

data for the China-US and Japan-US pairs. In the China-US case, agricultural productivity
in China has a positive effect on its economic growth due to its relatively low reliance on
agricultural imports. In particular, because agricultural consumption relies mostly on domestic
agricultural production, rising agricultural productivity enables the Chinese economy to release
labor from agricultural production to industrial production by moving Chinese consumers away
from the subsistence constraint on consumption of the domestic agricultural good. In the
Japan-US case, in contrast, the agricultural productivity of Japan has a negative effect on
its economic growth due to its relatively high reliance on agricultural imports. Specifically,
higher agricultural productivity causes the Japanese economy to engage in agricultural import
substitution and thereby reallocate labor from industrial production to agricultural production.
Quantitatively, changes in domestic agricultural productivity explain about one-third of the
changes in the growth rate of technology in both China and Japan. Similarly, changes in
agricultural productivity in China or Japan also contribute significantly to the increase in the
growth rate of technology in the US.
This study contributes to the literature on innovation-led economic growth. Romer (1990)

develops the seminal R&D-based growth model of variety expansion. Aghion and Howitt (1992)
develop the creative-destruction Schumpeterian growth model of quality improvement.5 Sub-
sequent studies develop the Schumpeterian growth model with endogenous market structure,
which incorporates both variety-expanding and quality-improving innovation; see Peretto (1994,
1998, 1999), Smulders (1994), Smulder and van de Klundert (1995), Dinopoulos and Thomp-
son (1998) and Howitt (1999).6 Many of these models feature firms that do in-house R&D to
fuel incremental innovation (i.e., creative accumulation); the others feature firms that do not do
in-house R&D and wait to be replaced by outside challengers (i.e., creative destruction). Garcia-
Macia et al. (2019) provide the most recent empirical evidence that economic growth comes
mostly from creative accumulation rather than creative destruction. Therefore, in this study
we contribute to this literature by developing an open-economy creative-accumulation Schum-
peterian growth model with an agricultural sector that produces tractable transitional dynamics

4Chu, Peretto and Wang (2022) obtains this effect in a closed-economy Schumpeterian growth model. Our
contribution here is to examine when this positive effect also shows up in an open-economy setting.

5See also the early studies by Grossman and Helpman (1991) and Segerstrom et al. (1990).
6See Laincz and Peretto (2006), Ha and Howitt (2007), Madsen (2008) and Ang and Madsen (2011) for

empirical evidence that supports the Schumpeterian growth model with both dimensions of innovation.
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featuring an endogenous takeoff. We then use the model to explore the effects of agricultural
productivity on the endogenous transition from pre-industrial stagnation to innovation-driven
growth of economies that engage in industrial and agricultural trade.
This study also contributes to the literature on agricultural productivity, industrialization

and economic development. Early studies by Nurkse (1953), Schultz (1953) and Rostow (1959)
argue that agricultural productivity growth releases labor from agriculture to industry and
serves as an essential engine of industrialization and economic development.7 Johnston and
Mellor (1961), Mellor (1995) and Johnson (1997) echo this view. Subsequent studies formalize
it; see for example, Ranis and Fei (1961) for an extended Lewis model with an institutional
wage, Murphy et al. (1989), Kogel and Prskawetz (2001) and Restuccia et al. (2008) for a two-
sector general equilibrium model, and Gollin et al. (2002, 2007) for a neoclassical growth model
with an agricultural sector.8 Empirical studies supportive of these theoretical developments are
Tiffi n and Irz (2006), McArthura and McCord (2007), Ravallion and Chen (2007) and Cao and
Birchenall (2013). As mentioned, Mokyr (1976), Field (1978) and Wright (1979) stress the
importance of international trade and, in contrast to the view just discussed, argue that high
agricultural productivity gives rise to specialization in agriculture and delays industrialization.
Subsequent studies by Matsuyama (1992), Duranton (1998) and Chesnokova (2007) formalize
this idea and find that higher agricultural productivity triggers early industrialization in a closed
economy but delays industrialization in an open economy. Foster and Rosenzweig (2004, 2008)
provide empirical evidence for this negative relationship between agricultural productivity and
economic growth;9 see also Gollin (2010) for a thorough review of both theoretical and empirical
studies in this literature. Despite the richness of the theoretical literature that studies the role
of agricultural productivity in structural transformation and economic development driven by
capital accumulation, relatively few studies examine its effects on innovation-driven growth.
We contribute to this vast literature by developing an open-economy Schumpeterian growth
model that allows us to explore the effects of agricultural productivity on innovation-driven
growth in the presence of international trade in agricultural goods. The goal is to sort out the
relative contribution of the contrasting forces at play.
Finally, this study contributes to the literature on endogenous takeoff and economic growth.

The seminal study by Galor and Weil (2000) develops Unified Growth Theory (UGT), which
captures the process of transformation from a Malthusian agricultural economy to a modern
industrial economy in a single analytical framework. Subsequent studies by Galor and Moav
(2002), Galor and Mountford (2008), Galor et al. (2009) and Ashraf and Galor (2011) ex-
amine the role of different prehistorical and historical characteristics and provide supportive
empirical evidence for UGT.10 In a related literature, Peretto (2015) develops a closed-economy

7In the seminal study by Lewis (1955), the agricultural sector is characterized by labor surplus and disguised
unemployment. Also, Krugman (1987) and Lucas (1988) argue that the manufacturing sector is characterized
by economies of scale and human capital accumulation.

8Echevarria (1995, 1997), Kongsamut et al. (2001), Lucas (2004) and Ngai and Pissarides (2007) also
incorporate an agriculture sector into growth models to explore the structural transformation from agriculture
to industry, but they do not consider the role of agricultural productivity on the takeoff of the economy.

9Bravo-Ortega and Lederman (2005) find a positive effect of agricultural productivity on growth in non-
agricultural sectors in developing countries, but this effect is negative in developed countries. See also Bustos
et al. (2022) who show that high agricultural productivity causes structural transformation but not innovation
in Brazil.
10See Galor (2005, 2011) for a comprehensive review of UGT.
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Schumpeterian growth model with endogenous takeoff to capture the endogenous transition
from pre-industrial stagnation to innovation-driven growth.11 Chu, Peretto and Wang (2022)
develops a Schumpeterian growth model with an agricultural sector to explore how agricultural
productivity affects the transition of an economy from pre-industrial stagnation to innovation-
driven growth in a closed economy. Chu, Peretto and Xu (2023) develops a small open economy
version of the Schumpeterian growth model in Peretto (2015) to explore export-led takeoff and
innovation-driven growth. We contribute to this literature by extending the Schumpeterian
growth model with endogenous takeoff to the case of a world general equilibrium featuring two
countries that trade industrial and agricultural goods.
The rest of this study is organized as follows. Section 2 documents some stylized facts

using cross-country panel data. Section 3 presents our open-economy Schumpeterian growth
model with an agricultural sector. Section 4 characterizes the effects of agricultural productivity
improvement. Section 5 calibrates the model and investigates the quantitative effects of changes
in agricultural productivity. Section 6 concludes.

2 Stylized facts

In this section, we use cross-country data to establish some key facts about the relationship
between agricultural productivity, agricultural trade and economic growth. We use the following
specification:

yjt = κ1Ajt + κ2Ajt × tradejt + κ3tradejt + ΓΦjt + ζj + ζt + εjt,

where yjt is a proxy for industrialization or economic growth in country j at time t for which
we use the log level of non-agricultural real GDP per capita, or the log level of real GDP per
capita, or total factor productivity (TFP). Ajt is agricultural productivity in country j at time
t measured by an agricultural TFP index. tradejt is the ratio of net agricultural imports to
domestic agricultural production in country j at time t,12 which is our measure of reliance
on agricultural imports. We use the initial value of this ratio at time t, because changes in
agricultural productivity may affect the agricultural trade pattern. Given that the cyclical
fluctuations in annual data may bias the estimation, we consider five years as a period.13 Our
theory predicts that κ1 > 0 and κ2 < 0. In other words, high agricultural productivity has a
positive effect on industrialization and economic growth, but this positive effect weakens and
may become negative when an economy relies heavily on agricultural imports. Φjt denotes the
following set of control variables: the log level of capital stock, government spending as a share
of GDP, a human capital index, and the depreciation rate of capital stock. The variables ζj
and ζt denote country and time fixed effects, respectively. Finally, εjt is the error term.
After merging data from the Food and Agricultural Organization (FAO), the Penn World

Tables, the U.S. Department of Agriculture and the World Bank Data, we have a sample of

11See also the subsequent studies by Iacopetta and Peretto (2021), Chu, Fan and Wang (2020), Chu, Kou and
Wang (2020) and Chu, Furukawa and Wang (2022) for different mechanisms that trigger endogenous takeoff in
this framework.
12This proxy is calculated based on monetary values due to data limitations on agricultural production volume

at the aggregate level. The estimated coeffi cients have the same sign and mostly remain significant at least at
the 10% level when using gross agricultural imports.
13Our results remain robust when we consider three years as a period. Results are available upon request.
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up to 772 observations covering 148 countries for 1991-2020. Table A1 in Appendix A provides
the summary statistics. Table 1 reports the estimation results. The dependent variable is
the log of non-agricultural real GDP per capita in columns (1)-(2), the log of real GDP per
capita in columns (3)-(4), and the TFP index in columns (5)-(6). In all columns, the coeffi cient
κ1 on agricultural productivity is significantly positive and the coeffi cient κ2 on the ratio of
agricultural net imports to domestic agricultural production is significantly negative. Therefore,
the positive growth effect of domestic agricultural productivity weakens and may even become
negative as a country relies more heavily on agricultural imports.

Table 1: Relationship between agricultural productivity, trade and economic growth

non-agri GDP per capita GDP per capita TFP
(1) (2) (3) (4) (5) (6)

Ajt 0.228∗∗ 0.336∗∗∗ 0.253∗∗∗ 0.358∗∗∗ 0.194∗∗ 0.200∗∗∗

(0.102) (0.086) (0.095) (0.087) (0.082) (0.075)
Ajt × tradejt -0.104∗∗∗ -0.167∗∗∗ -0.087∗∗∗ -0.144∗∗∗ -0.099∗∗∗ -0.116∗∗∗

(0.016) (0.020) (0.016) (0.019) (0.014) (0.018)
tradejt 0.070∗∗∗ 0.102∗∗∗ 0.058∗∗∗ 0.088∗∗∗ 0.014∗ 0.048∗∗∗

(0.016) (0.018) (0.017) (0.017) (0.008) (0.014)

Control variables X X X
Country fixed effects X X X X X X
Period fixed effects X X X X X X
Observations 657 569 667 578 497 497
R2 0.9900 0.9950 0.9899 0.9944 0.7333 0.7570

Notes: ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1. Robust standard errors in parentheses. Standard errors are
clustered at the country level.

Our measure of reliance on imported agricultural goods can be influenced by factors like
market prices, trade polices and subsidies because it is based on monetary values. For example,
a country exporting a high-value agricultural product while heavily relying on imports for other
agricultural products might appear less reliant than it truly is. To address this limitation and
ensure the robustness of our findings, we employ another measure based on volume. Given that
cereals are the major part of dietary energy supply worldwide,14 the cereal import dependency
ratio serves as a common measure of agricultural import reliance; see for example, Clapp (2017)
and FAO (2022).15 In addition, the cereal import dependency ratio is also a key indicator of food
security, which is closely linked to import substitution. Countries prioritize substituting cereal
imports over other agricultural products due to their crucial role in food security. Therefore, we
follow McArthura and McCord (2007) to use cereal yields per hectare as an alternative proxy
for agricultural productivity. Table 2 reports the estimation results.16

14From the FAO’s definition, cereals include rice, wheat, maize, barley, oats, millet, and sorghum, etc. In
addition, cereals serve as the primary source of calories and plant protein in global diet; see Poutanen et al.
(2022).
15According to FAO (2012), import dependency ratio is defined as (imports)/(production+imports−exports).
16We also consider the productivity and import dependency ratio of other agricultural products, such as root
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Across all columns in Table 2, the coeffi cient κ1 on cereal productivity is significantly pos-
itive, while the coeffi cient κ2 on the interaction with cereal import dependency is significantly
negative. Taking column (6) as an example, the coeffi cient on agricultural productivity is 0.237
and the coeffi cient on cereal import dependency is -0.437, both of which are statistically signif-
icant at the 1% level. Specifically, for an economy with the minimal cereal import dependency
ratio, increasing agricultural productivity by 100% increases the TFP index by 0.237 (i.e.,
0.237− 0.437× 0.0), which is statistically significant at the 1% level. For an economy with the
average cereal import dependency ratio, increasing agricultural productivity by 100% increases
the TFP index by 0.09 (i.e., 0.237 − 0.437 × 0.327), which is also statistically significant at
the 1% level. For an economy with the maximal cereal import dependency ratio, increasing
agricultural productivity by 100% decreases the TFP index by 0.20 (i.e., 0.237− 0.437× 1.0),
which is statistically significant at the 1% level. These results show that the positive effect of
agricultural productivity improvement in cereals diminishes and eventually becomes negative
as its import dependency ratio increases.17

Table 2: Relationship between cereal productivity, trade and economic growth

non-agri GDP per capita GDP per capita TFP
(1) (2) (3) (4) (5) (6)

Ajt 0.465∗∗∗ 0.260∗∗∗ 0.449∗∗∗ 0.253∗∗∗ 0.192∗∗∗ 0.237∗∗∗

(0.095) (0.086) (0.085) (0.082) (0.072) (0.069)
Ajt × tradejt -0.559∗∗∗ -0.438∗∗∗ -0.475∗∗∗ -0.359∗∗∗ -0.419∗∗∗ -0.437∗∗∗

(0.115) (0.137) (0.105) (0.128) (0.133) (0.125)
tradejt 5.437∗∗∗ 4.225∗∗∗ 4.656∗∗∗ 3.496∗∗∗ 4.035∗∗∗ 4.280∗∗∗

(1.138) (1.352) (1.039) (1.262) (1.277) (1.232)

Control variables X X X
Country fixed effects X X X X X X
Period fixed effects X X X X X X
Observations 759 627 772 637 523 523
R2 0.9890 0.9936 0.9887 0.9932 0.6911 0.7344

Notes: ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1. Robust standard errors in parentheses. Standard errors are
clustered at the country level.

3 A Schumpeterian model with agricultural trade

In this section, we develop a two-country Schumpeterian growth model to explore the role of
agricultural productivity in driving the endogenous takeoff of the economy and its convergence
to scale-invariant steady-state growth driven by both variety expansion and quality improve-
ment. The model is based on Peretto (2015) but is also inspired by Peretto and Valente

and tuber crops. The estimated coeffi cients have the same sign and mostly remain significant at least at the
10% level. Results are available upon request.
17Our empirical result also indicates that the overall effect of agricultural productivity on TFP is significantly

positive in China but significantly negative in Japan, which is consistent with our quantitative analysis.
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(2011), who develop the first two-country, world general equilibrium model of endogenous inno-
vation with asymmetric trade due to different endowments of natural resources. Chu, Peretto
and Wang (2022) introduce an agricultural sector to the model in Peretto (2015), obtaining
a mechanism through which agricultural productivity affects endogenous takeoff in a closed
economy. By converting the closed-economy model into a two-country model, we shed light on
the relationship between agricultural productivity, international trade in both agricultural and
industrial goods, and innovation-driven growth.

3.1 Households

There are two countries: Home, denoted h, and Foreign, denoted f . To ensure the existence
of a balanced-growth path in our two-country world-economy model, we assume that the two
countries have the same population growth rate, denoted as λ > 0. With the same population
growth rate in the two countries, the population ratio remains constant at the value Lht /L

f
t =

Lh0/L
f
0 , where L

h
0 and L

f
0 are the initial populations of Home and Foreign, respectively.

The representative household in country j ∈ {h, f} has preferences

U j =

∫ ∞
0

e−(ρj−λ)t

{
ln cjt + ψj ln ιjt + γj ln

[
δj(qjt − ηj)

ε−1
ε + (1− δj)(mj

t)
ε−1
ε

] ε
ε−1
}
dt, (1)

where cjt , ι
j
t , q

j
t and m

j
t denote, respectively, consumption per capita of the domestic industrial

good, of the imported industrial good, of the domestic agricultural good and of the imported
agricultural good. The parameter ρj > λ is the subjective discount rate. The parameters
ψj > 0 and γj > 0 regulate the contribution to flow utility of the imported industrial good and
of the agricultural goods. The parameter δj ∈ (0, 1] regulates the importance of the domestic
agricultural good relative to the imported agricultural good and ηj > 0 is the subsistence
requirement for consumption of the domestic agricultural good. Finally, ε ∈ (0,∞) is the
elasticity of substitution between domestic and foreign agricultural goods.
The asset-accumulation equation in country j is given by

ȧjt = (rjt − λ)ajt + wjt − pjY,tc
j
t − p−jY,tι

j
t − pjA,tq

j
t − p−jA,tm

j
t , (2)

where the superscript −j denotes a country other than country j. ajt is the value of asset per
capita and rjt is the interest rate. Each household member supplies inelastically one unit of
labor to earn the wage rate wjt . In addition, p

j
Y,t and p

−j
Y,t are, respectively, the price of domestic

industrial good and of imported industrial good. Similarly, the prices of domestic and imported
agricultural goods are denoted by pjA,t and p

−j
A,t, respectively.

The household’s dynamic optimization in country j yields the consumption Euler equation

ċjt

cjt
= rjt −

ṗjY,t

pjY,t
− ρj (3)

and the expenditure on the imported industrial good

p−jY,tι
j
t = ψjpjY,tc

j
t . (4)

Up to this point, the model treats the two countries symmetrically.
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To obtain a sharp characterization of the role of agricultural productivity, we set up an
asymmetric agricultural trade structure. Specifically, the Home representative household con-
sumes both domestic and foreign agricultural goods. The Foreign representative household,
instead, consumes only the domestic agricultural good.18 Technically, we set δf = 1, which
yields mf

t = 0. Moreover, because the model does not have a balanced growth path if we allow
for a Foreign subsistence requirement for its own agricultural good, we set ηf = 0.
With this structure, the Home household’s dynamic optimization yields the expenditure

functions for domestic and foreign agricultural goods:

phA,t(q
h
t − ηh) =

δhγhphY,tc
h
t

δh + (1− δh)/
(
qht −ηh
mht

) ε−1
ε

; (5)

pfA,tm
h
t =

(1− δh)γhphY,tcht

δh
(
qht −ηh
mht

) ε−1
ε

+ 1− δh
. (6)

Taking the ratio of these expressions, we obtain

bht ≡
qht − ηh
mh
t

=

(
δh

1− δh
pfA,t
phA,t

)ε

. (7)

This variable bht , which captures the ratio of domestic agricultural consumption to imported
agricultural consumption, plays a crucial role in our analysis. Therefore, we give it a name
and a symbol: we call bht the agricultural consumption ratio. The dynamic optimization of the
Foreign representative household yields the expenditure function for its own agricultural good

pfA,tq
f
t = γfpfY,tc

f
t . (8)

The detailed derivation of these relations is in Appendix C.

3.2 Agriculture

We follow Lagakos and Waugh (2013) and assume that in country j, the agricultural sector is
perfectly competitive, producing with the linear technology

Qj
t = AjLjA,t = AjljA,tL

j
t , (9)

where Qj
t is agricultural output, L

j
A,t and l

j
A,t are, respectively, the agricultural labor input

and the agricultural labor share, and the parameter Aj > 0 denotes agricultural productivity.
We set Ah > ηh to ensure that the Home economy is viable in the sense that its satisfies its
agricultural subsistence constraint.
Profit maximization yields the price of the agricultural good

pjA,t =
wjt
Aj
. (10)

18See the discussion in footnote 3.
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The agricultural market-clearing condition in country j is

Qj
t = qjtL

j
t +m−jt L−jt , (11)

where the superscript −j denotes a country other than country j. In interpreting this condition,
recall that by construction mf

t = 0.

3.3 Industrial good

In country j, competitive firms produce the industrial good with the technology

Y j
t =

∫ Nj
t

0

[Xj
t (i)]

θj

{
[Zj

t (i)]
αj(Zj

t )
1−αj LjY,t

(N j
t )1−σj

}1−θj

di, (12)

where θj ∈ (0, 1) determines labor intensity, 1− θj, in industrial production, N j
t is the variety

of intermediate goods, and Xj
t (i) is the quantity of intermediate good i. Intermediate good i

has quality Zj
t (i). The average quality across intermediate goods is Z

j
t ≡

∫ Nj
t

0
Zj
t (i)di/N

j
t . The

parameter αj ∈ (0, 1) regulates the importance of own quality relative to technology spillovers
in determining how good i augments the industrial labor input LjY,t = ljY,tL

j
t , where l

j
Y,t is the

industrial labor share. The parameter σj ∈ (0, 1) measures the degree of love of variety in
industrial production.
Let pjX,t(i) be the price of intermediate good i. Profit maximization yields the demand

function for intermediate goods

Xj
t (i) =

[
θj

pjX,t(i)/p
j
Y,t

] 1

1−θj

[Zj
t (i)]

αj(Zj
t )

1−αj LjY,t

(N j
t )1−σj

for i ∈
[
0, N j

t

]
(13)

and the expenditure rules:
wjtL

j
Y,t = (1− θj)pjY,tY

j
t ; (14)∫ Nj

t

0

pjX,t(i)X
j
t (i)di = θjpjY,tY

j
t . (15)

The second equation yields our measure of the size of the market for intermediate goods.

3.4 Intermediate goods and in-house R&D

In country j, the typical monopolistic firm uses Xj
t (i) units of the domestic industrial good

to produce Xj(i) units of intermediate good i and also uses φj[Zj
t (i)]

αj(Zj
t )

1−αj units of the
domestic industrial good as a fixed operating cost. The profit before R&D is

Πj
t(i) = pjX,t(i)X

j
t (i)− pjY,tX

j
t (i)− pjY,tφj[Z

j
t (i)]

αj(Zj
t )

1−αj . (16)

The firm also invests Rj
t (i) units of the domestic industrial good to obtain quality improvement

Żj
t (i) = Rj

t (i). (17)
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Given initial condition Zj
0 (i), the firm maximizes its value,

V j
t (i) =

∫ ∞
t

exp

(
−
∫ s

t

rudu

)
[Πj

s(i)− p
j
Y,sR

j
s(i)]ds, (18)

subject to the demand function (13), the profit equation (16), the R&D technology (17); see
Appendix C for the solution to this dynamic optimization problem.
We assume that firms start with identical initial conditions, i.e., Zj

0 (i) = Zj
0 for i ∈ [0, N j

t ].
It follows that firms solve identical problems and thus charge identical prices and invest at the
same rate. This yields a symmetric equilibrium where pjX,t(i) = pjX,t, X

j
t (i) = Xj

t , Πj
t(i) = Πj

t

and Zj
t (i) = Zj

t for i ∈ [0, N j
t ]. In particular, firm i sets

pjX,t(i) = min

{
µjpjY,t,

1

θj
pjY,t

}
= µjpjY,t, (19)

where µj ∈ (1, 1/θj) is the marginal production cost of fringe competitive firms that can supply
a good of the same quality as firm i. Therefore, the firm i sets the monopolistic price as µj to
drive such fringe firms out of the market. Moreover, the R&D decision of firm i yields the rate
of return to quality improvement

rjt = αj

[
(µj − 1)

Xj
t

Zj
t

− φj
]

+
ṗjY,t

pjY,t
, (20)

where Xj
t /Z

j
t is the quality-adjusted size of the firm, defined as units sold per unit of quality.

Substituting the price pjX,t(i) = µjpjY,t into (13) yields

Xj
t

Zj
t

=

(
θj

µj

) 1

1−θj LjY,t

(N j
t )1−σj

=

(
θj

µj

) 1

1−θj Ljt l
j
Y,t

(N j
t )1−σj

. (21)

This expression contains the two key state variables of the model, namely, the endogenous mass
of firms, N j

t , and the exogenous population, L
j
t .

To characterize the dynamics of the model analytically, we define the composite state vari-
able

xjt ≡
(
θj

µj

) 1

1−θj Ljt

(N j
t )1−σj

. (22)

In this notation, the rate of return to quality-improving innovation is

rjt = αj[(µj − 1)xjt l
j
Y,t − φj] +

ṗjY,t

pjY,t
, (23)

where xjt l
j
Y,t is the quality-adjusted size of the firm. We shall use the shorthand firm size for

this variable when confusion does not arise.
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3.5 Entrants

In pursuit of monopolistic profit, new firms have incentives to enter the market, providing new
differentiated intermediate goods of average quality. Entering the market requires payment of
a sunk entry cost (for setting up equipment and plant). In country j, entry is positive when
the free-entry condition

V j
t = βjpjY,tX

j
t (24)

holds, where βj > 0 is an entry-cost parameter.
We now recall that the intermediate industry equilibrium is symmetric and differentiate the

firm-value equation (18) with respect to time to obtain

rjt =
Πj
t − pjY,tR

j
t

V j
t

+
V̇ j
t

V j
t

. (25)

This is the standard asset pricing equation defining the rate of return to owning equity in a firm.
Substituting the profit equation (16), the R&D technology (17), the price (19), the expression
for quality-adjusted firm size (21), the definition of xjt (22) and the free entry condition (24) into
the asset pricing equation (25) yields the rate of return to entry or, equivalently, firm ownership

rjt =
(µj − 1)xjt l

j
Y,t − φj − z

j
t

βjxjt l
j
Y,t

+
ẋjt

xjt
+
l̇jY,t

ljY,t
+ zjt +

ṗjY,t

pjY,t
, (26)

where zjt ≡ Ż
j

t/Z
j
t is the growth rate of quality.

3.6 International trade

In our model, the Home representative household consumes domestic and imported agricultural
goods as well as domestic and imported industrial goods. The Foreign representative house-
hold also consumes domestic and imported industrial goods but consumes only its domestic
agricultural good. Therefore, the balanced-trade condition is

phY,tι
f
tL

f
t = pfY,tι

h
tL

h
t + pfA,tm

h
tL

h
t . (27)

3.7 Equilibrium

The equilibrium is a time path of allocations {cjt , ιjt , qjt ,mj
t , l

j
Y,t, l

j
A,t, X

j
t (i), R

j
t (i)} and a time

path of prices {wjt , rjt , pjY,t, p
−j
Y,t, p

j
X,t(i), p

j
A,t, p

−j
A,t, V

j
t (i)} in country j such that:

• households choose {cjt , ιjt , qjt ,mj
t} to maximize utility taking {wjt , rjt , pjY,t, p

−j
Y,t, p

j
A,t, p

−j
A,t} as

given;

• competitive agricultural firms choose agricultural labor input LjA,t to maximize profit
taking {wjt , pjA,t} as given;

• competitive industrial firms choose factor inputs {LjY,t, X
j
t (i)} to maximize profit taking

{wjt , pjY,t, p
j
X,t(i)} as given;

13



• monopolistic intermediate firms choose {pjX,t(i), R
j
t (i)} to maximize their value V j

t (i) tak-
ing {rjt , pjY,t} as given;

• entrants make entry decisions taking {V j
t , p

j
Y,t} as given;

• the value of household assets is equal to the value of the monopolistic firms, ajtLjt = N j
t V

j
t ;

• the agricultural good market clears, Qj
t = qjtL

j
t +m−jt L−jt (recall that mf

t = 0);

• the labor market clears, Ljt = LjY,t + LjA,t = ljY,tL
j
t + ljA,tL

j
t ;

• the industrial good market clears, Y j
t = cjtL

j
t +N j

t (Xj
t + φjZj

t +Rj
t ) + Ṅ j

t β
jXj

t + ι−jt L−jt ;

• the balanced-trade condition holds, phY,tι
f
tL

f
t = pfY,tι

h
tL

h
t + pfA,tm

h
tL

h
t .

3.8 Aggregation

We substitute the monopolistic quantity (13) and price (19) in the industrial production function
(12) to obtain the equilibrium reduced-form production function in country j

Y j
t =

(
θj

µj

) θj

1−θj

(N j
t )
σj

Zj
tL

j
t l
j
Y,t. (28)

The growth rate of industrial output per capita, yjt ≡ Y j
t /L

j
t , then is

gjt ≡
ẏjt

yjt
= σjnjt + zjt +

l̇jY,t

ljY,t
, (29)

where njt ≡ Ṅ
j

t/N
j
t and z

j
t are the rates of variety growth and quality growth, respectively.

3.9 Dynamics

Given the definition in equation (22), the law of motion of the state variable xjt in country j is

ẋjt

xjt
= λ− (1− σj)njt . (30)

We show below that the growth rate of product variety, njt , is a monotonically increasing
function of xjt . Accordingly, x

j
t grows over time and converges to the unique steady state (xj)∗.

We also show that there exist two thresholds of the state variable, denoted as xjN and xjZ ,
respectively. For xjt < xjN , agents are not willing to finance variety-expanding innovation (i.e.,
entry) because firm size is too small. Likewise, for xjt < xjZ , agents are not willing to finance
quality-improving innovation (i.e., in-house R&D) because firm size is too small.
We choose parameters such that xjN < xjZ to obtain a sequence of events that replicates the

historical experience of the advanced economies. In particular, the economy goes through three
phases: the pre-industrial era, characterized by the absence of innovation; the first phase of
the industrial era, characterized by variety expansion but no quality improvement; the second
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phase of the industrial era, characterized by both variety-expanding and quality-improving
innovation. The mechanism generating this pattern is as follows. In the pre-industrial era,
firm size is insuffi ciently large to generate positive monopolistic profit and by implication it is
insuffi ciently large to trigger innovation of any kind. As firm size grows due to the exogenous
growth of the population, it crosses the threshold for variety-expanding innovation and the
economy enters the industrial era. The first phase of the industrial era features the emergence
of monopolistic firms taking over existing intermediate goods lines, and the variety-expanding
innovation activity of entrants who invest to capture a share of the market for intermediate
goods. As firm size continues to grow, it crosses the threshold for quality-improving innovation.
When this happens, the economy enters the second phase of the industrial era that features
both variety-expanding and quality-improving innovation. Eventually, firm size converges to
its steady-state value and the economy settles into its balanced growth path.
To ensure that in steady state firm size, the growth rate of variety, and the growth rate of

quality are positive, we impose the condition

βjφj >
1

αj

[
µj − 1− βj

(
ρj +

σjλ

1− σj

)]
> µj − 1. (31)

The following lemmas describe the key dynamic property of the model, whereby there is a
set of intratemporal relations, determining the fast adjusting endogenous variables bht = (qht −
ηh)/mh

t , c
j
t/y

j
t , l

j
Y,t and l

j
A,t = 1− ljY,t as functions of the model’s parameters. Given the constant

equilibrium values of these variables, the transitional dynamics of the model are governed by
the law of motion of the slow adjusting state variable xjt characterized in equation (30) above.
Under condition (31), this process eventually converges to the steady state (xj)

∗.

Lemma 1 (Intratemporal equilibrium) At any time t, the agricultural consumption ratio bht and
the consumption-output ratios {cht /yht , c

f
t /y

f
t } jump to the unique and stable steady-state values.

In particular, the steady-state values of the agricultural consumption ratio and consumption-
output ratios are:19

bht =
(
bh
)∗

= arg solve
bht

{
F (bht ; ·) =

δh

1− δh
1− θf

1− θh
Ah

Af

}
,

cht
yht

=

(
ch

yh

)∗
=



1−θh

1+ψh+
(1−δh)γh

δh((bh)∗)
ε−1
ε +1−δh

0 ≤ xht ≤ xhN

1−θh+βhθh

µh
(ρh−λ)

1+ψh+
(1−δh)γh

δh((bh)∗)
ε−1
ε +1−δh

xhN < xht <∞
,

cft

yft
=

(
cf

yf

)∗
=



1−θf

1+ψf− ψf (1−δh)γh

ψhδh((bh)∗)
ε−1
ε +(ψh+γh)(1−δh)

0 ≤ xft ≤ xfN

1−θf+βf θf

µf
(ρf−λ)

1+ψf− ψf (1−δh)γh

ψhδh((bh)∗)
ε−1
ε +(ψh+γh)(1−δh)

xfN < xft <∞
.

where xjN is the threshold of firm size for variety-expanding innovation in country j.

19The function F (bht ; ·) is defined in (B.5) in Appendix B.

15



Proof. See Appendix B.

Lemma 1 shows that the steady-state Home consumption-output ratio is increasing (de-
creasing) in the steady-state agricultural consumption ratio, while the steady-state Foreign
consumption-output ratio is decreasing (increasing) if the elasticity ε of substitution between
domestic and foreign agricultural goods is greater (smaller) than one. Also, with the expressions
of cht /y

h
t and c

f
t /y

f
t , we derive the industrial labor shares in Lemma 2.

Lemma 2 (Industrial labor shares) At any time t, the steady-state values of the industrial labor
shares lhY,t and l

f
Y,t are:

lhY,t = (lhY )∗ =



(1+ψh)δh((bh)
∗
)
ε−1
ε +(1+ψh+γh)(1−δh)

(1+ψh+γh)

[
δh((bh)

∗
)
ε−1
ε +1−δh

] (
1− η

Ah

)
0 ≤ xht ≤ xhN

(1+ψh)δh((bh)
∗
)
ε−1
ε +(1+ψh+γh)(1−δh)1+ψh+

1−θh+β
hθh

µh
(ρh−λ)

1−θh
γh

δh((bh)∗) ε−1ε +(1+ψh+γh)(1−δh)

(
1− η

Ah

)
xhN < xht <∞

;

(32)

lfY,t = (lfY )∗ =



1+ψf− ψf (1−δh)γh

ψhδh((bh)∗)
ε−1
ε +(ψh+γh)(1−δh)

1+ψf+γf
0 ≤ xft ≤ xfN

1+ψf− ψf (1−δh)γh

ψhδh((bh)∗)
ε−1
ε +(ψh+γh)(1−δh)

1+ψf+
1−θf+β

f θf

µf
(ρf−λ)

1−θf
γf+

βf θf

µf
(ρf−λ)

1−θf
ψf (1−δh)γh

ψhδh((bh)∗)
ε−1
ε +(ψh+γh)(1−δh)

xfN < xft <∞
.

(33)

Proof. See Appendix C.

If the elasticity of substitution between domestic and foreign agricultural goods is greater
(less) than one, the Home industrial labor share is decreasing (increasing) in the agricultural
consumption ratio, whereas the Foreign industrial labor share is increasing (decreasing) in it.

Lemma 3 (Comparative statics of agricultural consumption ratio with respect to agricultural
productivity) The steady-state value of

(
bh
)∗
is always increasing in the Home agricultural pro-

ductivity Ah and decreasing in the Foreign agricultural productivity Af .

Proof. See Appendix C.

According to Lemma 2 and Lemma 3, we then have the following patterns. If the elasticity
of substitution between domestic and foreign agricultural goods is less than one, higher Home
agricultural productivity yields a larger Home industrial labor share and a smaller Foreign
industrial labor share. Similarly, higher Foreign agricultural productivity yields a larger Foreign
industrial labor share and a smaller Home industrial labor share.
Things get a bit more complicated if the elasticity of substitution between domestic and

foreign agricultural goods is greater than one. Higher Foreign agricultural productivity lowers
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the Foreign industrial labor share and raises the Home industrial labor share. However, while the
effect of the Home agricultural productivity on the Foreign industrial labor share is positive, its
effect on the Home industrial labor share is ambiguous. The reason is that it facilitates meeting
the agricultural subsistence requirement, i.e., it reduces ηh/Ah, while it raises the agricultural
consumption ratio, i.e., it raises

(
bh
)∗
. These are the two competing forces – household

consumption pattern and international trade specialization – discussed in the Introduction.
Furthermore, the change in the household consumption pattern operates only in Home, and
thereby only in Home we have the ambiguous effect of higher domestic agricultural productivity
on domestic industrial labor share. The ambiguous result explains the competing perspectives
discussed in the Introduction: higher agricultural productivity fostering industrial development
versus higher agricultural productivity hindering industrial development. The former downplays
the role of international trade whereas the latter privileges it, reaching the opposite conclusion.
Below we shed further light on this aspect of our analysis by looking at two special cases that
capture the essence of these competing perspectives.

4 Agricultural productivity and industrial takeoff

In this section, we discuss how agricultural productivity affects the transition of the economy
from pre-industrial stagnation to modern innovation-driven growth. Additionally, we demon-
strate the significant role of international agricultural trade in shaping this process.

4.1 The pre-industrial era

In the pre-industrial era, spending on innovation yields negative profits as firm size is not
suffi ciently large. Hence, in country j, we have njt = zjt = 0. Furthermore, the industrial
labor share is constant by Lemma 2. Therefore, the growth rate of output per capita is gjt =
σjnjt + zjt = 0. The law of motion of the state variable, equation (30), yields

ẋjt

xjt
= λ− (1− σj)njt = λ, (34)

which shows that firm size grows exponentially at the constant rate λ and crosses the finite
threshold xjN for variety-expanding innovation at the finite time T

j
N = 1

λ
log
(
xjN/x

j
0

)
for given

initial condition xj0. Note that despite the common growth rate of the two populations, the
takeoff time is country-specific via the threshold xjN .

4.2 The first phase of the industrial era

In the first phase of the industrial era, there is variety-expanding innovation but no quality-
improving innovation. Specifically, in country j we have njt > 0 but zjt = 0. Also, the industrial
labor share is constant by Lemma 2. Therefore, the growth rate of output per capita is gjt =
σjnjt . Using the Euler equation (3), the rate of return to entry (26) and the fact that ċ

j
t/c

j
t =

ẏjt/y
j
t = gjt , we obtain

njt = n1(xjt) =
1

βj

[
µj − 1− φj

xjt
(
ljY
)∗
]

+ λ− ρj, (35)
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where n1(xjt) denotes the growth rate of variety in the first phase of the industrial era. n1(xjt)
is positive if and only if

xjt > xjN ≡
φj[

µj − 1− βj(ρj − λ)
] (
ljY
)∗ , (36)

which shows that the threshold xjN for variety-expanding innovation is decreasing in the domes-
tic industrial labor share (ljY )∗. According to Lemma 2 and Lemma 3, for ε ∈ (0, 1), we have
dxhN/dA

h < 0, dxhN/dA
f > 0, dxfN/dA

h > 0 and dxfN/dA
f < 0. In words, in both Home and

Foreign, an improvement in the country’s own agricultural productivity reduces the threshold
for variety-expanding innovation whereas an improvement in the agricultural productivity of the
other country increases it. For ε ∈ (1,∞), instead, we have dxhN/dA

h ambiguous, dxhN/dA
f < 0,

dxfN/dA
h < 0 and dxfN/dA

f > 0. In words, higher Foreign agricultural productivity increases
the Foreign threshold for variety-expanding innovation and decreases the Home threshold for
variety-expanding innovation. However, the effects of higher Home agricultural productivity
are ambiguous: while it reduces the Foreign threshold for variety-expanding innovation, it may
either increase or decrease the Home threshold for variety-expanding innovation due to its
ambiguous effects on the Home industrial labor share.
Equations (30) and (35) yield

ẋjt

xjt
=

1− σj

βj

{
φj

xjt
(
ljY
)∗ − [µj − 1− βj

(
σjλ

1− σj + ρj
)]}

. (37)

Under condition (31), xjt grows throughout the first phase of the industrial era and eventually
crosses the threshold xjZ for quality-improving innovation. Using g

j
t = σjnjt and equation (35)

yields

gjt =
σj

βj

[
µj − 1− φj

xjt
(
ljY
)∗
]
− σj(ρj − λ), (38)

which shows that a larger industrial labor share causes a higher transitional growth rate. Ac-
cording to Lemma 2 and Lemma 3, for ε ∈ (0, 1), an improvement in the country’s own agri-
cultural productivity causes a higher transitional growth rate whereas an improvement in the
agricultural productivity of the other country causes a lower transitional growth rate. For
ε ∈ (1,∞), agricultural productivity has the opposite effects, with the exception of the am-
biguous effect of the Home agricultural productivity on the Home transitional growth rate. We
summarize these results in Proposition 1.

Proposition 1 (Effects of agricultural productivity in the first phase of the industrial era) If
the elasticity of substitution between domestic and foreign agricultural goods is less than one,
we have: (i) higher Home agricultural productivity hastens the Home takeoff and raises its post
takeoff transitional growth rate; (ii) higher Home agricultural productivity delays the Foreign
takeoff and lowers its post takeoff transitional growth rate; (iii) higher Foreign agricultural pro-
ductivity delays the Home takeoff and lowers its post takeoff transitional growth rate; and (iv)
higher Foreign agricultural productivity hastens the Foreign takeoff and raises its post takeoff
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transitional growth rate. If the elasticity of substitution between domestic and foreign agricul-
tural goods is greater than one instead, we have: (v) higher Home agricultural productivity has
an ambiguous effect on the Home takeoff and its post takeoff transitional growth rate; (vi) higher
Home agricultural productivity hastens the Foreign takeoff and raises its post takeoff transitional
growth rate; (vii) higher Foreign agricultural productivity hastens the Home takeoff and raises
its post takeoff transitional growth rate; and (viii) higher Foreign agricultural productivity delays
the Foreign takeoff and lowers its post takeoff transitional growth rate.

Proof. Proved in the text.

4.3 The second phase of the industrial era

As xjt grows over time and eventually crosses the threshold x
j
Z for quality-improving innovation,

the economy enters the second phase of the industrial era. In this phase, the growth rate of
industrial output per capita is gjt = σjtn

j
t + zjt since the industrial labor share is once again

constant. We use the Euler equation (3), the rates of return to quality improvement (23) and
variety expansion (26), and the fact that ċjt/ c

j
t = ẏjt/y

j
t = gjt to derive the transitional growth

rate
gjt = αj[(µj − 1)xjt

(
ljY
)∗ − φj]− ρj, (39)

which shows that a larger industrial labor share leads to a higher transitional growth rate. The
two components of this growth rate are the innovation rates:

njt = n2(xjt) =
(1− αj)(µj − 1)− βj(ρj − λ)− [(1− αj)φj − ρj] 1

xjt(l
j
Y )

∗

βj − σj

xjt(l
j
Y )

∗
, (40)

zjt = z2(xjt) =

βj
{[

αj − σj

βjxjt(l
j
Y )

∗

]
[(µj − 1)xjt

(
ljY
)∗ − φj]− [(1− σj)ρj + σjλ]

}
βj − σj

xjt(l
j
Y )

∗
, (41)

where n2(xjt) and z2(xjt) are, respectively, the growth rate of variety and quality in the second
phase of the industrial era. Equation (41) says that z2(xjt) > 0 if and only if

xjt > xjZ ≡ arg solve
xjt

{
(1− σj)ρj + σjλ

(µj − 1)xjt
(
ljY
)∗ − φj = αj − σj

βjxjt
(
ljY
)∗
}
, (42)

which shows that the threshold xjZ for quality-improving innovation is decreasing in the domestic
industrial labor share

(
ljY
)∗
.

Lemma 2 and Lemma 3 then say that for ε ∈ (0, 1) we have dxhZ/dA
h < 0, dxhZ/dA

f > 0,
dxfZ/dA

h > 0 and dxfZ/dA
f < 0. In words, if the elasticity of substitution between domes-

tic and foreign agricultural goods is less than one, a country’s threshold for quality-improving
innovation is decreasing in the country’s own agricultural productivity and increasing in the
other country’s agricultural productivity. For ε ∈ (1,∞), instead, we have dxhZ/dA

h ambiguous,
dxhZ/dA

f < 0, dxfZ/dA
h < 0 and dxfZ/dA

f > 0. In words, if the elasticity of substitution be-
tween domestic and foreign agricultural goods is greater than one, an improvement in the Home
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agricultural productivity has an ambiguous effect on the Home threshold for quality-improving
innovation while it lowers the Foreign threshold for quality-improving innovation. On the other
hand, an improvement in the Foreign agricultural productivity lowers the Home threshold for
quality-improving innovation and raises the Foreign threshold for quality-improving innovation.
Equations (30), (40) and (41) yield the dynamics of xjt in country j as

ẋjt

xjt
=

(1−αj)φj−
(
ρj+ σj

1−σj
λ
)

xjt(l
j
Y )

∗ −
[
(1− αj)(µj − 1)− βj

(
ρj + σj

1−σjλ
)]

[
βj − σj

xjt(l
j
Y )

∗

]
1

1−σj

, (43)

which says that under condition (31), xjt grows over time and eventually converges to

(xj)∗ =
(1− αj)φj −

(
ρj + σjλ

1−σj

)
(1− αj)(µj − 1)−βj

(
ρj + σjλ

1−σj
) 1(
ljY
)∗ . (44)

The growth rate of industrial output per capita is

(gj)∗ = αj

(µj − 1)
(1− αj)φj −

(
ρj + σjλ

1−σj

)
(1− αj)(µj − 1)−βj

(
ρj + σjλ

1−σj
) − φj

− ρj. (45)

This growth rate is independent of the industrial labor share and of agricultural productivity–
indeed of any factor determining the scale of economic activity. The intuition for this scale
invariance property follows from equation (44), which says that in the steady state, firm size
xjt l

j
Y,t = (xj)∗(ljY )∗ is independent of any parameter related to scale. Agricultural productivity,

therefore, has no effect on firm size and thereby has no effect on the steady-state growth rate.
We summarize the effects of agricultural productivity in the second phase of the industrial era
in Proposition 2.

Proposition 2 (Effects of agricultural productivity in the second phase of the industrial era) If
the elasticity of substitution between domestic and foreign agricultural goods is less than one, we
have: (i) higher Home agricultural productivity lowers the Home threshold for quality-improving
innovation and increases the Home transitional growth rate; (ii) higher Home agricultural pro-
ductivity raises the Foreign threshold for quality-improving innovation and lowers the Foreign
transitional growth rate; (iii) higher Foreign agricultural productivity raises the Home threshold
for quality-improving innovation and lowers the Home transitional growth rate; and (iv) higher
Foreign agricultural productivity lowers the Foreign threshold for quality-improving innovation
and raises the Foreign transitional growth rate. If the elasticity of substitution between do-
mestic and foreign agricultural goods is greater than one instead, we have: (v) higher Home
agricultural productivity has an ambiguous effect on the Home threshold for quality-improving
innovation and the Home transitional growth rate; (vi) higher Home agricultural productivity
lowers the Foreign threshold for quality-improving innovation and raises the Foreign transi-
tional growth rate; (vii) higher Foreign agricultural productivity lowers the Home threshold for
quality-improving innovation and raises the Home transitional growth rate; and (viii) higher
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Foreign agricultural productivity raises the Foreign threshold for quality-improving innovation
and lowers the Foreign transitional growth rate. In both Home and Foreign, the steady-state
growth rate is affected by neither Home nor Foreign agricultural productivity.

Proof. Proved in the text.

4.4 Two special cases

To illuminate further the role of agricultural trade, we now consider two special cases. First,
we shut down the Home subsistence requirement for agricultural goods (i.e., ηh = 0). Second,
we consider a unitary elasticity of substitution between domestic and foreign agricultural goods
(i.e., ε = 1). This case produces the qualitative results that we obtain in the even more special
case of no agricultural trade between the two countries when Home has no preference for the
imported agricultural good (i.e., δh = 1).

4.4.1 No subsistence requirement (ηh = 0)

To see the role of this modification, we need to only track the equations in Home. When we shut
down the Home subsistence requirement for agricultural goods (ηh = 0), the term 1 − ηh/Ah
in equation (32) becomes 1 and the term bht =

(
qht − ηh

)
/mh

t becomes b
h
t = qht /m

h
t . The key

change is the first because it makes the industrial labor share monotonic in the agricultural
consumption ratio

(
bh
)∗
. Specifically, we have

(lhY )∗ =



(1+ψh)δh((bh)
∗
)
ε−1
ε +(1+ψh+γh)(1−δh)

(1+ψh+γh)

[
δh((bh)

∗
)
ε−1
ε +1−δh

] 0 ≤ xht ≤ xhN

(1+ψh)δh((bh)
∗
)
ε−1
ε +(1+ψh+γh)(1−δh)1+ψh+

1−θh+β
hθh

µh
(ρh−λ)

1−θh
γh

δh((bh)∗) ε−1ε +(1+ψh+γh)(1−δh)

xhN < xht <∞
. (46)

Lemma 3 changes accordingly but still says that the agricultural consumption ratio is increasing
in the Home agricultural productivity for any ε ∈ (0,∞). It then follows that all of the effects
that we study are unambiguous. In particular, the signs of the effects of Ah and Af for ε ∈ (0, 1)
are the same as in the general case. The key changes are for ε ∈ (1,∞), where in the general
case the effects of the Home agricultural productivity are ambiguous. Therefore, under ηh = 0,
the Home agricultural productivity unambiguously decreases the Home industrial labor share
and thereby decreases the transitional growth rate. Also, in the general case, we have the two
ambiguous effects, dxhN/dA

h Q 0 and dxhZ/dA
h Q 0, that under ηh = 0 become dxhN/dA

h > 0

and dxhZ/dA
h > 0.

Thus, eliminating the Home subsistence requirement, we find that the effect of the Home
agricultural productivity is no longer ambiguous even when the elasticity of substitution be-
tween domestic and foreign agricultural products is greater than one. The intuition is that
the Home preferences become homothetic and thus the model no longer features a channel for
the changing consumption pattern of the Home representative household. Consequently, the
only force driving the reallocation of labor in each country is specialization due to international
trade. We summarize the result in Proposition 3.
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Proposition 3 (The effects of agricultural productivity without subsistence requirement) With
no subsistence requirement, the effects of agricultural productivity are as in the general case with
the only change that higher Home agricultural productivity unambiguously delays the Home take-
off and lowers the transitional growth rate when the elasticity of substitution between domestic
and foreign agricultural products is greater than one.

Proof. Proved in the text.

4.4.2 Unitary elasticity of substitution (ε = 1) or no agricultural trade (δh = 1)

We now consider the case in which the elasticity of substitution between domestic and foreign
agricultural goods is equal to one. The key implication of this restriction is that the Home
expenditure shares on agricultural goods are no longer functions of the prices of agricultural
goods; see equations (5) and (6). In this case, we have simply

(
bht
)(ε−1)/ε

= 1. The Home
industrial labor share becomes

(lhY )∗ =


1+ψh+(1−δh)γh

1+ψh+γh

(
1− η

Ah

)
0 ≤ xht ≤ xhN

1+ψh+(1−δh)γh

1+ψh+γh+ δh

1−θh
βhθh

µh
(ρh−λ)γh

(
1− η

Ah

)
xhN < xht <∞

. (47)

All effects running through prices have washed out. Consequently, the Home industrial labor
share is unambiguously increasing in its own agricultural productivity, Ah, and is independent of
the Foreign agricultural productivity, Af . Moreover, the Foreign industrial labor share becomes

(lfY )∗ =


1+ψf− ψf (1−δh)γh

ψh+γh(1−δh)
1+ψf+γf

0 ≤ xft ≤ xfN
1+ψf− ψf (1−δh)γh

ψh+γh(1−δh)

1+ψf+
1−θf+β

f θf

µf
(ρf−λ)

1−θf
γf+

βf θf

µf
(ρf−λ)

1−θf
ψf (1−δh)γh
ψh+γh(1−δh)

xfN < xft <∞
, (48)

which is independent of both its own agricultural productivity, Af , and the Home agricultural
productivity, Ah. The reason is that Foreign has no subsistence requirement, which is the only
channel left operating in equation (47) for the potential transmission of the effect of agricultural
productivity.
The equations describing the thresholds for variety-expanding and quality-improving innova-

tion are the same as in the general case, see equations (36) and (42). Therefore, an improvement
in the Home agricultural productivity reduces the Home thresholds for variety-expanding and
quality-improving innovation, hastening the takeoff and raising the transitional growth rate.
However, differently from the general case, now the improvement in the Home agricultural pro-
ductivity has no effect on Foreign. Furthermore, the Foreign agricultural productivity has no
effect on either Home or Foreign. In the even more special case δh = 1, there is no agricultural
trade, so we obtain these same results. The general intuition behind these two special cases is
that they mitigate the force of specialization due to international trade leaving only the chang-
ing consumption pattern of the Home household to drive the reallocation of labor within each
country. We summarize the results of this section in Proposition 4.

Proposition 4 (The effects of agricultural productivity with a unitary elasticity of substitu-
tion or without agricultural trade) If the elasticity of substitution between domestic and foreign
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agricultural goods is equal to one (or there is no agricultural trade), then: (i) higher Home
agricultural productivity hastens the Home takeoff and raises its transitional growth rate while
it has no effects on Foreign; and (ii) Foreign agricultural productivity has no effect on Home
and Foreign.

Proof. Proved in text.

5 Quantitative analysis

In this subsection, we calibrate the general model to data to perform a quantitative analysis.
Given that the analytical results on the effects of the Home agricultural productivity on its
economy are ambiguous, we conduct numerical experiments to examine these effects and see
how they differ across countries. We designate the US as Foreign and designate, respectively,
China and Japan, as Home in two separate numerical experiments. This setup is reasonable
because China and Japan are among the largest importers of US agricultural products while they
export a very small amount of agricultural products to the US, aligning with the assumption
of our theoretical model.20

The model features the following parameters {λ, ε, θh, θf , αh, αf , σh, σf , µh, µf , ρh, ρf , ψh, ψf ,
φh, φf , γh, γf , βh, βf , δh, Lh0/L

f
0 , η/A

h, Ah/Af}. We set the average population growth rate to
λ = 0.01. We follow Iacopetta and Peretto (2021) to set the subjective discount rate to a
conventional value of 0.03. The labor share of output is set to 0.67 in the US and Japan,
and 0.55 in China.21 We set the markup ratio to 1.3 for China, 1.4 for Japan, and 1.5 for
the US.22 According to Feenstra et al. (2018) and Bajzik et al. (2020), we set the elasticity
ε of substitution between domestic and foreign agricultural goods to 3. We follow Iacopetta
et al. (2019) to set the degree of technology spillovers to 1 − αh = 1 − αf = 0.833 and
the social return of variety to σh = σf = 0.25. Next, we calibrate the remaining parame-
ters {ψh, ψf , φh, φf , γh, γf , βh, βf , δh, Lh0/L

f
0 , η/A

h, Ah/Af} by matching moments in the US and
China or Japan. After that, we conduct simulations to explore how agricultural productivity
affects economic growth.

5.1 China and the US

We first designate China as Home and United States as Foreign. We calibrate the parameters
{ψh, ψf , γh, γf , βh, βf , δh, Ahaver/Afaver} by matching the following moments for the period 1990-
2019: 1.0% for the agricultural consumption share of GDP in the US,23 42% for the consumption
share of GDP in China, 62% for the consumption share of GDP in the US, 12.5% for the
import share of GDP in China, 10.5% for the import share of GDP in the US, 66.5% for the
non-agricultural labor share in China,24 98.2% for the non-agricultural labor share in the US,
20China, Mexico, Canada and Japan are the top four importers of the US agricultural goods. However,

Canada and Mexico do not fit our model as they are not only major importers but also major exporters in
agriculture to the US.
21See Song et al. (2011), Backus et al. (2017) and Grossman and Oberfield (2021).
22See empirical estimates of the markup ratios in Fan et al. (2018), De Loecke et al. (2020), Lu and Yu

(2015) and Morrison (1992).
23Data source: Food and Agriculture Organization Data.
24Here we assume that the subsistence requirement is negligible in recent decades; i.e., η/Ah → 0.
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and 0.03 for the ratio of average agricultural output per agricultural worker between China and
the US.25 Furthermore, we calibrate Lh0/L

f
0 to 4.49 by using the ratio of the average population

in China and the US. We use the long-run TFP growth rates, which are 0.90% in China and
0.58% in the US, to calibrate the remaining parameters {φh, φf}.26 Finally, we calibrate the
initial value of η/Ah1978 by using the agricultural consumption share of GDP in China in 1978,
which is 29.2%.27 Table 3 summarizes the parameter values.

Table 3: Calibrated parameters (China and the US)
θh αh σh µh ρh ψh φh γh βh λ δh η/Ah1978

0.45 0.167 0.25 1.3 0.03 0.377 0.343 0.675 3.358 0.01 0.94 0.14
θf αf σf µf ρf ψf φf γf βf ε Lh0/L

f
0 Ahaver/A

f
aver

0.33 0.167 0.25 1.5 0.03 0.171 0.044 0.016 12.303 3.00 4.49 0.03

Figure 1 plots the historical value of agricultural output per agricultural worker in China,
which increases from 871 in 1978 to 6,510 in 2019.28 Agricultural productivity in China rises
steadily before the 1990s and then accelerates significantly from the early 1990s onward. Figure
2 plots the historical value of agricultural output per agricultural worker in the US, which in-
creases from 64,147 in 1978 to 133,916 in 2019. As agricultural productivity changes over time
in both China and the US, we calibrate the time-varying ratios Ah/Af and η/Ah from 1978 to
2019 (see Figure 3 and Figure 4).29 These changes can be considered as unanticipated perma-
nent shocks in our model. Then, we simulate the path of the technology growth rate driven
by simultaneous changes in agricultural productivity in both China and the US. As a counter-
factual comparison, we also simulate another technology growth path, for which agricultural
productivity Ah in China remains at its initial value in 1978.
Figure 5 shows the simulated paths of the technology growth rate in China. With improve-

ment in China’s agricultural productivity, the simulated growth rate in China gradually rises
from 1978 to early 1990s. Then, from the early 1990s onward, there is an acceleration in the rise
of China’s technology growth, as agricultural productivity in China experiences a rapid surge.
This rapid rise in agricultural productivity since the early 1990s triggers China’s earlier entry
into the era of quality-driven growth, leading to a higher growth rate thereafter. The simulated
growth rate rises from 0.13% in 1978 to 1.01% in 2019. Without improvement in agricultural
productivity, China would not enter the era of quality-driven growth until the early 2000s.
Furthermore, in the absence of agricultural productivity improvement in China, the simulated
growth rate rises from 0.13% to only 0.67% in 2019. Comparing these two cases, agricultural
productivity improvement in China is responsible for an additional increase in the growth rate
of 0.34%. In the data, the TFP growth rate in China increased from 0.24% in 1978-1999 to
1.19% in 2000-2019; therefore, our model with agricultural productivity improvement in China
accounts for over one-third of the increase in China’s TFP growth in this period.

25Data source: Food and Agriculture Organization Data.
26Data source: Federal Reserve Bank of St. Louis.
27Data source: Food and Agriculture Organization Data.
28In the quantitative analysis, we measure agricultural productivity in China, Japan and the US using the

value of agricultural output per agricultural worker, in constant 2015 US dollars. Data source: Food and
Agriculture Organization Data.
29Here we use (η/Ah1978)(A

h
1978/A

h) to calibrate the time path of η/Ah.

24



Figure 6 shows the simulated paths of the technology growth rate in the US. With the
improvement in agricultural productivity in China, the simulated technology growth rate in
the US slightly rises from 0.56% in 1978 to 0.62% in 2019. Without the improvement in
agricultural productivity in China, the simulated technology growth rate in the US decreases
from 0.56% in 1978 to 0.47% in 2019. In the data, the TFP growth rate in US increases from
0.53% to 0.62% during the same period. Therefore, the simulated US technology growth rate,
incorporating improvements in China’s agricultural productivity, aligns more closely with the
data. This also suggests that improvement in agricultural productivity in China contributes
positively to economic growth in the US, which is also consistent with our theoretical prediction.

Figure 1: Agricultural productivity in China. Figure 2: Agricultural productivity in the US.

Figure 3: Calibrated path of Ah/Af . Figure 4: Calibrated path of η/Ah.
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Figure 5: Simulated growth rate in China. Figure 6: Simulated growth rate in the US.

5.2 Japan and the US

We now designate Japan as Home and the US as Foreign. We calibrate the parameters
{ψh, ψf , γh, γf , βh, βf , δh, Ahaver/Afaver} by matching the following moments in the period 1990-
2019: 1.0% for the agricultural consumption share of GDP in the US, 53% for the consumption
share of GDP in Japan, 62% for the consumption share of GDP in the US, 17.1% for the
import share of GDP in Japan, 10.5% for the import share of GDP in the US, 95.0% for the
non-agricultural labor share in Japan,30 98.2% for the non-agricultural labor share in the US,
and 0.29 for the ratio of average agricultural output per agricultural worker between Japan and
the US.31 Furthermore, we calibrate Lh0/L

f
0 to the ratio of average population in Japan and the

US of 0.45. We use the long-run TFP growth rates, which are 0.53% in Japan and 0.58% in
the US, to calibrate {φh, φf}.32 Finally, we calibrate the initial value of η/Ah1978 by using the
agricultural consumption share of GDP in Japan in 1978, which is 4.1%.33 Table 4 summarizes
the parameter values.

Table 4: Calibrated parameters (Japan and the US)
θh αh σh µh ρh ψh φh γh βh λ δh η/Ah1978

0.33 0.167 0.25 1.4 0.03 0.328 0.106 0.076 7.909 0.01 0.86 0.003
θf αf σf µf ρf ψf φf γf βf ε Lh0/L

f
0 Ahaver/A

f
aver

0.33 0.167 0.25 1.5 0.03 0.171 0.044 0.016 12.303 3.00 0.45 0.29

In Figure 7, we plot the path of agricultural productivity in Japan, which increases from
16,283 in 1978 to 39,600 in 2019.34 The path of agricultural productivity in the US is given in
30As before, we assume that the subsistence requirement is negligible in recent decades; i.e., η/Ah → 0.
31Data source: Food and Agriculture Organization Data.
32Data source: Federal Reserve Bank of St. Louis.
33Data source: Food and Agriculture Organization Data.
34It is measured by the value of agricultural output per agricultural worker, in constant 2015 US dollars. Data

source: Food and Agriculture Organization Data.
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Figure 2. We calibrate the time-varying ratios Ah/Af and η/Ah from 1978 to 2019 (see Figure 8
and Figure 9) and then treat them as a sequence of unanticipated permanent shocks to simulate
the technology growth path. We also conduct a counterfactual experiment in which there is no
improvement in agricultural productivity in Japan by holding Ah constant at its initial level in
1978.
Figure 10 shows the simulated paths of the technology growth rate in Japan. In contrast

to the Chinese case, improvement in domestic agricultural productivity exhibits negative ef-
fects on the simulated growth rate in Japan. The simulated technology growth rate in Japan
decreases as its domestic agricultural productivity increases over time. With the improvement
in Japan’s agricultural productivity, the simulated growth rate declines from 0.60% in 1978 to
0.58% in 2019. Conversely, without the improvement in Japan’s agricultural productivity, the
simulated growth rate increases from 0.60% in 1978 to 0.64% in 2019. Comparing these two
cases, agricultural productivity improvement in Japan is responsible for an additional decrease
in the growth rate of 0.06%. The average TFP growth rate in Japan was 0.64% in 1978-1999,
and it declined to 0.46% in 2000-2019. Therefore, our model with agricultural productivity
improvement in Japan accounts for about one-third of the decline in TFP growth in Japan.
Figure 11 plots the simulated paths of the technology growth rate in the US. The improve-

ment in Japan’s agricultural productivity results in a slight increase in the simulated growth
rate in the US, from 0.56% in 1978 to 0.57% in 2019. In the absence of improvement in Japan’s
agricultural productivity, the simulated growth rate in the US declines from 0.56% in 1978 to
0.53% in 2019. As mentioned before, in the data, the TFP growth rate in the US increased
from 0.53% to 0.62% during this period. Therefore, the simulated US growth rate, when ac-
counting for the improvement in Japan’s agricultural productivity, aligns more closely with the
data. This also suggests that improvement in agricultural productivity in Japan contributes
positively to economic growth in the US.

Figure 7: Agricultural productivity in Japan.
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Figure 8: Calibrated path of Ah/Af . Figure 9: Calibrated path of η/Ah.

Figure 10: Simulated growth rate in Japan. Figure 11: Simulated growth rate in the US.

5.3 Discussion

In this section, we have calibrated our model to data in the US and its two major agricul-
tural importers: China and Japan. Then, we have performed quantitative analyses to explore
the overall growth effects of agricultural productivity in China/Japan on economic growth in
China/Japan and the US. Our counterfactual exercises reveal that improvements in agricultural
productivity in both Japan and China positively affect US growth, aligning with our theoretical
predictions.
Moreover, we find that agricultural productivity improvement in China and Japan can ex-

plain about one-third of the changes in domestic TFP growth. However, the quantitative effects
of agricultural productivity on domestic technology growth differ between China and Japan.
Specifically, in China, improving agricultural productivity increases its domestic technology
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growth, whereas this effect is negative in Japan.35 These drastically different implications can
be explained as follows.
First of all, it is useful to note that the calibrated values of δh for China and Japan are 0.94

and 0.86, respectively. Suppose we have the absence of agricultural trade (i.e., δh = 1). Then,
an increase in domestic agricultural productivity does not affect import substitution because
household only consumes domestic agricultural good. In this case, the presence of subsistence
agricultural requirement implies that an improvement in agricultural productivity releases labor
from the agricultural sector to the industrial sector, leading to a positive effect on technology
growth. This situation applies to China given its high calibrated value of δh = 0.94.
In the case of Japan, its calibrated value of δh = 0.86 is relatively low. In this case, the

higher level of agricultural imports in Japan implies that it has a stronger incentive for import
substitution due to the substitutability between domestic and imported agricultural products.
In this case, an increase in domestic agricultural productivity gives rise to agricultural import
substitution and leads to a reallocation of labor from the industrial sector to the agricultural
sector, leading to a negative effect on technology growth. Our quantitative results illustrate that
the degree of reliance on agricultural imports influences the effects of agricultural productivity
on economic growth.

6 Conclusion

In this study, we developed a two-country open-economy Schumpeterian growth model with
an agricultural sector to explore the role of agricultural productivity in the endogenous takeoff
of the economy and the subsequent path of economic growth. We find that agricultural trade
plays an important role in shaping the effects of agricultural productivity on innovation-driven
growth. Our theoretical results can be summarized as follows.
With agricultural trade and a subsistence requirement, higher domestic agricultural pro-

ductivity has ambiguous effects on the economy’s takeoff time and its transitional growth rate
if the elasticity of substitution between domestic and foreign agricultural goods is greater than
one. With no subsistence requirement, the ambiguity goes away: higher domestic agricultural
productivity delays the economy’s industrialization and lowers its transitional growth rate.
The reason is that higher domestic agricultural productivity increases the demand for domestic
agricultural goods and thereby increases the demand for agricultural labor. When domestic
and imported agricultural goods are highly substitutable, this specialization force pushes in
the opposite direction of the change in the pattern of domestic consumption, governed by the
subsistence requirement, which tends to release labor from agricultural production. The ten-
sion between these two forces explains the ambiguous result that we obtain in the general case
and why shutting down the subsistence requirement resolves the ambiguity: the latter force no
longer operates. In the absence of agricultural trade, the subsistence requirement on agricultural
consumption implies that an improvement in domestic agricultural productivity reallocates la-
bor from agricultural production to industrial production, hastening the economy’s takeoff and
raising the transitional growth rate. This is because in this scenario the specialization force
does not operate.

35These contrasting quantitative results are consistent with our empirical estimates for China and Japan in
Section 2.
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We investigated this mechanism empirically and quantitatively. In a cross-country panel-
data exercise, we find that agricultural productivity has a direct positive effect on economic
growth but this positive effect is weaker and can even become negative when reliance on agri-
cultural imports is suffi ciently high. In quantitative counterfactual exercises with the calibrated
model, we find that improvement in domestic agricultural productivity accounts for the rise and
fall of TFP growth in China and Japan, respectively, and also contributes to the rise of TFP
growth in their main trading partner, the US.
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A Data

Table A1: Summary statistics

Variables Observations Mean Sd Min Max

Log non-agricultural real GDP per capita 759 8.240 1.561 4.847 11.586
Log real GDP per capita 772 8.373 1.439 5.240 11.588
TFP index 523 0.984 0.186 0.334 2.184
Agricultural TFP index 667 0.937 0.189 0.309 2.238
Agricultural net import to production ratio 686 0.388 1.674 -0.978 20.482
Log cereal yields per hectare 772 10.062 0.718 7.458 11.910
Cereal import dependency ratio 772 0.351 0.327 0.000 1.000
Log capital stock 732 12.540 2.100 7.409 18.288
Government expenditure share of GDP 738 0.183 0.073 0.007 0.616
Capital depreciation rate 732 0.045 0.012 0.013 0.100
Human capital index 643 2.432 0.685 1.041 3.828

Data source: Food and Agricultural Organization Data for the ratio of agricultural net import to production,
cereal yields per hectare and cereal import dependency. U.S. Department of Agriculture for agricultural TFP.
World Bank Data for real GDP per capita and non-agricultural real GDP per capita. Penn World Table for
other variables.

B Intratemporal equilibrium

Substituting (10) into (7) yields
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where the second equality uses (14). We rearrange (B.1) as
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We use (4), (6) and (27) to obtain
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Then, we substitute (B.3) into (B.2) to obtain
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which holds at any time t. For brevity, we define the left-hand side of (B.4) as the following
function:

F (·) ≡
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We substitute (5), (9), (10), (11) and lhA,t + lhY,t = 1 into (14) to derive the industrial labor
share in Home as
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We substitute (6), (8), (9), (10), (11), (B.3) and lfA,t + lfY,t = 1 into (14) to derive
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Furthermore, we use (9), (10) and (11) to derive
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h
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f
A,t = pfA,t

(
qft +mh

t

Lht

Lft

)
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Substituting (B.8), (B.9) and ljA,t + ljY,t = 1 into (2), the asset-accumulation equations in Home
and Foreign can be expressed as

ȧht = (rht − λ)aht + wht l
h
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h
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. (B.11)

B.1 Intratemporal equilibrium: both Home and Foreign are in the
pre-industrial era

In the pre-industrial era, both ȧht and ȧ
f
t are zero due to the absence of asset accumulation

during this period. Therefore, (B.10) and (B.11) can be rearranged as
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Then, we substitute (4), (6) and (14) into (B.12) to derive
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which shows that cht /y
h
t is a function of b

h
t . Then, we substitute (4), (6), (14) and (B.3) into

(B.13) to derive
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which shows that cft /y
f
t is also a function of b

h
t . Substituting (B.6), (B.7), (B.14) and (B.15)

into (B.5), we re-express F (·) as
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in which bht is the only endogenous variable. We can further verify that F (·) is monotonically
increasing in bht for any ε ∈ (0,∞).36 Since (B.4) holds at any time t, bht must be equal to
a unique value (bh)∗ and remain constant. Consequently, according to (B.14) and (B.15), the
consumption-output ratios cht /y

h
t and c

f
t /y

f
t jump to their unique stationary levels.

B.2 Intratemporal equilibrium: Home is in the pre-industrial era
while Foreign is in the industrial era

As Home is still in the pre-industrial era, the expression for the steady-state cht /y
h
t is identical

to (B.14). When Foreign enters the industrial era (i.e., xft > xfN), variety-expanding innovation
takes place and the free-entry condition holds. Using aft = N f
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t and
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Then, we have
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We use (4), (6), (14), (B.3), (B.11), (B.17) and (B.18) to derive
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We combine (3) and (B.19) to obtain
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36See Appendix C for a detailed derivation.
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To simplify the expressions of the dynamic system, we define ςht ≡ yht /c
h
t and ς

f
t ≡ yft /c
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t .

Then we rewrite (B.14) as
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The dynamic system in (B.20) can be re-expressed as
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where we define the right-hand side of (B.22) as ς(ςft , b
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For brevity, we define the right-hand side of (B.23) as Γ. Substituting (B.21) into (B.23) yields
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For any ε ∈ (0,∞), the left-hand side of (B.24) increases from 0 to ∞ as bht increases from 0
to ∞, while it decreases from a finite value to 0 as ςft increases from 0 to ∞. Therefore, there
uniquely exists a function, ϑ(·), such that bht ≡ ϑ(ςft ), which is increasing in ς

f
t with ϑ(0) > 0

and limςft→∞
ϑ(ςft )→∞.

For ε ∈ (0, 1), given that ∂ϑ(ςft )/∂ς
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t > 0, it is straightforward to show that the right-hand

side of (B.22) is monotonically increasing in ςft (i.e., ∂ς(ς
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first solve (B.24) for ςft to obtain
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Then, substituting (B.25) into (B.22) yields

ς̇ft =
ψf
(
1 + ψh + γh

) [
(ρf − λ) + µf

βfθf
(1− θf )

]
Γ

(
bht
) 1
ε

[
δh(bht )

ε−1
ε + 1− δh

]
ψhδh(bht )

ε−1
ε + (ψh + γh)(1− δh)

− ρf − λ
1− θf

ψfγh(1− δh)
ψhδh

(
bht
) ε−1

ε + (ψh + γh)(1− δh)
− γf (ρf − λ)

1− θf
−
µf
(
1 + ψf + γf

)
βfθf

, (B.26)

39



which shows that ς̇ft is monotonically increasing in b
h
t . Given that b

h
t = ϑ(ςft ) is increasing in

ςft , ς̇
f
t is monotonically increasing in ς

f
t when ε ∈ [1,∞).

Given that ς̇ft is increasing in ς
f
t for any ε ∈ (0,∞), ςft jumps to its unique level and remains

constant if ς̇ft < 0 when ςft = 0 and ς̇ft > 0 when ςft → ∞. According to (B.22), ς̇ft is strictly
negative when ςft = 0, as the following inequality always holds:
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In addition, as ρf > λ, the following inequality
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(1− θf ) > 0, (B.28)

always holds, which suggests that ς̇ft is strictly positive when ς
f
t → ∞. Therefore, ςft jumps

to its unique level and remains constant. Since bht = ϑ(ςft ) is an increasing function of ς
f
t ,

bht must equal a unique value when ς
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t is constant. Furthermore, ς
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when bht is constant. Then we complete the proof that the dynamic system is stable. From
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their own unique level and remain constant. Specifically, when Home is the pre-industrial era
and Foreign is the industrial era,37 the expression for steady-state cht /y
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t is identical to (B.14),

and the expression for steady-state cft /y
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C Proofs

Dynamic optimization of the Home representative household. The current-value
Hamiltonian of the Home representative household is

Hh
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[
δh(qht − ηh)

ε−1
ε + (1− δh)(mh

t )
ε−1
ε

] ε
ε−1

+ ξht ȧ
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where ξht is co-state variable on ȧ
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37The proof for the case in which both countries are in the industrial era is relegated to an online appendix
available upon request.
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Then, we rewrite (C.2) as (5) and rewrite (C.3) as (6). In addition, we use (C.2) and (C.3) to
obtain (7).

Dynamic optimization of monopolistic firms. The current-value Hamiltonian of monop-
olistic firms is
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]
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where κjt (i) is co-state variable on Ż
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t and ζ
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= rjtκ
j
t (i)−κ̇jt (i).

(C.7)
If pjX,t(i) < µjpjY,t, then we have ζ

j
t(i) = 0 and pjX,t(i) = pjY,t/θ

j. If the constraint on pjX,t(i)
is binding, we have ζjt(i) > 0 and pjX,t(i) = µjpjY,t. As we employ the assumption that µ

j ∈
(1, 1/θj), the price of intermediate goodXj

t (i) is given by p
j
X,t(i) = min{µjpjY,t, p

j
Y,t/θ

j} = µjpjY,t.
Substituting (13), (C.6) and pjX,t(i) = µjpjY,t into (C.7) and imposing symmetry yield (20).

Industrial labor shares. Appendix B shows that endogenous variables cht /y
h
t , c

f
t /y

f
t and b

h
t

jump to their own unique level and remain constant. Also, it provides the expressions for the
industrial labor shares in Home and Foreign, as shown in (B.6) and (B.7). These expressions
include the consumption-output ratio cjt/y

j
t . We further derive more specific expressions of the

industrial labor shares across different eras in country j.
Substituting the pre-industrial consumption-output ratio cht /y

h
t (B.14) into (B.6) yields the

Home industrial labor share in the pre-industrial era:

lhY,t =
(1 + ψh)δh

(
bht
) ε−1

ε + (1 + ψh + γh)(1− δh)

(1 + ψh + γh)
[
δh
(
bht
) ε−1

ε + 1− δh
] (

1− η

Ah

)
; (C.8)

substituting consumption-output ratio cht /y
h
t in the industrial era into (B.6) yields the Home

industrial production labor share in the industrial era:

lhY,t =
(1 + ψh)δh

(
bht
) ε−1

ε + (1 + ψh + γh)(1− δh)[
1 + ψh +

1−θh+βhθh

µh
(ρh−λ)

1−θh γh
]
δh
(
bht
) ε−1

ε + (1 + ψh + γh)(1− δh)

(
1− η

Ah

)
. (C.9)
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In addition, we substitute the pre-industrial consumption-output ratio cft /y
f
t (B.15) into

(B.7) to derive the Foreign industrial labor share in the pre-industrial era:

lfY,t =

1 + ψf − ψf (1−δh)γh

ψhδh(bht )
ε−1
ε +(ψh+γh)(1−δh)

1 + ψf + γf
; (C.10)

and substitute consumption-output ratio cft /y
f
t in the industrial era (B.29) into (B.7) to derive

the Foreign industrial labor share in industrial era:

lfY,t =

1 + ψf − ψf (1−δh)γh

ψhδh(bht )
ε−1
ε +(ψh+γh)(1−δh)

1 + ψf +
1−θf+βf θf

µf
(ρf−λ)

1−θf γf +
βf θf

µf
(ρf−λ)

1−θf
ψf (1−δh)γh

ψhδh(bht )
ε−1
ε +(ψh+γh)(1−δh)

. (C.11)

Comparative statics of bht with respect to A
h and Af .

From (B.4) and (B.5), the following equality holds at any time t

F (·) ≡
(
bht
) 1
ε

ψf
[
δh
(
bht
) ε−1

ε + 1− δh
]

ψhδh
(
bht
) ε−1

ε + (ψh + γh)(1− δh)
Lft
Lht

cft /y
f
t

cht /y
h
t

lfY,t
lhY,t

=
δh

1− δh
1− θf

1− θh
Ah

Af
. (C.12)

The expression of F (·) varies depending on the era in which country j is situated, due to
the differentiated stationary values of consumption-output ratio between the pre-industrial era
and the industrial era. In the following, we prove that F (·) is determined by bht . Then we
discuss the monotonicity of F (·) with respect to bht . There are three cases: (1) both Home and
Foreign are in the pre-industrial era; (2) Home is in the pre-industrial era while Foreign is in
the industrial era; and (3) both Home and Foreign are in the industrial era.

Case 1: Both Home and Foreign are in the pre-industrial era. When Home and
Foreign are both in the pre-industrial era, we use cht /y

h
t in (B.14) and c

f
t /y

f
t in (B.15) to derive

cft /y
f
t

cht /y
h
t

=

1 + ψh + (1−δh)γh

δh(bht )
ε−1
ε +1−δh

1 + ψf − ψf (1−δh)γh

ψhδh(bht )
ε−1
ε +(ψh+γh)(1−δh)

1− θf

1− θh
. (C.13)

Then we use (C.8) and (C.10) to obtain

lfY,t
lhY,t

=
1

1− η
Ah

(1+ψh+γh)

[
δh(bht )

ε−1
ε +1−δh

]
(1+ψh)δh(bht )

ε−1
ε +(1+ψh+γh)(1−δh)

1+ψf+γf

1+ψf− ψf (1−δh)γh

ψhδh(bht )
ε−1
ε +(ψh+γh)(1−δh)

. (C.14)
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Substituting (C.13) and (C.14) into (B.5) yields

F (·) =
(
bht
) 1
ε

ψf
[
δh
(
bht
) ε−1

ε + 1− δh
]

ψhδh
(
bht
) ε−1

ε + (ψh + γh)(1− δh)
1

1− η
Ah

Lf0
Lh0

1− θf

1− θh
1 + ψh + γh

1 + ψf + γf
,

which can be rewritten as

F (·) =
ψf
[
δhbht + (1− δh)

(
bht
) 1
ε

]
ψhδh

(
bht
) ε−1

ε + (ψh + γh)(1− δh)
1

1− η
Ah

Lf0
Lh0

1− θf

1− θh
1 + ψh + γh

1 + ψf + γf
; (C.15)

and

F (·) =
ψf
(
bht
) 1
ε

ψh + γh(1−δh)

δh(bht )
ε−1
ε +1−δh

1

1− η
Ah

Lf0
Lh0

1− θf

1− θh
1 + ψh + γh

1 + ψf + γf
. (C.16)

(C.15) shows that F (·) is increasing in bht for ε ∈ (0, 1), and (C.16) shows that F (·) is increasing
in bht for ε ∈ [1,∞). Therefore, we complete the proof that F (·) is increasing in bht for any
ε ∈ (0,∞) when both Home and Foreign are in the pre-industrial era.

Case 2: Home is in the pre-industrial era and Foreign is in the industrial era.
When Home is in the pre-industrial era and Foreign is in the industrial era, combining cht /y

h
t

in (B.14) and cft /y
f
t in (B.29) yields

cft /y
f
t

cht /y
h
t

=

1 + ψh + (1−δh)γh

δh(bht )
ε−1
ε +1−δh

1 + ψf − ψf (1−δh)γh

ψhδh(bht )
ε−1
ε +(ψh+γh)(1−δh)

1− θf + βfθf

µf
(ρf − λ)

1− θh
. (C.17)

Then we use (C.8) and (C.11) to obtain

lfY,t
lhY,t

=
1

1− η
Ah

(1+ψh+γh)

[
δh(bht )

ε−1
ε +1−δh

]
(1+ψh)δh(bht )

ε−1
ε +(1+ψh+γh)(1−δh)

1+ψf+
1−θf+β

f θf

µf
(ρf−λ)

1−θf
γf+

βf θf

µf
(ρf−λ)

1−θf
ψf (1−δh)γh

ψhδh(bht )
ε−1
ε +(ψh+γh)(1−δh)

1+ψf− ψf (1−δh)γh

ψhδh(bht )
ε−1
ε +(ψh+γh)(1−δh)

. (C.18)

Substituting (C.17) and (C.18) into (B.5) yields

F (·) =
(
bht
) 1
ε

ψf
[
δh(bht )

ε−1
ε +1−δh

]
(1+ψh+γh)

L
f
0

Lh0

1−θf+β
f θf

µf
(ρf−λ)

1−θh
1

1− η

Ah[
ψhδh(bht )

ε−1
ε +(ψh+γh)(1−δh)

]1+ψf+
1−θf+β

f θf

µf
(ρf−λ)

1−θf
γf

+

βf θf

µf
(ρf−λ)

1−θf
ψf (1−δh)γh

,

which can be rewritten as

F (·) =
ψf
[
δhbht +(1−δh)(bht )

1
ε

]
(1+ψh+γh)

L
f
0

Lh0

1−θf+β
f θf

µf
(ρf−λ)

1−θh
1

1− η

Ah[
ψhδh(bht )

ε−1
ε +(ψh+γh)(1−δh)

]1+ψf+
1−θf+β

f θf

µf
(ρf−λ)

1−θf
γf

+

βf θf

µf
(ρf−λ)

1−θf
ψf (1−δh)γh

(C.19)
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and

F (·) =

ψf(bht )
1
ε (1+ψh+γh)

L
f
0

Lh0

1−θf+β
f θf

µf
(ρf−λ)

1−θh
1

1− η

Ahψh+
γh(1−δh)

δh(bht )
ε−1
ε +1−δh


1+ψf+

1−θf+β
f θf

µf
(ρf−λ)

1−θf
γf

+

βf θf

µf
(ρf−λ)

1−θf
ψf (1−δh)γh

δh(bht )
ε−1
ε +1−δh

. (C.20)

(C.19) shows that F (·) is increasing in bht for ε ∈ (0, 1), and (C.20) shows that F (·) is increasing
in bht for ε ∈ [1,∞). Then we complete the proof that F (·) is increasing in bht for any ε ∈ (0,∞)
when Home is in the pre-industrial era and Foreign is in the industrial era.

Case 3: Both Home and Foreign are in the industrial era. When both Home and
Foreign are in the industrial era, combining industrial-era consumption-output ratios cht /y

h
t and

cft /y
f
t in Lemma 1 yields

cft /y
f
t

cht /y
h
t

=

1 + ψh + (1−δh)γh

δh(bht )
ε−1
ε +1−δh

1 + ψf − ψf (1−δh)γh

ψhδh(bht )
ε−1
ε +(ψh+γh)(1−δh)

1− θf + βfθf

µf
(ρf − λ)

1− θh + βhθh

µh
(ρh − λ)

. (C.21)

Then we use (C.9) and (C.11) to obtain

lfY,t
lhY,t

=
1

1− η
Ah

1+ψh+
1−θh+β

hθh

µh
(ρh−λ)

1−θh
γh

δh(bht ) ε−1ε +(1+ψh+γh)(1−δh)

(1+ψh)δh(bht )
ε−1
ε +(1+ψh+γh)(1−δh)

1+ψf+
1−θf+β

f θf

µf
(ρf−λ)

1−θf
γf+

βf θf

µf
(ρf−λ)

1−θf
ψf (1−δh)γh

ψhδh(bht )
ε−1
ε +(ψh+γh)(1−δh)

1+ψf− ψf (1−δh)γh

ψhδh(bht )
ε−1
ε +(ψh+γh)(1−δh)

. (C.22)

Substituting (C.21) and (C.22) into (B.5) yields

F (·) =
(
bht
) 1
ε

ψf


1+ψh+

1−θh+β
hθh

µh
(ρh−λ)

1−θh
γh

δh(bht ) ε−1ε +(1+ψh+γh)(1−δh)

L
f
0

Lh0

1−θf+β
f θf

µf
(ρf−λ)

1−θh+β
hθh

µh
(ρh−λ)

1
1− η

Ah[
ψhδh(bht )

ε−1
ε +(ψh+γh)(1−δh)

]1+ψf+
1−θf+β

f θf

µf
(ρf−λ)

1−θf
γf

+

βf θf

µf
(ρf−λ)

1−θf
ψf (1−δh)γh

,

which can be rewritten as

F (·) =

ψf


1+ψh+

1−θh+β
hθh

µh
(ρh−λ)

1−θh
γh

δhbht +(1+ψh+γh)(1−δh)(bht )
1
ε

L
f
0

Lh0

1−θf+β
f θf

µf
(ρf−λ)

1−θh+β
hθh

µh
(ρh−λ)

1
1− η

Ah[
ψhδh(bht )

ε−1
ε +(ψh+γh)(1−δh)

]1+ψf+
1−θf+β

f θf

µf
(ρf−λ)

1−θf
γf

+

βf θf

µf
(ρf−λ)

1−θf
ψf (1−δh)γh

; (C.23)

and

F (·) =

ψf(bht )
1
ε

1+ψh+γh+

βhθh

µh
(ρh−λ)

1−θh
γh δh

δh+(1−δh)/(bht )
ε−1
ε

Lf0
Lh0

1−θf+β
f θf

µf
(ρf−λ)

1−θh+β
hθh

µh
(ρh−λ)

1
1− η

Ahψh+
γh(1−δh)

δh(bht )
ε−1
ε +1−δh


1+ψf+

1−θf+β
f θf

µf
(ρf−λ)

1−θf
γf

+

βf θf

µf
(ρf−λ)

1−θf
ψf (1−δh)γh

δh(bht )
ε−1
ε +1−δh

. (C.24)
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(C.23) shows that F (·) is increasing in bht for ε ∈ (0, 1), and (C.24) shows that F (·) is increasing
in bht for ε ∈ [1,∞). We complete the proof that F (·) is increasing in bht for any ε ∈ (0,∞)
when both Home and Foreign are in the industrial era.

The above analysis shows that, regardless of the phase in which Home and Foreign are, F (·)
can be considered as a function of bht . Furthermore, F (·) is increasing in bht for any ε ∈ (0,∞)
(i.e., F (bht

+

)). Recall that (C.12) holds at any time t:

F (·) =
δh

1− δh
1− θf

1− θh
Ah

Af
.

Therefore, a higher level of the agricultural productivityAh in Home (Af in Foreign) implies that
the value of F (·) is larger (smaller). Consequently, a higher level of agricultural productivity
Ah in Home (Af in Foreign) leads to a larger (smaller) value of bht .
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