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This study develops an open-economy Schumpeterian growth model with endogenous takeoff
to explore the effects of exports on the transition of an economy from stagnation to
innovation-driven growth. We find that a higher export demand raises the level of employ-
ment, which causes a larger market size and an earlier takeoff along with a higher transitional
growth rate but has no effect on long-run economic growth. These theoretical results are con-
sistent with empirical evidence that we document using cross-country panel data in which the
positive effect of exports on economic growth becomes smaller, as countries become more de-
veloped, and eventually disappears. We also calibrate the model to data in China and find that
its export share increasing from 4.6% in 1978 to 36% in 2006 causes a rapid growth accelera-
tion, but the fall in exports after 2007 causes a growth deceleration that continues until recent
times.
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“Globalization brought much of Asia out of extreme poverty.”
[The Economist (2009)]
1. Introduction

In the 20th century, many Asian economies started to develop rapidly via export-led growth. It was first Japan in the early
20th century and then the so-called “tiger economies” (Hong Kong, Singapore, South Korea, and Taiwan) in the 1960s. At the
end of the 1970s, China also opened up its economy and started to grow rapidly. More recently, the 21st century brought the
rise of the “tiger cub economies” (Indonesia, Malaysia, the Philippines, Thailand, and Vietnam). Events of this magnitude naturally
prompt the question: how does international trade affect the endogenous transition of an economy from stagnation to economic
growth? To explore this question, we develop an open-economy Schumpeterian growth model with endogenous takeoff. We find
that an increase in foreign demand for a country's exports gives rise to an earlier takeoff and a higher transitional growth rate of
the country's output per capita; however, it does not affect steady-state economic growth.
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The economic mechanism producing the results sketched above is that larger demand for a country's exports raises the
country's employment and thereby expands the size of its internal market. This expansion gives rise to an earlier takeoff by ac-
tivating innovation earlier and can even trigger an immediate takeoff.1 The reason is that the larger market size increases firm size
in the short run and thereby improves firms' incentive to invest in innovation. Post takeoff, as firms invest more in innovation, the
transitional growth rate of the country's output per capita rises. In the long run, however, entry of new firms in response to the
larger market size causes firm size to converge to a steady-state level that does not depend on the level of employment. As a re-
sult, export demand does not affect the steady-state growth rate. These theoretical results are consistent with empirical evidence
that we document using cross-country panel data. In our empirical analysis, we indeed find that the positive effect of exports on
economic growth becomes smaller as countries become more developed, and eventually disappears.

We also explore the quantitative implications of exports for the takeoff of the economy. We first derive a formula for the de-
rivative of the takeoff time with respect to the export share and find that the magnitude of the effect of exports on takeoff is de-
creasing in the population growth rate and the degree of labor intensity in production, but increasing in the level of labor and the
preference parameter for leisure. We then calibrate the model to data for China and find that an increase in the export share by
0.1 causes the transition to innovation-driven growth to happen over a decade earlier. Furthermore, the increase of China's export
share from 4.6% in 1978 to 36% in 2006 causes a rapid growth acceleration, while the fall in exports after 2007 causes a growth
deceleration that continues until recent times.

This study relates to the literature on innovation and economic growth. Romer (1990) is the seminal study that develops
the R&D-based growth model with variety expansion. Another seminal study is Aghion and Howitt (1992), which develops
the quality-ladder Schumpeterian growth model; see Grossman and Helpman (1991a) and Segerstrom et al. (1990) for
other early studies in this vein. Subsequent studies combine the two dimensions of innovation — variety and quality — to de-
velop the Schumpeterian growth model with endogenous market structure2; see Peretto (1998, 1999) and Smulders and van
de Klundert (1995) for the variant with creative accumulation and Howitt (1999) for the variant with creative destruction.3

Our study contributes to this literature by developing an open-economy version of the Schumpeterian model with endogenous
market structure and using it to explore the effects of international trade on the complete phase-transition dynamics of eco-
nomic growth.

This study also relates to the literature on international trade and innovation-driven growth. Early studies by Grossman and
Helpman (1990) and Rivera-Batiz and Romer (1991a, 1991b) develop two-country versions of the Romer model, whereas
Grossman and Helpman (1991b) develops a small-open-economy version; see Grossman and Helpman (1991c) for a textbook
treatment of this literature. All these studies belong to the first generation of R&D-based growth models in which the long-run
growth rate exhibits a counterfactual strong scale effect.4 Peretto (2003) develops a multi-country Schumpeterian growth
model with endogenous market structure that removes the strong scale effect. Subsequent studies apply the open-economy
Schumpeterian growth model to explore various issues, such as the cross-country effects of R&D subsidies in Impullitti (2010),
the cross-country effects of changes in the resource endowment in Peretto and Valente (2011), and the interaction between com-
parative advantage in Ricardian trade and innovation-driven growth in Ji and Seater (2020). This study contributes to this liter-
ature by developing a small-open-economy version of the Schumpeterian growth model with endogenous market structure
and endogenous takeoff to explore the effects of international trade on endogenous takeoff.

Finally, this study relates to the literature on endogenous takeoff and economic growth. The seminal study by Galor and Weil
(2000) develops unified growth theory to explain the endogenous transition of an economy from stagnation to growth5; see Galor
and Moav (2002), Galor and Mountford (2008), Galor et al. (2009) and Ashraf and Galor (2011) for subsequent studies and em-
pirical evidence that supports the theory and Galor (2005, 2011) for a comprehensive review of unified growth theory. A recent
branch of this literature examines the transition from stagnation to innovation-driven growth. Peretto (2015) develops a closed-
economy Schumpeterian growth model with endogenous takeoff. Subsequent studies by Iacopetta and Peretto (2021), Chu et al.
(2020a), Chu et al. (2020b), Chu et al. (2022a) and Chu et al. (2022b) explore different mechanisms, such as corporate gover-
nance, status-seeking culture, intellectual property rights, rent-seeking government and agricultural revolution, that affect endog-
enous takeoff in that Schumpeterian economy. This study contributes to this literature by developing an open-economy version of
the Peretto model to explore the effects of international trade on the transition of the economy from pre-industrial stagnation to
innovation-driven growth.

The rest of this study is organized as follows. Section 2 documents some stylized facts. Section 3 develops the model.
Section 4 presents our theoretical and quantitative results. Section 5 explores two extensions of the baseline model.
Section 6 concludes.
1 Examining data in the four tiger economies plus China and also India, Ang and Madsen (2011) find that innovation plays a key role for economic growth in these
Asian economies.

2 See Laincz and Peretto (2006), Ha and Howitt (2007) and Madsen (2008, 2010) for empirical evidence that supports this class of Schumpeterian growth models.
3 A recent study by Garcia-Macia et al. (2019) shows that innovation is mostly driven by quality improvement by incumbents (i.e., creative accumulation).
4 See Jones (1999) and Laincz and Peretto (2006) for a discussion of the strong scale effect.
5 See also Hansen and Prescott (2002) and Kalemli-Ozcan (2002) for other early studies on endogenous takeoff.
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Table 1
Effects of exports on economic growth.

GDP growth per capita GDP growth R&D growth

(1) (2) (3) (4) (5) (6)

Exportit 0.1630∗ 0.2041∗∗ 0.1877∗∗ 0.2287∗∗∗ 1.2162∗∗∗ 1.1198∗∗

(0.0929) (0.0787) (0.0890) (0.0801) (0.4167) (0.4367)
Exportit � yit −0.0150∗ −0.0188∗∗ −0.0176∗∗ −0.0216∗∗∗ −0.1059∗∗∗ −0.1005∗∗

(0.0083) (0.0076) (0.0079) (0.0079) (0.0341) (0.0374)
yit −0.0483∗∗∗ −0.0228∗∗ −0.0494∗∗∗ −0.0283∗∗∗ 0.0120 0.0282

(0.0092) (0.0087) (0.0091) (0.0077) (0.0270) (0.0989)

Control variables ✓ ✓ ✓

Country fixed effects ✓ ✓ ✓ ✓ ✓ ✓

Time fixed effects ✓ ✓ ✓ ✓ ✓ ✓

Observations 1128 529 1128 529 231 107

R2 0.4111 0.6047 0.4249 0.6040 0.3892 0.5443

Notes: ∗∗∗ p < 0:01, ∗∗ p < 0:05, ∗ p < 0:1. Robust standard errors in parentheses. Standard errors are clustered at the country level.
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2. Stylized facts

In this section we document an empirical relationship between exports and economic growth.6 We use the following regres-
sion specification:
6 See
tional t

7 We
8 We

noisy. In
are the
per capi

9 This
git ¼ κ1Exportit þ κ2Exportit � yit þ κ3yit þΦit þ ζ i þ ζ t þ εit ,
where git denotes the growth rate of real GDP, the growth rate of real GDP per capita or the growth rate of R&Dexpenditure in country
i at time t. Exportit is the ratio of exports to GDP, whereas yit is the initial level of income at time t measured by the log of real GDP per
capita. Our theory predicts that κ1 > 0 and κ2 < 0. In otherwords, exports have a positive relationshipwith economic growth, but this
positive relationship becomes weaker as the economy becomes more developed. Our theory also predicts that this positive relation-
ship eventually disappears and becomes insignificant as yit becomes large enough.

Φit denotes the following set of control variables: the log level of the capital stock, government spending as a share of GDP, the
real interest rate, and the capital depreciation rate. The variables ζ i and ζ t denote country fixed effects and time fixed effects, re-
spectively. Finally, εit is the error term.

Given that the cyclical fluctuations in annual data may bias our estimation, we consider five years as a period to remove these
fluctuations.7 We thus have a sample of up to 1128 observations covering 205 countries for 1991–2020, after merging data from
OECD Data, Penn World Table and World Bank Data. We provide the summary statistics of our data in Appendix A.

Table 1 features the following dependent variables: average annual growth rate of real GDP in columns (1)–(2); average an-
nual growth rate of real GDP per capita in columns (3)–(4); average annual growth rate of R&D expenditure in columns (5)–(6).
In all columns, the regression coefficient κ1 on exports is significantly positive, whereas the regression coefficient κ2 on the inter-
action term between exports and the income level is significantly negative.8

For example, in column (4) the estimated coefficient on exports is 0.2287, which is statistically significant at the 1% level,
whereas the estimated coefficient on the interaction term is −0.0216, which is also statistically significant at the 1% level.
These results suggest that exports have a positive relationship with economic growth. However, this positive relationship becomes
weaker as the economy becomes more developed. Specifically, for a country with minimal GDP per capita, increasing exports by
1% is associated with an increase in the growth rate by 0.0953% (¼ 0:2287 � 0:0216� 6:1777), which is statistically significant at
the 1% level. For a country with average GDP per capita, increasing exports by 1% is associated with an increase in the growth rate
by 0.0313% (¼ 0:2287 � 0:0216� 9:1372), which is statistically significant at the 5% level. For a country with maximal GDP per
capita, increasing exports by 1% is associated with a decrease in the growth rate by 0.0273% (¼ 0:2287 � 0:0216� 11:8517),
but it is not statistically significant with a p-value of 0.14.9 Therefore, the positive effect of exports on economic growth becomes
smaller, as the level of income rises, and eventually disappears.

To alleviate potential endogeneity, we follow Feyrer (2019) and Nigai (2022) and construct an instrument for exports using
the gravity model. The intuition is that bilateral trade is heavily influenced by the distance between countries, which is not
Sachs and Warner (1995), Edwards (1998) and Frankel and Romer (1999) for empirical studies that also find a positive relationship between interna-
rade and economic growth.
also consider ten years as a period. In this case, most of the estimated coefficients remain significant at least at the 5% level. Results are available upon request.
have also considered total factor productivity (TFP) growth as our dependent variable, but the coefficients are insignificant perhaps due to TFP data being too
terestingly, our results are robust when we use our own simple measures of TFP growth. First, we compute TFP growth as gTFP ¼ gy � 0:33gk , where gy and gk
growth rate of GDP per capita and capital per capita, respectively. Second, we compute TFP growth as gTFP ¼ gy � 0:33gk � 0:67gh , where gh is human capital
ta; see for example, Klenow and Rodriguez-Clare (2005). Results are reported in Appendix A.
insignificant effect at maximal GDP per capita also applies to other columns.
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Table 2
Effects of exports on economic growth (IV).

GDP growth per capita GDP growth R&D growth

(1) (2) (3) (4) (5) (6)

predicted_Exportit 0.6699∗∗ 0.7684∗∗∗ 0.6389∗∗ 0.6607∗∗∗ 2.7289∗∗∗ 2.7307∗∗

(0.2838) (0.2322) (0.2817) (0.2235) (0.9069) (1.0693)
predicted_Exportit � yit −0.0674∗∗∗ −0.0772∗∗∗ −0.0640∗∗ −0.0638∗∗∗ −0.2346∗∗∗ −0.2306∗∗

(0.0255) (0.0211) (0.0253) (0.0201) (0.0768) (0.0871)
yit −0.0435∗∗∗ −0.0145∗ −0.0464∗∗∗ −0.0239∗∗∗ 0.0384 0.0540

(0.0116) (0.0080) (0.0114) (0.0071) (0.0376) (0.0994)

Control variables ✓ ✓ ✓

Country fixed effects ✓ ✓ ✓ ✓ ✓ ✓

Time fixed effects ✓ ✓ ✓ ✓ ✓ ✓

Observations 886 508 886 508 214 105

R2 0.4195 0.6426 0.4317 0.6375 0.3650 0.5356

Notes: ∗∗∗ p < 0:01, ∗∗ p < 0:05, ∗ p < 0:1. Robust standard errors in parentheses. Standard errors are clustered at the country level.
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affected by economic growth. This makes both air distance and sea distance strong predictors of bilateral trade that can be used as
instrumental variables for exports. Specifically, using annual bilateral trade data we estimate the following gravity
regression10:
10 We
left out
11 Dat
ln Exportijk
� �

¼ ϑair,t � ln airdistij
� �

þ ϑsea,t � ln seadistij
� �

þ γij þ γt þ εijk,

� �

where k denotes the year and t denotes the 5-year period. ln Exportijk denotes the export flow from country i to j in year
k. ln airdistij

� �
denotes the log of air distance and ln seadistij

� �
denotes the log of sea distance between country i and j,11 whereas

ϑair,t andϑsea,t are their time-varying regression coefficients that change across periods.We also consider bilateral pair fixed effects
γij and period fixed effects γt to improve the predictive power of the gravity model.

Table A3 in Appendix A reports the results. The relationship between the predicted value of exports and the actual value of
exports are relatively strong with a F-statistic of 43.41, which is above the threshold of 10 for a weak instrument. We then follow
Frankel and Romer (1999) and Feyrer (2019) to aggregate the export flows to obtain the predicted value of aggregate exports in
each country for each 5-year wave as follows:
predicted_Exportit ¼ ∑
j≠i

exp ϑ̂air,t � ln airdistij
� �

þ ϑ̂sea,t � ln seadistitð Þ þ γ̂ij þ γ̂t

� �
:

We employ the identifying assumption that geographical bilateral distance across countries has no direct effect on economic
growth; therefore, the use of the predicted value of exports alleviates any endogeneity concerns. Hence, we use the value of ex-
ports predicted by bilateral distance as an explanatory variable to explore the effects of exports on economic growth. Table 2
reports the results. In columns (1)–(6), κ1 remains positive and statistically significant whereas κ2 remains negative and statisti-
cally significant. Therefore, our IV regression results are consistent with our baseline regression results, implying that exports in-
deed have a positive effect on economic growth but this positive effect becomes smaller as the economy becomes more
developed.
3. An open-economy Schumpeterian growth model

The Schumpeterian growth model with endogenous takeoff is based on Peretto (2015). That model features both the develop-
ment of new products and the improvement of the quality of existing products. The combination of the two dimensions of inno-
vation gives rise to the endogenous market structure that removes the strong scale effect. We convert the closed-economy model
into a small-open-economy version that preserves the tractability of the original model and enables us to solve analytically for the
transition dynamics of the economy from pre-industrial stagnation to modern growth.
follow Feyrer (2021) to exclude oil exporters due to their atypical trade patterns. Specifically, Egypt, Israel, Jordan, Syria, Sudan, Libya, Lebanon and Turkey are
of the sample; however, our results (available upon request) are robust to including these countries.
a sources: air distance data is from CEPII, and sea distance data is from CERDI.
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3.1. Household

A representative household has the following utility function:
12 We
U ¼
Z ∞

0
e− ρ−λð ÞtL0 lnct þ δ ln 1−ltð Þ þ ψ

ιtð Þ1−ε

1−ε

" #
dt;
where ε ∈ ½0, 1Þ. The parameter ρ > 0 is the subjective discount rate, ψ > 0 is the preference parameter for per capita consumption of
an imported good ιt , and ct is per capita consumption of a domestically produced final good, which is also the numeraire. δ > 0 is the
preference parameter for leisure 1 � lt , where lt is the supply of labor per household member. Finally, the parameter λ ∈ 0,ρð Þ is the
growth rate of the population, which evolves according to Lt ¼ L0eλt .

The asset-accumulation equation is
_at ¼ rt−λð Þat þwtlt−ct−ptιt ; ð1Þ
where at is the value of assets per household member and rt is the domestic real interest rate.12 Each household member supplies lt
units of labor to earn the wage wt . Finally, pt is the price of the imported good relative to the domestic final good.

Dynamic optimization yields the familiar consumption Euler equation
_ct
ct

¼ rt−ρ; ð2Þ
the (inverse) demand for the foreign good
pt ¼
ψct
ιtð Þε , ð3Þ

e supply of labor
and th
lt ¼ 1−
δct
wt

: ð4Þ
3.2. Domestic final good

The final good Yt is produced by competitive domestic firms. The production function is
Yt ¼
Z Nt

0
Xθ
t ið Þ Zα

t ið ÞZ1−α
t Ly;t=N

1−σ
t

h i1−θ
di; ð5Þ
where θ,α,σf g ∈ 0, 1ð Þ. There is a variety of Nt differentiated intermediate goods at time t. The quantity of each differentiated
intermediate good i ∈ 0, Nt½ � is denoted by Xt ið Þ, while the good's quality level is denoted by Zt ið Þ. The average quality across inter-

mediate goods is Zt ≡ 1
Nt

RNt

0 Zt ið Þdi and the parameter α determines the degree 1−α of technology spillovers. Production labor is de-

noted Ly,t and the specification Ly;t=N
1−σ
t captures a congestion effect 1−σ of variety that removes the strong scale effect for σ < 1.

Profit maximization yields the conditional demand functions for Ly,t ,Xt ið Þ� �
:

Ly;t ¼ 1−θð ÞYt=wt ; ð6Þ
� 	

Xt ið Þ ¼

θ
Pt ið Þ

1= 1−θð Þ
Zα
t ið ÞZ1−α

t Ly;t=N
1−σ
t ; ð7Þ

P ið Þ denotes the price of X ið Þ. Competitive firms pay ð1−θÞY ¼ w L for production labor and θY ¼ RNt P ið ÞX ið Þdi for
where t t t t y;t t 0 t t

intermediate goods.

3.3. Intermediate goods and in-house R&D

Each differentiated intermediate good i is produced by a monopolistic firm, which uses a linear one-to-one production
function. Specifically, the monopolistic firm employs Xt ið Þ units of the final good to produce Xt ið Þ units of intermediate good i.

Moreover, it incurs a fixed operating cost ϕZα
t ðiÞZ1−α

t in units of the final good, where ϕ > 0 is an operating cost parameter. To im-
assume that the domestic financial market is not integrated in the global financial market; see Section 4.5 for a discussion of this assumption.
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prove the quality Zt ið Þ of intermediate good i, the firm also invests Rt ið Þ units of the final good; the in-house R&D process is
13 Sym
_Zt ið Þ ¼ Rt ið Þ: ð8Þ
The profit flow (before R&D) of the firm at time t is
Πt ið Þ ¼ Pt ið ÞXt ið Þ−Xt ið Þ−ϕZα
t ið ÞZ1−α

t ; ð9Þ
where Pt ið ÞXt ið Þ is the firm's revenue. The value of the monopolistic firm is
Vt ið Þ ¼
Z ∞

t
exp −

Z s

t
rudu


 �
Πs ið Þ−Rs ið Þ� 

ds: ð10Þ
The firm maximizes Vt ið Þ subject to (7)–(9). We solve this optimization problem in Appendix B. The solution consists of the
monopolistic price set by the firm and of an expression for the rate of return to quality innovation.

The monopolistic price is Pt ið Þ ¼ min μ , 1=θf g ¼ μ, where μ ∈ 1, 1=θð Þ is the unit production cost of competitive firms that
can imitate the production of Xt ið Þ with the same quality Zt ið Þ as the monopolistic firm. Bertrand competition implies that the
monopolistic firm must charge the limit-price μ that is below the unconstrained profit-maximizing price 1=θ.

As shown in previous studies, the resulting equilibrium is symmetric with Zt ið Þ ¼ Zt and Xt ið Þ ¼ Xt for i ∈ 0, Nt½ �.13
Substituting Pt ið Þ ¼ μ in (7), and using the labor market clearing condition Ly,t ¼ ltLt , yields quality-adjusted firm size as
Xt

Zt
¼ θ

μ


 �1= 1−θð Þ ltLt
N1−σ

t
; ð11Þ
where lt is the employment ratio. This result suggests that we can express the dynamics of the economy in terms of the state
variable
xt ≡
θ
μ


 �1= 1−θð Þ Lt
N1−σ

t
: ð12Þ
In this notation, the rate of return to quality-improving R&D is
rqt ¼ α μ−1ð Þxtlt−ϕ½ �; ð13Þ
see Appendix B for the details of the derivation.

3.4. Entrants

To support the symmetric equilibrium at any time t, we follow previous studies and assume that new firms enter with quality
level Zt . Developing a new intermediate good and setting up the physical structure (plant and equipment) to serve the market
costs βXt units of the final good, where β > 0 is an entry-cost parameter. The asset-pricing equation that determines the rate
of return on assets is
rt ¼
Πt−Rt

Vt
þ

_Vt

Vt
: ð14Þ
The free-entry condition is
Vt ¼ βXt : ð15Þ
We substitute (8), (9), (11), (12), (15) and Pt ið Þ ¼ μ into (14) to derive the rate of return to entry as
ret ¼
1
β

μ−1−
ϕþ zt
xt lt


 �
þ
_lt
lt
þ _xt
xt

þ zt ; ð16Þ
where zt ≡ _Zt=Zt is the quality growth rate.
metry also implies ΠtðiÞ ¼ Πt , RtðiÞ ¼ Rt and Vt ðiÞ ¼ Vt .
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3.5. International trade

We consider a small open economy that sells abroad a constant fraction of its final output because we want to explore the
effects of exogenous changes in the export share. Specifically, the economy exports χYt units of the final good, where χ > 0 is
an export demand parameter, and uses the export revenue to pay for the imported good. The balanced-trade condition is
ptιt ¼ χyt , ð17Þ
where yt ≡ Yt=Lt is final output per capita.

3.6. Equilibrium

The equilibrium is a time path of allocations at , ιt , ct ,Yt , Ly,t , lt ,Xt ið Þ,Rt ið Þ� �
and a time path of prices rt ,wt , pt , Pt ið Þ,Vt ið Þf g such

that the following conditions are satisfied:

• the household chooses ιt , ct , ltf g to maximize utility taking pt , rt ,wtf g as given;

• competitive firms choose Ly,t ,Xt ið Þ� �
to produce Yt and maximize profit taking wt , Pt ið Þf g as given;

• a monopolistic firm produces Xt ið Þ and chooses Pt ið Þ,Rt ið Þf g to maximize Vt ið Þ taking rt as given;
• entrants make entry decisions taking Vt as given;
• the value of monopolistic firms is equal to the total value of household assets such that NtVt ¼ atLt;
• the labor market clears such that ltLt ¼ Ly,t;
• the balanced-trade condition holds such that ptιtLt ¼ χYt; and
• the domestic final-good market clears.

3.7. Aggregation

Substituting (7) and Pt ið Þ ¼ μ into (5), imposing symmetry and using Ly,t ¼ ltLt , yields the reduced-form production function
for the final good
Yt ¼
θ
μ


 �θ= 1−θð Þ
Nσ

t ZtLt lt : ð18Þ
The resulting growth rate of output per capita is
gt ≡
_yt
yt

¼ σnt þ zt þ
_lt
lt
; ð19Þ
where nt ≡ _Nt=Nt is the variety growth rate and zt ≡ _Zt=Zt is the quality growth rate.

3.8. Dynamics

As argued, we express the model's equilibrium dynamics in terms of the state variable xt defined in (12). Its law of motion is
given by
_xt
xt

¼ λ− 1−σð Þn xtð Þ; ð20Þ
where the function n xtð Þ describes the variety growth rate nt in the model's equilibrium. We construct the function in Appendix B.
Here, we highlight the properties that we use to obtain our main results.

Investment in either variety expansion or quality improvement is irreversible and thus subject to a non-negativity constraint.
Moreover, each form of investment is a sunk cost. Therefore, for each one, there exists a threshold of firm size below which the
return that it promises falls below the reservation interest rate of savers who are then not willing to finance it. We denote
these thresholds xN and xZ , respectively, and consider the case xN < xZ . Accounting for these thresholds and using a standard
no-arbitrage argument to construct our equilibrium, we find that n xtð Þ is zero for xt ≤xN and positive for xt > xN . When positive,
n xtð Þ is a decreasing function of xt with two branches: one that applies for xt ≤ xZ and the other that applies for xt > xZ . This
partition of the x axis allows us to represent the process described by (20) as consisting of the three phases discussed throughout
the paper.
7
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Appendix B shows that the dynamics of xt are globally stable if the following parameter condition holds:
14 In A
βϕ >
1
α

μ−1−β ρþ σλ
1−σ


 �� 	
> μ−1: ð21Þ
Specifically, given initial condition x0 < xN , the state variable xt gradually increases towards its steady-state value
x� ≡ argsolve
xt

λ
1−σ

¼ n xtð Þ
� �

;

crossing first the threshold xN and then the threshold xZ . This process gives us our story: the economy begins in a pre-industrial era in
which both the variety growth rate nt and the quality growth rate zt are zero because firm size xtlt is not large enough to support in-
novation. When firm size becomes large enough, the economy enters the first phase of the industrial era in whichmonopolistic firms
develop and bring to market new products (nt > 0). As firm size continues to grow, the economy enters the second phase of the
industrial era in which existing monopolistic firms improve the quality of their products (zt > 0). In the long run, the economy con-
verges to the balanced growth path with constant steady-state growth as xt converges to its steady-state value x∗.

To flesh out the details of the story, we begin with the characterization of equilibrium employment and consumption. As in
previous studies (such as Chu et al. (2022a) and Chu et al. (2022b)), we assume that in the pre-industrial era monopolistic
firms do not yet operate and competitive firms produce intermediate goods with the constant unit production cost μ, making
zero profit.14 As the economy enters the industrial era, monopolistic firms take over the existing markets and innovation starts,
first only variety expansion and then both variety expansion and quality improvement. The following proposition describes the
behavior of consumption and employment throughout this process.

Proposition 1. (Consumption and employment) Assume 1 � θ > χ. At any time t, the consumption ratio ct=yt and the employment
ratio lt are, respectively:
ct
yt

¼
1−θ−χ 0 ≤ xt ≤ xN
ρ−λð Þβθ

μ
þ 1−θ−χ xN < xt < ∞

8<
: ;

lt ¼ 1þ δ
1−θ

ct
yt


 �−1
¼ l� ¼

1þ δ
1−θ

1−θ−χð Þ
� 	−1

0 ≤ xt ≤ xN

1þ δ
1−θ

ρ−λð Þβθ
μ

þ 1−θ−χ
� 	� �−1

xN < xt < ∞

8>><
>>:
Proof. See Appendix B. □

These two results say that the employment and consumption ratios are always constant. This property is the reason why the
model's equilibrium dynamics reduce to the single-variable differential Eq. (20).

4. Export-led takeoff

In this section we explore how an expansion in export demand affects the transition of the economy from the pre-industrial
era without innovation to the industrial era with innovation. After providing analytical results, we calibrate the model to data to
perform a quantitative analysis in Section 4.5.

4.1. The pre-industrial era

In the pre-industrial era, firm size xtl
∗ is not large enough to support innovation. Consequently, the growth rate of output per

capita is gt ¼ σnt þ zt þ _lt=lt ¼ 0. The state variable xt follows
_xt
xt

¼ λ− 1−σð Þnt ¼ λ > 0
and thus grows exponentially. Thismeans that for initial condition x0 < xN , the state variable xt crosses the threshold xN in finite time.
ppendix C, we solve the model without this assumption to show that the dynamics becomes less realistic.

8
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4.2. The first phase of the industrial era

The first phase of the industrial era begins when the variety growth rate nt becomes positive. In Appendix B, we show that the
variety growth rate nt is
nt ¼
1
β

μ−1−
ϕ
xtl

�


 �
þ λ−ρ; ð22Þ
where l∗ is the constant value from Proposition 1. This expression says that variety growth nt is positive if and only if
xt > xN
�
χ
−

�
≡

ϕ
μ−1−β ρ−λð Þ 1þ δ

1−θ
ρ−λð Þβθ

μ
þ 1−θ−χ

� 	� �
: ð23Þ
The threshold xN is thus decreasing in the export share χ. Our mechanism, therefore, is that an expansion of export demand
reduces the threshold xN , and thereby gives rise to an earlier activation or even an immediate activation of innovation, because it
raises the employment ratio l∗ and thus firm size xtl

∗. The following Proposition summarizes this result.

Proposition 2. (Export share in the 1st phase) A larger export share χ leads to an earlier transition of the economy from pre-industrial
stagnation to innovation-driven growth and a higher transitional growth rate gt in the first phase of the industrial era.

Proof. Recall that xt increases at the exogenous rate λ in the pre-industrial era. Then, use (23) to show that the threshold
xN is decreasing in χ. Finally, use (22) to show that g ¼ σnt is increasing in l∗, which is increasing in χ as derived in
Proposition 1. □

We now use (20) and (22) to obtain
_xt
xt

¼ λ− 1−σð Þ 1
β

μ−1−
ϕ
xtl

�


 �
þ λ−ρ

� 	
: ð24Þ
This is a stable process with its own steady state x (shown in Appendix B). Under condition (21), however, the state variable xt
keeps rising because nt is below its steady-state value n� ¼ λ=ð1−σÞ throughout the interval xN ≤ xt ≤ xZ . This means that the
economy enters the second phase of the industrial era in finite time.

4.3. The second phase of the industrial era

As stated above, the economy eventually enters the second phase of the industrial era in which both quality growth (zt > 0)
and variety growth (nt > 0) take place. We combine (2) and (13) by setting rt ¼ rqt to derive
gt ≡
_yt
yt

¼ _ct
ct

¼ α μ−1ð Þxtl� χ
þ


 �
−ϕ

� 	
−ρ; ð25Þ
where the first equality uses the result from Proposition 1 that the consumption ratio is constant. Eq. (25) shows that for given xt , the
growth rate of output per capita gt is once again increasing in the export shareχ via firm size xtl

∗. In Appendix B, we derive separately
the quality growth rate zt and the variety growth rate nt .We then show that zt ¼ z xtð Þ is positive if and only if the state variable xt rises
above the threshold
xZ χ
−


 �
≡ arg

x
solve μ−1ð Þxl� χð Þ−ϕ

� 
α−

σ
βxl� χð Þ

� 	
¼ 1−σð Þρþ σλ

� �
: ð26Þ
As said, we set our parameters to ensure xN < xZ . The derivation in Appendix B shows that the state variable xt follows the law
of motion
_xt ¼
1−σ
β

1−αð Þϕ− ρ þ σλ
1−σ


 �� 	
1
l�
− 1−αð Þ μ−1ð Þ−β ρ þ σλ

1−σ


 �� 	
xt

� �
ð27Þ
and converges to the steady state
x∗ ¼ 1
l∗

1 � αð Þϕ � ρþ σλ= 1 � σð Þ½ �
1 � αð Þ μ � 1ð Þ � β ρþ σλ= 1 � σð Þ½ � > xZ : ð28Þ
9



A.C. Chu, P. Peretto and R. Xu Journal of International Economics 145 (2023) 103798
Substituting (28) into (25) yields the steady-state growth rate
g� ¼ α μ−1ð Þ 1−αð Þϕ− ρþ σλ= 1−σð Þ½ �
1−αð Þ μ−1ð Þ−β ρþ σλ= 1−σð Þ½ �−ϕ

� 	
−ρ > 0; ð29Þ
which shows that steady-state growth is independent of the employment ratio l∗ and thus of the export share χ due to the scale-
invariance property of the Schumpeterian growth model with endogenous market structure. Specifically, although steady-state eco-
nomic growth depends onfirm size x∗l∗, it is independent of the export shareχ because a larger employment ratio l∗ implies smaller x∗

via a largermass of firmsNt . Oneway to see this is to note that (28) yields that the product x∗l∗ is a constant independent of the export
share χ.

The next Proposition summarizes the effects of the export share in the second phase of the industrial era.

Proposition 3. (Export share in the 2nd phase) A larger export share χ leads to an earlier activation of quality innovation and a higher
transitional growth rate gt in the second phase of the industrial era but does not affect the steady-state growth rate g∗.

Proof. Use (25) to show that for given xt , growth gt is increasing in l∗, which is increasing in χ by Proposition 1. Then, use
(29) to show that g∗ is independent of l∗ and thus χ. □

4.4. Exports and the timing of the key events

Before moving on to the quantitative exercise, we bring together all the results in the previous sections to highlight what
novel aspects of the process of development our model can illuminate. Recall that we argued that the economy crosses the
thresholds xN and xZ in finite time. We denote the dates of these two key events TN and TZ , respectively. The next proposition
provides a formal result concerning these dates that illuminates the model's key mechanism.

Proposition 4. (Export share and activation times) For x0 < xN, the effects of the export share χ on the variety-growth activation time
TN and on the quality-growth activation time TZ are, respectively:
∂TN

∂χ
¼ −

1
λ

δl�

1−θ
< 0;

∂TZ

∂χ
¼ ∂TN

∂χ
:

For x0 > xN the effect of the export share χ on the quality-growth activation time TZ is
∂TZ

∂χ
¼ −

1
ν

x0
x−x0

δl�

1−θ
< 0;
where x ≡ ϕ
½μ−1−βðρ þ σλ

1−σÞ�l�ðχÞ and v ≡ 1−σ
β ½μ−1−βðρþ σλ

1−σÞ� > 0.

Proof. See Appendix B. □

The magnitude of the negative effect of the export share on the activation time TN is decreasing in the population growth rate
λ and the degree of labor intensity 1 � θ in production, but increasing in the employment ratio l∗ and the leisure preference pa-
rameter δ. The population growth rate matters because it determines how fast xt grows towards xN , whereas δl∗= 1 � θð Þ matters
because it determines the effect of the export share χ on the employment ratio l∗ and firm size xtl

∗.
The model has the property that if the initial condition is x0 < xN , the process features a transition time from xN to xZ that does

not depend on the export share χ (see the proof of the proposition for details). Consequently, the effect on the time of the first
phase transition TN is a summary statistic for the overall effect of the export share on the evolution of the economy. If, instead, the
initial condition is xN < x0 < xZ , the only possible effect is on the time of transition to the second phase and is governed by the
parameters regulating the speed at which the state variable xt moves in the first phase. These are the composite parameters ν and
x in the expression in the proposition (see the proof for details).

4.5. Quantitative application

We now calibrate the model to data for the Chinese economy. To set the stage for our analysis, it is useful to discuss briefly the
applicability of our model to China.
10



Fig. 1. a: Number of patent applications. b: R&D share of GDP.
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4.5.1. Some considerations: why China, why this model?
China is a suitable laboratory for our quantitative illustration because its takeoff has been largely export-led.15 In the late

1970s, China implemented several market-oriented reforms designed to stimulate economic growth. The reforms were successful
and China experienced a sharp growth acceleration. Naturally, economists took notice and studied the process in great detail; see,
among others, Bai et al. (2006) and Song et al. (2011).

Many argue that the initial acceleration of Chinese growth was largely driven by capital accumulation, a perspective that might
cast doubt on the relevance of our model since it does not feature the typical neoclassical rendition of capital accumulation. We
think that our model is actually very relevant. First, our quantitative analysis focuses on TFP growth, which is the residual of eco-
nomic growth after accounting for the accumulation of physical factors of production (capital and labor). To understand such re-
sidual, one needs a model of TFP growth, not of capital accumulation. Moreover, when a firm starts to produce a new good in our
model, it needs to set up a production plant with its equipment; i.e., it invests in a lump of capital. In this sense, an expanding
variety of products goes hand in hand with a specific form of capital accumulation that is not neoclassical but is capital accumu-
lation nevertheless.16

A related potential criticism is that some commentators claim that Chinese growth is mostly driven by absorption of foreign
technology, if not simple imitation or copying, while our model features innovation. In our judgment, Ang and Madsen (2011)
dispose of such claims: the evidence is that in fact, China (and several other Asian economies) also innovate.17 Moreover, what
is innovation in our model, especially variety expansion, can be interpreted as a mix of the transfer and adaptation of foreign
technologies to the local context and of the domestic development of novel technologies. We do not model explicitly the trans-
fer of technologies from abroad to keep things simple, but one can easily think of this process as being a part of variety growth
while the improvement of the quality of these products represents the emergence of domestic innovation as has been
witnessed in China since joining the World Trade Organization (WTO).18 For example, Fig. 1 shows that there is a drastic
surge in the number of patent applications and R&D share of GDP in China (relative to the US) around the time of China
joining the WTO.19

A final consideration concerns the relevance of our small-open-economy specification. Before China joined the WTO in 2001,
the size of its economy (US$1.21 trillion in 2000) was smaller than that of the UK (US$1.66 trillion in 2000),20 which is often
viewed as a small open economy. It wasn't until 2006 that the size of the Chinese economy caught up with that of the UK econ-
omy. Furthermore, we show that extending the model to a two-country setting leaves our story the same (see Subsection 5.2).
Finally, China's financial market is not integrated to the global financial market, making our assumption of a locally determined
interest rate rt valid. With these considerations in mind, we now turn to our quantitative exercise.
15 See Wan et al. (2007) and Yao (2014) for a discussion of Chinese growth and international trade.
16 In addition, in ourmodel, the cost of creating themarginal unit ofNt isβXt and one can think of the traditional Tobin's q as this costβXt . Indeed, the economics of the
accumlation ofNt in ourmodel is formally identical to that of capital accumulation in the neoclassical model. The only difference of substance is that ourmodel features
irreversible investment, capturing the idea that the set-up process is the embodiment of product-specific knowledge in a physical structure owned and operated by a
firm of non-negligible size.
17 They also provide evidence in favor of the second-generation Schumpeterian growth model, for which the model in this paper belongs to.
18 See Liu and Ma (2020) for empirical evidence.
19 See Hu et al. (2017) for a discussion on how big a share of these patent applications may reflect innovation.
20 The comparison here is based on the market exchange rate as we are comparing the market size of two economies for international trade, rather than domestic
purchasing power.
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Table 3
Calibrated parameter values.

λ θ ρ α σ μ β ϕ δ χ1978

0.009 0.500 0.030 0.167 0.250 1.300 5.076 0.177 1.515 0.046
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4.5.2. Calibration and counterfactuals
As mentioned, China started opening its economy at the end of the 1970s. In 1978, its export share of GDP was 4.6%. It then

rose to roughly 20% in 2000 and reached a peak of 36% in 2006 before falling below 20% in recent times.21 The average population
growth rate in China from 1980 to 2020 is 0.9%,22 and the labor share of output 1−θ in China is about 0.5,23 which is lower than a
typical Western economy. Furthermore, we set the share of time devoted to employment l∗ to 0.4, which is higher than a typical
Western economy due to the longer working hours in China. As for the leisure preference parameter δ, it is inversely related to
the equilibrium level of labor l∗. From Proposition 1, l� ≈ 1=ð1þ δÞ if c=y ≈ 1−θ, which are both roughly 0.5 in China. So, setting
δ ¼ 1:5, which corresponds to l∗≈1= 1þ δð Þ ¼ 0:40, is a reasonable back-of-the-envelope value. Then, we have
21 Dat
22 Dat
23 See
24 The
25 Dat
26 Dat
27 In th
28 See
∂TN

∂χ
¼ −

1
λ

δl�

1−θ
≈ 133;
which implies that an increase in the export share χ by 0.1 triggers an earlier transition to innovation-driven growth in China by
13.3 years.

In the rest of this section, we calibrate the entire model to the Chinese economy to perform a more complete quantitative
analysis. The model features the following set of parameters: λ, θ,ρ,α,σ , μ ,β,ϕ, δ,χf g.24 As before, we set the population growth
rate λ to 0.9% and the labor share 1−θ of output to 0.5. We set the discount rate ρ to a conventional value of 0.03. We follow
Iacopetta et al. (2019) to set the degree of technology spillovers 1−α to 0.833 and the social return of variety σ to 0.25. We
set the markup ratio μ to 1.3 according to the empirical estimates in Lu and Yu (2015), Fan et al. (2018) and Wen (2021).
Then, we calibrate β,ϕ, δf g by matching the following moments of the Chinese economy: 49.5% for the consumption share,25

1% for the average TFP growth rate,26 and 0.40 for the share of time devoted to work. Finally, the export share in China was
4.6% in 1978. Table 3 summarizes the parameter values.

Fig. 2 plots the path of the export share in China and shows that it rises from 4.6% in 1978 to 36.0% in 2006 before falling to
18.5% in 2020. Using this data, we compute a time path of χ and model the changes in χ as a sequence of unanticipated and
permanent changes (i.e., MIT shocks). Given this calibrated path of χ, Fig. 3 presents the simulated path of the technology growth
rate σnt þ zt and shows that it matches the HP-filter trend of the TFP growth rate in China reasonably well. Specifically, the tech-
nology growth rate gradually increased and was below 1% before China joined the WTO. After that, it accelerated sharply to above
2.5% in 2006, and then it kept falling as in the data.27

Fig. 4 presents again the simulated path of the technology growth rate, along with a simulated path of the growth rate without
changes in the export share (i.e., χ remains at its initial value of 0.046) and a simulated path of the growth rate in which the
export share χ hypothetically remains at its peak value of 0.36 after 2006. This figure shows that the rapid rise in the export
share since 1978 (and especially since joining the WTO) has caused a rapid growth acceleration in the Chinese economy. How-
ever, the fall in exports since 2007 has also caused a growth deceleration that continues until recent times.

Finally, Fig. 5 presents the decomposition of the simulated technology growth rate σnt þ zt in Fig. 3 into variety-driven growth
σnt and quality-driven growth zt . Our quantitative analysis shows that the Chinese economy did not feature quality-driven
growth until the mid-1990s. Before that, variety-driven growth was the driver of its slow technological progress. From our sim-
ulation results, we also find that without the rise in the export share since 1978 (i.e., χ remains at its initial value of 0.046 as in
Fig. 4), quality-driven growth would have remained inactive (i.e., the state variable xt remains below the threshold xZ) until 2040.
Fig. 5 also shows that after the mid-1990s, quality growth remained relatively unimportant to technological progress in China (de-
spite the rise in exports) until its entry to the WTO. After joining the WTO, quality-driven growth became the main driver of its
rapid technological progress, which coincided with the start of the Chinese government intervention in stimulating innovation in
1999.28 However, the fall in exports since 2007 has led to a rapid decline in quality-driven growth, which even becomes lower
than variety-driven growth during the recent decoupling of the China-US economies.

We conclude with an observation on the robustness of our main result. In our counterfactual “the export share remaining at
4.6%”, the specific channel for the effect of the export share differs depending on whether we assume that China is not yet or is
already in the first phase of the industrial era. In the first case, the entire sequence is delayed with the effect on the dates due to
TN going up and TZ � TN remaining the same. In the second case, the delay concerns only quality innovation and the effect is due
a source: World Bank Data.
a source: World Bank Data.
Bai et al. (2006).
import preference parameter ψ affects the equilibrium level of import ι but not the rest of the economy.
a source: CEIC Data.
a source: Federal Reserve Bank of St. Louis.
e last two years of the data, therewere the China-US tradewar and the COVID-19 pandemic, which are likely responsible for the strongly negative TFP growth.
Ding and Li (2015) for a detailed discussion.
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Fig. 2. Export share in China.

Fig. 3. Simulation and data.
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to TZ going up. Since the qualitative result is the same (i.e., China grows slowly for much longer), our qualitative story is robust to
the choice of the initial condition x0. In the calibration, we choose x0 > xN, but we could also choose x0 < xN without changing the
substance of our results. The choice of scenario boils down to an argument about when, exactly, the export share starts rising and
whether at that date China is not yet or is already in the first phase of the industrial era. The conclusion of this brief analysis is
that the story remains the same; namely, the path of the export share caused the transition to quality innovation to occur earlier
than otherwise and drove the subsequent hump-shaped evolution of TFP growth in China.
5. Extensions

In this section, we consider two extensions of our baseline model. In Section 5.1, we introduce an agricultural sector. In
Section 5.2, we convert our baseline small-open-economy model into a two-country model.
13



Fig. 4. Simulation and counterfactual.

Fig. 5. Decomposition into variety and quality growth.
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5.1. An agricultural sector

Like any typical macroeconomic model, our baseline model features a single final good. A model with a more realistic structure
of the economy would feature multiple final goods, such as an industrial final good and an agricultural final good. In this section,
we explore an extension of our model with an agricultural sector to explore the robustness of our results.29

Specifically, we modify the utility function of the household as follows:
29 The
U ¼
Z ∞

0
e− ρ−λð Þt lnct þ δ lnqt þ ψ

ιtð Þ1−ε

1−ε

" #
dt;
extension is essentially an open-economy version of the model in Chu et al. (2022b).

14



30 Our

A.C. Chu, P. Peretto and R. Xu Journal of International Economics 145 (2023) 103798
whereδ > 0 is now a preference parameter for the per capita consumption of an agricultural good qt .
30 For simplicity, we assume per-

fectly inelastic labor supply. The asset-accumulation equation becomes
_at ¼ rt−λð Þat þwt−ct−ptιt−pq;tqt ;

p is the price of the agricultural good. The optimality condition for agricultural consumption per capita is
where q,t
qt ¼
δct
pq,t

: ð30Þ
We follow Lagakos and Waugh (2013) and model the agricultural sector as competitive with production technology
Qt ¼ ALq,t , ð31Þ
where Qt is the aggregate output of the agricultural good and the parameter A > 0 determines the productivity of agricultural labor
Lq,t . Profit maximization yields
wt ¼ pq,tA, ð32Þ

equates the wage rate to the value of the marginal product of agricultural labor.
which
The rest of the model is the same except for the labor market clearing condition, which now reads
Lq,t þ Ly,t ¼ Lt : ð33Þ
With these modifications, quality-adjusted firm size is
Xt

Zt
¼ θ

μ


 �1= 1−θð Þ Ly;t
N1−σ

t
¼ xtly;t ; ð34Þ
which uses the definition of xt in (12) and the newly defined industrial labor share ly,t ≡ Ly,t=Lt . To solve the extendedmodel, we sim-
ply replace the employment ratio lt with the industrial labor share ly,t in all of the other equations. Combining (6) and (30)–(33)
yields
ly;t ¼ 1þ δ
1−θ

ct
yt


 �−1
;

the industrial consumption ratio ct=y is determined as before in Proposition 1. Finally, we replace lt with ly,t in (23) to derive
where t

the condition for the activation of innovation,
xt > xN χ
−


 �
≡

ϕ
μ−1−β ρ−λð Þ 1þ δ

1−θ
ρ−λð Þβθ

μ
þ 1−θ−χ

� 	� �
;

is identical to (23). Therefore, the addition of the agricultural sector does not change the structure of model's phase-transition
which
dynamics.

The last result seems to suggest that the mechanism in this extension is the same as in the baseline model; however, this is
not entirely true. Here, the higher export share χ of the industrial good causes a reallocation of labor from the agricultural sector
to the industrial sector. Despite the different microeconomic mechanisms, however, in both models the macroeconomic trigger of
the takeoff is the expansion in industrial production labor Ly,t .

This analysis assumes that the agricultural good is not exported. Allowing exports of the agricultural good does not change our
results as long as the expansion of the demand for industrial exports is not accompanied by a higher demand for agricultural ex-
ports. In this case, we obtain
ly;t χq
−

 !
¼ 1þ δ

1−θ
ct=yt
1−χq

 !−1

;

whereχq is the share ofQt exported and ct=yt is given by Proposition 1. This equation shows that an expansion in the export demand
χq for the agricultural good (holding constant the export demandχ for industrial goods)would lead to a reallocation of labor from the
results are robust to a subsistence parameter φ in δ lnðqt−φÞ as in Chu et al. (2022b).
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industrial sector to the agricultural sector, which then yields a smaller market size for the industrial sector and thus delays the acti-
vation of innovation.

5.2. A two-country model

In this section, we convert our baseline small-open-economy model into a simple two-country setting. The utility function of
the representative household in country j ∈ h, ff g is given by
31 Dat
U j ¼
Z∞
0

e− ρ−λ jð Þt lnc jt þ δ j ln 1−l jt
� �

þ χ j lnι jt
h i

dt;
where we have converted the quasi-linear utility function into log utility in ιjt to allow the balanced growth path to feature different
growth rates in the two countries. In this case, the demand for import consumption is
ιjt ¼
χjcjt
pjt

: ð35Þ
The rest of the economy in each country j is the same as before. In other words, the two economies only engage in trade in

final output Yh
t ,Y

f
t

n o
. Country h imports some units of Yf

t as import consumption ιht and exports some units of Yh
t to country f as

its import consumption ιft . The balanced-trade condition is
pht ι
h
t L

h
t ¼ ιft L

f
t , ð36Þ
where pht ι
h
t L

h
t is the value of country h’s imports and ιft L

f
t is the value of its exports.

This modification replaces the values of the consumption ratio in Proposition 1 with
cht
yht

¼

1 � θh

1þ χh
0 ≤ xht ≤ xhN

1 � θh þ ρ � λh
� �

βhθh=μh

1þ χh
xhN < xht < ∞

8>>>>><
>>>>>:

: ð37Þ
The consumption ratio is thus decreasing in the preference parameter χh. The reason is that stronger preference for the
imported good implies higher expenditure on imports, which must be matched by higher exports. Therefore, in equilibrium coun-

try h exports a larger share of its output Yh
t to country f and experiences a decrease in its consumption ratio cht =y

h
t . The reduction

in the consumption ratio cht =y
h
t in turn raises the equilibrium employment ratio
lht ¼ 1þ δh

1−θh
cht
yht

 !−1

:

Therefore, in our simple two-country extension, a stronger preference for the foreign consumption good χh gives rise to a
larger market size for the domestic industrial sector and thus to an earlier activation of innovation. The channel is the higher em-
ployment ratio exactly as in our baseline small-open-economy model.

Finally, we calibrate the two-country model to data on the economies of China and US to examine its quantitative implications.
We use the same moments from the Chinese economy to calibrate the set of country h ’s parameters:

ρ,λh, θh,αh,σh, μh,βh,ϕh, δh,χh
n o

. Then, we use the corresponding moments from the US economy to calibrate the set of

country f ’s parameters: λf , θf ,αf ,σ f , μ f ,βf ,ϕf , δf ,χf
n o

. The US population growth rate λf is also 0.9%.31 We set the labor

share 1 � θf of output to a conventional value of 2/3. We set the degree of technology spillovers 1 � αf to 0.833 and
the social return of variety σ f to 0.25 as before. We also set the markup ratio μ f to 1.3, which is within the range of em-

pirical estimates reported in Jones and Williams (2000). Then, we calibrate βf ,ϕf , δf ,χf
n o

by matching the following mo-

ments of the US economy: 60% for the consumption share, 1% for the average TFP growth rate, 0.33 for the share of time
devoted to work, and 10% for the average export share in the US. Table 4 summarizes the calibrated parameter values.

Fig. 6 presents the calibrated path of χh using the time path of export share in China. The calibrated value of χh is different
from before for the following reason. In the baseline model, the export share of output is χ. In the two-country model, the export
a source: World Bank Data.
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Table 4
Calibrated parameter values.

ρ λh θh αh σh μh βh ϕh δh χh
1978

0.030 0.009 0.500 0.167 0.250 1.300 5.076 0.177 1.515 0.093

ρ λf θf αf σ f μ f βf ϕf δf χf

0.030 0.009 0.333 0.167 0.250 1.300 6.135 0.105 2.257 0.167

Fig. 6. Calibrated path of χh in China.
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share of output in country h is χhch=yh.32 Although the calibrated path of χh that we input into the model is different from before,
the simulated path of the technology growth rate σnh

t þ zht turns out to be the same as before. Specifically, the technology growth
rate gradually increased prior to China joining the WTO and then accelerated sharply until 2006 before falling to pre-WTO level
recently. From (37), we can rewrite the consumption-output ratio in country h as
32 Rec
cht
yht

¼
ρ � λh
� �

βhθh

μh
þ 1 � θh � χh c

h
t

yht
ð38Þ
for xhN < xht < ∞. Given that the calibrated path of χ in the baseline model is the same as the calibrated path of χhch=yh in the
two-country model, the simulated path of ct=yt in the baseline model (see Proposition 1) is also the same as the simulated path of
cht =y

h
t in the two-country model in (38), which in turn implies that the simulated employment ratio lht and technology growth rate

σnh
t þ zht would also be the same as before (see Fig. 7).

6. Conclusion

In this study, we have developed a small-open-economy Schumpeterian growth model to explore the effects of exports on en-
dogenous takeoff and economic growth. We find that higher demand for a country's exports expands the size of the market for
the country's own production and thus causes an earlier takeoff and faster transitional growth. It does not affect, however, steady-
state growth due to the scale-invariance property of the Schumpeterian growth model with endogenous market structure. Using
cross-country panel data, we find supportive evidence for a positive effect of exports on economic growth that becomes smaller as
the level of income rises, until it eventually disappears as our theory predicts. Despite this neutral effect of exports on long-run
economic growth, we find a quantitatively significant effect of exports on the endogenous takeoff of the Chinese economy. This
finding suggests that the opening up of the Chinese economy at the end of the 1970s has been crucial for the transition to
innovation-driven growth; however, the fall in exports since 2007 has also caused a deceleration of such growth that continues
all from (35) and (36) that ι ft L
f
t =Y

h
t ¼ pht ι

h
t L

h
t =Y

h
t ¼ χhcht =y

h
t .
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Table A1
Summary statistics.

Variable Observations Mean Sd Min Max

Growth of real GDP 1128 0.033 0.035 −0.206 0.323
Growth of real GDP per capita 1128 0.018 0.033 −0.199 0.330
Growth of R&D expenditure 231 0.052 0.065 −0.152 0.296
Export share of GDP 1128 0.395 0.278 0.004 2.119
Log real GDP per capita 1128 9.137 1.167 6.178 11.852
Log capital stock 806 12.731 2.135 7.715 18.312
Government expenditure share of GDP 811 0.188 0.081 0.007 0.608
Depreciation rate 806 0.042 0.012 0.013 0.098
Real interest rate 650 0.063 0.083 −0.415 0.410

Data sources: Penn World Table for the capital stock and the depreciation rate. OECD Data for R&D expenditure. World Bank for others.

Fig. 7. Simulated path of σnh
t þ zht in China.
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until recent times. Finally, we stress that while we have focused on export-led growth as one of the mechanisms driving economic
development, we most surely do not rule out other important mechanisms, such as mass education, political institutions, and in-
vestment in capital and infrastructure. We simply consider their effects as independent from the effects of exports on economic
growth.

Data availability

ChuPerettoXu2023 (Original data) (Mendeley Data)
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Table A2
Using TFP as dependent variable.

TFP1 growth TFP2 growth

(1) (2) (3) (4)

Exportit 0.9035∗∗ 1.3242∗∗∗ 0.7769∗ 1.3351∗∗∗

(0.4006) (0.4974) (0.4414) (0.4666)
Exportit � yit −0.1036∗∗ −0.1493∗∗∗ −0.0943∗ −0.1614∗∗∗

(0.0438) (0.0535) (0.0483) (0.0493)
yit −0.0359 −0.0003 −0.0323 −0.0144

(0.0253) (0.0256) (0.0302) (0.0281)

Control variables ✓ ✓

Country fixed effects ✓ ✓ ✓ ✓

Time fixed effects ✓ ✓ ✓ ✓

Observations 794 523 634 406

R2 0.2198 0.3859 0.2395 0.4571

Notes: ∗∗∗ p < 0:01, ∗∗ p < 0:05, ∗ p < 0:1. Robust standard errors in parentheses. Standard errors are clustered at the country level. TFP1 growth:
gTFP ¼ gy � 0:33gk. TFP2 growth: gTFP ¼ gy � 0:33gk � 0:67gh.

Table A3
Gravity model estimation.

ln Exportijk
� �

ln airdistij
� �� I 1996 ≥ year ≥ 2000ð Þ −0.1012∗∗∗

(0.0188)
ln airdistij
� �� I 2001 ≥ year ≥ 2005ð Þ −0.2107∗∗∗

(0.0239)
ln airdistij
� �� I 2006 ≥ year ≥ 2010ð Þ −0.2165∗∗∗

(0.0267)
ln airdistij
� �� I 2011 ≥ year ≥ 2015ð Þ −0.2465∗∗∗

(0.0281)
ln airdistij
� �� I 2016 ≥ year ≥ 2020ð Þ −0.2212∗∗∗

(0.0298)
ln seadistij
� �� I 1996 ≥ year ≥ 2000ð Þ 0.0411∗∗

(0.0137)
ln seadistij
� �� I 2001 ≥ year ≥ 2005ð Þ 0.0683∗∗∗

(0.0176)
ln seadistij
� �� I 2006 ≥ year ≥ 2010ð Þ 0.0595∗∗

(0.0201)
ln seadistij
� �� I 2011 ≥ year ≥ 2015ð Þ 0.0901∗∗

(0.0214)
ln seadistij
� �� I 2016 ≥ year ≥ 2020ð Þ 0.1009∗∗

(0.0228)

Pair fixed effects ✓

Wave fixed effects ✓

F-statistic 43.408
Observations 541,946

R2 0.8109

Notes: ∗∗∗ p < 0:01, ∗∗ p < 0:05, ∗ p < 0:1. Robust standard errors in parentheses. Standard errors are clustered at the
country-pair level.

A.C. Chu, P. Peretto and R. Xu Journal of International Economics 145 (2023) 103798
Appendix B. Proofs

The firm's maximization problem. The current-value Hamiltonian of firm i is
Ht ið Þ ¼ Πt ið Þ−Rt ið Þ þ ηt ið Þ _Zt ið Þ þ ξt ið Þ μ−Pt ið Þ½ �; ðB1Þ
19
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where Zt ið Þ is the state variable, ηt ið Þ is the costate variable on _ZtðiÞ and ξt ið Þ is the multiplier on Pt ið Þ ≤ μ . We substitute (7)–(9) into
(B1) and derive
∂Ht ið Þ
∂Pt ið Þ

¼ 0 ⇒
∂Πt ið Þ
∂Pt ið Þ

¼ ξt ið Þ, ðB2Þ
∂Ht ið Þ
∂R ið Þ ¼ 0 ⇒ ηt ið Þ ¼ 1, ðB3Þ
∂Ht ið Þ
∂Zt ið Þ

¼ α Pt ið Þ−1½ � θ
Pt ið Þ
� 	1= 1−θð Þ Ly;t

N1−σ −ϕ
� �

Z1−α
t

Z1−α
t ið Þ ¼ rtηt ið Þ− _ηt ið Þ; ðB4Þ
If Pt ið Þ < μ , then ξt ið Þ ¼ 0. In this case, ∂Πt ið Þ=∂Pt ið Þ ¼ 0 yields Pt ið Þ ¼ 1=θ. If the constraint on Pt ið Þ is binding, then ξt ið Þ > 0. In
this case, we have Pt ið Þ ¼ μ . Then, the assumption μ < 1=θ implies Pt ið Þ ¼ μ . Substituting (B3), (12) and Pt ið Þ ¼ μ into (B4) and
imposing symmetry yield (13). □

Proof of Proposition 1. We use the labor demand (6) and the balanced trade condition (17) to reduce the pre-industrial-era
household budget constraint (1) to
ct
yt

¼ wtlt−ptιt
yt

¼ 1−θ−χ:
This value is positive if and only if 1 � θ > χ. In the industrial era, we use the entry condition Vt ¼ βXt to derive
at ¼
VtNt

Lt
¼ βXtNt

Lt
¼ βθ

μ
yt , ðB5Þ
which also uses θYt ¼ μXtNt . Differentiating (B5) with respect to t yields
βθ
μ

_yt ¼ _at ¼ rt−λð Þat þwtlt−ct−ptιt ¼ rt−λð Þat þ 1−θ−χð Þyt−ct ; ðB6Þ

uses (1) and the last equality uses (6) and (17). Then, we use (2) and (B5) to rearrange (B6) as
which
_ct
ct
−

_yt
yt

¼ μ
βθ

ct
yt

−
μ 1−θ−χð Þ

βθ
þ ρ−λ

� 	
;

implies that the consumption-output ratio jumps to the steady-state value c=y for x > x in Proposition 1. Next, we substitute
which t N

Ly,t ¼ ltLt and the labor demand (6) into (4) to obtain the employment ratio
lt ¼ 1þ δ
1−θ

ct
yt


 �−1
: ðB7Þ
Substituting the two stationary values of the consumption ratio into this expression yields the two stationary values of the em-
ployment ratio in Proposition 1. □

Derivation of the growth rates n and z. We use (2), (13), the fact that l∗ is constant and gt ¼ σnt þ zt þ l̇t
lt
to write the quality

growth rate as
zt ¼ α μ � 1ð Þxtl∗ � ϕ
�  � ρ � σnt : ðB8Þ
We then combine (2) with (16) and use Proposition 1 to write
gt ¼
1
β

μ−1−
ϕþ zt
xt l

�


 �
þ _xt
xt

þ zt−ρ: ðB9Þ
20
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We use gt ¼ σnt þ zt and (20) to rewrite this expression as
nt ¼
1
β

μ � 1 � ϕþ zt
xtl

∗


 �
þ λ � ρ: ðB10Þ
Substituting (B10) into (B8) yields zt ¼ z xtð Þ, which is positive if and only if xt > xZ , where
xZ χ
�


 �
≡ arg

x
solve μ � 1ð Þxl∗ χð Þ � ϕ

� 
α � σ

βxl∗ χð Þ
� 	

¼ 1 � σð Þρþ σλ
� �

: ðB11Þ
As said, we assume xZ > xN . Substituting (B8) into (B10), we obtain nt ¼ n xtð Þ. We then substitute it into (20) to derive the
non-linear dynamics of xt as
_xt ¼
1−σ

β−σ= xtl
�ð Þ 1−αð Þϕ− ρþ σλ

1−σ


 �� 	
1
l�
− 1−αð Þ μ−1ð Þ−β ρþ σλ

1−σ


 �� 	
xt

� �
; ðB12Þ
where xtl
∗ > αxZl

∗ > σ=β is ensured by (B11). Lettingσ= xtl
∗ð Þ ! 0 yields the linearized dynamics of xt in (27). Finally, xt converges to

x∗ given (21). □

Proof of Proposition 4. In the pre-industrial era xt follows the exponential process x
:

t
=xt ¼ λ. We solve this differential equation

for initial condition x0 < xN to obtain xt ¼ x0eλt . Setting the right-hand side at xN , we obtain the activation date
TN ¼ 1
λ

ln
xN
x0


 �
:

Using (23) and Proposition 1 we then have
∂TN

∂χ
¼ � 1

λ
1
xN

∂xN
∂χ

¼ � 1
λ

δl∗

1 � θ
:

In the first phase of the industrial era, xt follows the linear differential Eq. (24), reproduced here for convenience:
_xt ¼
1−σ
β

ϕ
l�
−

1−σ
β

μ−1−β ρþ σλ
1−σ


 �� 	
xt > 0: ðB13Þ
We denote the steady state of (B13)
x ≡
ϕ

μ � 1 � β ρþ σλ
1 � σ

� �� 
l∗ χð Þ ðB14Þ
and define the composite parameter
v ≡
1−σ
β

μ−1−β ρþ σλ
1−σ


 �� 	
> 0:
We then solve (B13) with initial condition x0, obtaining
xt ¼ x0 þ x−x0ð Þ 1−e−νt
� �

:

Setting the right-hand side equal to xZ give us the activation date of quality innovation.

We then have two cases.
21
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1. The economy starts from initial condition x0 < xN . Accounting for the pre-industrial era dynamics, we have
TZ ¼ TN þ 1
v

ln
x � xN
x � xZ


 �
:

From (23), (B11), (B14) and Proposition 1, we see that xN , xZ and x are all proportional to 1=l∗; therefore, the ratio
x � xNð Þ= x � xZð Þ is independent of l∗ and thus of χ. As a result, the effect of a change in χ in the pre-industrial era is
∂TZ=∂χ ¼ ∂TN=∂χ.

2. The economy starts from initial condition x0 > xN . In this case TZ is
TZ ¼ 1
v

ln
x � x0
x � xZ


 �
¼ 1

v
ln

1 � x0=x
1 � xZ=x


 �
,

x =x is independent of l∗ and x =x is increasing in l∗ as shown in (B14). Therefore, T is again decreasing in l∗ andχ. Specifically,
where Z 0 Z

using Proposition 1 we have
∂TZ

∂χ
¼ 1

v
x0=x

2

1 � x0=x
∂x
∂χ

¼ � 1
v

x0=x
1 � x0=x

1
l∗

∂l∗

∂χ
¼ � 1

v
x0

x � x0

δl∗

1 � θ
:

Appendix C. Monopolistic firms in the pre-industrial era

In this appendix, we consider an alternative assumption in the model in which monopolistic firms operate even in the
pre-industrial era. In this case, we need to assume that the initial value of xt is sufficiently large (despite being lower than xN).
Specifically,
x0 >
ϕ

μ−1ð Þl0
; ðC1Þ
where l0 is determined below in (C7). Eq. (C1) is equivalent toΠ0 > 0. Therefore, it is possible for monopolistic profits to be positive
in the pre-industrial era before the takeoff occurs.When nt ¼ 0, the entry condition in (15) does not hold. However, the asset-pricing
equation in (14) still holds and becomes
rt ¼
Πt

Vt
þ

_Vt

Vt
; ðC2Þ

Rt ¼ zt ¼ 0. We use at ¼ VtNt=Lt and nt ¼ 0 to derive _at=at ¼ _Vt=Vt−λ and then substitute this equation into (1) to
where
obtain
_Vt

Vt
−λ ¼ _at

at
¼ rt−λþwtlt−ptιt−ct

at
: ðC3Þ
Substituting (C2) into (C3) yields
ct ¼
Πt

Vt
at þwtlt � ptιt ¼

Nt

Lt
Πt þ 1 � θ � χð Þyt , ðC4Þ
where we have used at ¼ VtNt=Lt , ptιt ¼ χyt and wtlt ¼ 1 � θð Þyt . Then, substituting (9) and Pt ¼ μ into (C4) yields
ct ¼
NtXt μ � 1 � ϕZt=Xtð Þ

Lt
þ 1 � θ � χð Þyt ¼

θ
μ

μ � 1 � ϕ
xtlt


 �
yt þ 1 � θ � χð Þyt , ðC5Þ
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which uses θYt ¼ μNtXt and (11)–(12). Then, the consumption-output ratio from (C5) is
ct
yt

¼ θ
μ

μ−1−
ϕ
xtlt


 �
þ 1−θ−χ; ðC6Þ

would increase from 1−θ−χ to 1−θ−χ þ ðρ−λÞβθ=μ if firm size xtlt were to start from ϕ=ðμ−1Þ and increases towards
which
ϕ=½μ−1−βðρ−λÞ�. Finally, we substitute (C6) into (B7) and manipulate the resulting equation to obtain the equilibrium firm size
as follows:
xtlt ¼
xt þ

δϕ
μ

θ
1−θ

1þ δ 1þ θ
1−θ

μ−1
μ

−
χ

1−θ


 � ; ðC7Þ

is increasing in export demand χ for a given xt .
which
Given that the dynamics of xt is given by (20) and nt ¼ 0 in the pre-industrial era, firm size xtlt gradually increases towards

the threshold ϕ=½μ−1−βðρ−λÞ� to trigger the takeoff as before. The only difference is that as xt increases over time, lt in (C7)
gradually decreases (instead of jumping at the time of the takeoff). This additional dynamics of lt in the pre-industrial era
gives rise to negative growth in domestic output per capita before the takeoff, which is not as realistic as the dynamics in the
baseline model.
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