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Since China joined the WTO in 2001, the Chinese economy has grown very rapidly, espe-
cially, the tradable goods sector. However, the Chinese real exchange rate did not exhibit
a persistent and stable appreciation until 2005. This is a puzzling fact that is inconsistent
with theories. This paper documents several stylized facts during the economic transition
and argues that two features of Chinese economy may help explain the puzzling real
exchange rate pattern for Chinese economy: (i) the faster total factor productivity (TFP)
growth in export sector compared with the import sector; (ii) excess supply of unskilled
labor. Our hypotheses are supported by cross-country evidence. Furthermore, we construct
a small open economy model with an H-O trade structure and show that, due to heteroge-
neous skilled labor intensity in export and import sectors, the faster TFP growth in the
export sector over that in the import sector will lead to the decline of return to capital
and the rise of skilled wage. Therefore, the decrease of return to capital and the low
unskilled wage, which is caused by the excess supply of unskilled labor, inhibit the rise
in the relative price of non-tradable goods to tradable goods as well as the appreciation
of real exchange rate. Finally, we show that a dynamic small open economy model with
multiple tradable goods sectors does fairly well in explaining the Chinese real exchange
rate and other stylized facts in the economic transition.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction

This paper investigates how structural changes in the labor market and traded-good sector help to explain the puzzling
dynamics of the real exchange rate in Chinese economy. According to the Balassa-Samuelson (BS) effect (Balassa, 1964;
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Samuelson, 1964), a positive relationship should be observed between the economic growth and the appreciation of the real
exchange rate. The BS effect is driven by productivity catch-up in a developing country’s tradable sectors, which pushes up
factor prices and raises prices in non-tradable goods in the country. In the period of 2001–2007, China’s annual GDP growth
reached an average of 11.2% and its annual growth rate of total trade is close to 20.2%. However, the China’s real exchange
rate depreciated about 6.7% instead (labelled as Fact 1, see Figs. 1 and 2).

Several other stylized facts in China in this fast-growing period are also documented: significant current account surplus,
considerable migration from rural to urban areas, the sharp rise in skilled wage premium, and lastly uneven technological
progress within the tradable goods sector (see Figs. 1–6). The first four facts have been well documented in literature, but
the final one has not been noted yet. Using Chinese manufacturing data and Chinese custom data, we find that during the
period of 2001–2006, the TFP growth rate of the export sector is significantly higher than that of import sector.

How should we interpret these puzzling real exchange rate dynamics and the above stylized facts? The key to understand
is the structural change. As a developing country, there was excess supply of unskilled labor in China, which keeps the
unskilled wage at the minimum level. Assuming that the export sector is skilled labor intensive, the fast growing export sec-
tor would induce large migration from rural to urban areas, and the sharp rise in skilled wage premium, the Facts 3 and 4.
The import sector is more capital intensive. As the TFP growth rate of the export sector is significantly higher than that of
import sector (Fact 5), using Stopler-Samuelson theorem, the return to capital may even decline, which results in capital out-
flow and current account surplus (Fact 2). As the unskilled wage is at the minimum level and the capital return declines,
assuming that the non-tradable sector uses little skilled labor, therefore, the price of non-tradable good could decline in this
fast growing period, so that real exchange rate depreciates (Fact 1).1

To test our intuition, we further investigate the effect of the difference in the TFP growth of the export and import sectors
as well as of the excess labor supply from rural to urban areas on the real exchange rate in developing countries. We conduct
a panel regression in the period of 1996–2013 for 82 economies. We augment the conventional empirical models on the real
exchange rate by including two additional regressors: the urban–rural migration rate and the gap between the growth rates
of the export and import sectors. We find that an increase in migration rate by one standard deviation is associated with a
28% depreciation in the RER. If the migration rate is at the level of one standard deviation, then an increase in the growth rate
of the export sector relative to the import sector by one standard deviation is associated with a depreciation in RER of 3–4%.
These data evidences support that the structural changes in labor market and in tradable sectors contribute significantly to
the real exchange rate dynamics in developing countries.

We then develop a theoretical framework to study such effects of structural changes on the real exchange rate dynamics.
We first build two static models to explain the potential depreciation of the real exchange rate during this fast-growing per-
iod. We then develop a dynamic small open economy model with an Hecksher-Ohlin structure. We consider two tradable
sectors with heterogeneous factor intensity (the aforementioned H-O structure). We calibrate the model and show that
the model can effectively explain the dynamics of the Chinese real exchange rate and other stylized facts documented for
Chinese economy during transition, such as the significant increase in skilled labor premium. In the model, the rapid TFP
progress in the export sector, which is supposedly labor intensive in China, also results in capital outflow, as observed in
the Chinese data. To generate the depreciation of real exchange rate, both abundant unskilled labor supply and the uneven
technological progress within the tradable good sector are essential. However, due to the fast economic development, a
shortage of unskilled workers would be observed. This occurrence inevitably causes an increase in the unskilled wage, which
in turn boosts the prices of the non-tradable goods and then facilitates the appreciation of the real exchange rate. This
implies that the traditional Balassa-Samuelson (BS) mechanism works when there is no excess labor supply and the
unskilled wage start to rise. Overall, our simulation results suggest that the real exchange rate exhibits an V-shape, which
is the pattern observed in the Chinese data.2

Our paper is closely related to the literature on the determination of real exchange rate. In this literature, there are two
well-known theories. The first one is the BS effect; the second one is the Froot-Rogoff effect, which postulates that the real
exchange rate tends to rise with government consumption because government spending tends to fall disproportionately on
domestic non-tradable goods and services (Froot and Rogoff, 1991). According to Rogoff (1996), there are considerable,
although not unanimous, empirical supports for both the Balassa-Samuelson effect and the Froot-Rogoff effect. For example,
Beka et al., 2018 investigate the link between real exchange rates and sectoral TFP for Eurozone countries. They find that real
exchange rate variation, both cross-country and time series, closely accords with an amended Balassa-Samuelson interpre-
tation, incorporating sectoral productivity shocks and a labor market wedge. Recently, Du et al. (2013) argued that transport
infrastructure is an important determinant of the real exchange rate. The economic importance of the infrastructure effect is
almost on par with that of the well-known Balassa-Samuelson effect and is much greater than the Froot-Rogoff effect. In this
1 The heterogeneous skill intensity across tradable sectors is critical to account for the falling rental on capital thus the depreciating real exchange rate. As a
matter of fact, the heterogeneous skill intensity across tradable sectors are well-documented in Chinese data. Moreover, there are also other evidence that
supports the heterogeneous skill intensity among trade sectors and firms for other countries. For example, Bernard et al. (2007) for evidence for the U.S.,
Verhoogen (2008) for Mexico, Alcala and Hernandez (2010) for Spain, Bustos (2011) for Argentina, Molina and Muendler (2013) for Brazil, and Eslava et al.
(2015) for Colombia. In a recent work, Burstein and Vogel (2017) find strong evidence that the college intensity is positive correlated to the firm size.

2 Our benchmark model is simple; therefore, it can only match signs but not magnitudes. To match quantitatively with the Chinese data, we must
incorporate more realistic institution features or frictions into the model.



aspect, our paper also contributes to this literature, suggesting that migration and uneven development within tradable sec-
tors might be important in affecting the real exchange rate dynamics.

Our work is related to a small but growing literature that considers multiple tradable sectors with different factor inten-
sities in a general equilibrium framework. These papers include Cunat and Maffezzoli (2004), Ju and Wei (2007), Jin (2012),
Jin and Li (2012), and Ju et al. (2012, 2014). Nevertheless, none of the existing works in this literature explicitly studies the
real exchange rate. To our best knowledge, there are few theories that accounts for Chinese real exchange rate.3 Most of the
studies on the Chinese real exchange rate are empirical; for example, Cheung et al. (2009) examine whether or not the Chinese
exchange rate is misaligned and how Chinese trade flows respond to the exchange rate as well as to economic activity. Recently,
Du and Wei (2013) presented a model with competitive saving motivation to show that the rise of sex-ratio may help explain
the decline of the real exchange rate in China. In our model, the structure changes caused by uneven technological progress
within the traded goods sector and the migration of unskilled labor supply are the key to explaining the real exchange rate.
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From the perspective of structural change, Wang et al. (2013) also attempted to use structural change to explain the US-China
bilateral real exchange rate in a two-country model. However, they focused on the structural changes among agriculture, man-
ufacturing, and service sectors, unlike our work. Compared with their work, our paper investigates not only the real exchange
rate dynamics but also other stylized facts, such as capital outflow.

The rest of the paper is organized as follows. Section 2 documents the stylized facts during China’s fast-growing period.
Section 3 presents cross-country empirical evidence. Section 4 presents static small open economy models of real exchange
rate to show the model mechanism. Section 5 develops a dynamic model with an H-O structure to explain both the real
exchange rate and current account dynamics. Section 6 reports the numerical results. Section 7 concludes this study.
2. Stylized facts during the transition of Chinese economy

In this section, we document a few stylized facts regarding the Chinese economy during its fast-growing period that
began in 2000.

1. V-shape exchange rate dynamics, in particular, no real exchange rate appreciation was observed during the fast-growing
period (2001–2007)
Given the fact of maintaining a high growth rate over a long period in China, a persistent real appreciation should be
expected. Fig. 2 shows that, however, the Chinese real exchange rate did not appreciate persistently until 2007. In par-
ticular, we do not observe real exchange rate appreciation even after China joined the WTO in 2001 and the tradable sec-
tor expanded dramatically. Instead, the real exchange rate depreciated at a rate of approximately 6.7% from 2001 to 2007.
After 2007, the real exchange rate starts to appreciate. Thus, the real exchange rate exhibits a V-shape dynamics.

2. Significant trade balance and the rapid accumulation of foreign reserves
Since 2001, the Chinese economy has been increasingly integrated into the world economy during its development. The
share of international trade (export plus import) in GDP rose from less than 20% in the early 1980’s to almost 70% in 2007.
During the process of China’s integrating into the world, we observed a considerable trade imbalance that has increased
rapidly, especially in recent years. As illustrated in Fig. 3, the annual average of the trade imbalance increased sharply
when China joined the WTO; in 2007, China’s trade balance over GDP peaked at approximately 9%. Meanwhile, the coun-
try also holds huge amount of foreign reserves that consists of roughly 50% of GDP. Such a significant trade imbalance has
generated a major political and economic issue between China and its trading partners; this situation has also initiated a
series of policy debates and academic controversies.

3. Considerable migration of unskilled labor from rural areas to the urban industry
During China’s transition period, we observe the large-scale migration of unskilled labor from rural areas to the urban
industry. A total of 2 million migrant workers, most of which were unskilled laborers, first migrated in 1978; this number
surged up to 268 million in 2013. The mobilization of labor from rural areas provides an excess supply of unskilled labor
to the industry, which in turn contributed to the persistent growth of the Chinese economy. Due to rapid economic
growth, substantial reports or data have been presented regarding rising migrant wages (see Fig. 4), thus implying the
shortage of unskilled labor in China. For example, according to the survey conducted by the CSSA, only 32% of firms could
hire sufficient workers in 2007. At least one third of the firms experienced labor supply shortage, with a gap higher than
25%. Researchers such as Cai et al. (2007), Park et al. (2007), and Wang (2008), even argue that China has reached the
Lewis turning point.

4. Income inequality between skilled and unskilled workers
China’s economic transition is accompanied by increasing income inequality, especially in terms of wage inequality
between skilled and unskilled workers. Following Ge and Yang (2014), we use UHS data (1988–2012) to compute the skill
premium. The results are reported in Fig. 5, which also shows the trend of skill premium since 2000.4 This skill premium
increased considerably after China’s entrance into theWTO, as widely documented in literature. However, the trend reversed
in 2009; starting from this particular year, skill premium has declined rapidly from 0.474 to 0.393. 5

5. Higher TFP growth in exporting sectors than in importing sectors
The growth rate of tradable sectors in China has remained high since 2001. If we decompose the aggregate TFP growth by
sectors, the technological improvement across sectors follows the prevailing pattern of a fast-growing country, that is, the
tradable goods sector grows faster than non-tradable goods sector does. Moreover, using the Chinese manufacturing data
and Chinese custom data, we compute the average TFP growth rate in export and import sectors during the period of
2001–2006. Overall, the former is growing significantly faster than the latter is, as shown in Fig. 6. 6
4 Here the skilled labor includes high school and college education. We also compute the case in which skilled labor only covers those with college education,
and the obtained results are similar.

5 The decline of skill premium also implies that there is no more excess supply of unskilled labor relative to the supply of skilled labor.
6 Two methods (OP and ACF) are used to estimate sector-level TFP. The estimation process is detailed in Appendix. Results are similar in both method; for

simplicity, we report only the TFP estimated with the ACF method depicted in Fig. 6.



Fig. 3. Source: International Monetary Fund, Balance of Payments Statistics Yearbook and data files.

Fig.4.Source:Zhao
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3. Cross-country evidence

Conducting a full-fledged cross-country estimation for the determinant of the real exchange rate is beyond the scope of
this work. In this section, we present some empirical evidence supporting our aforementioned hypothesis, that is, the accel-
erated TFP growth in the export sector over that in the import sector and the abundant unskilled labor supply depress real
exchange rate appreciation.

3.1. Estimation equations

At this point, we investigate the effect of the difference in the TFP growth of the export and import sectors as well as of the
excess labor supply from rural to urban areas on the real exchange rate. We augment existing empirical models on the real
exchange rate by including two additional regressors: the urban–rural migration rate and the gap between the growth rates
of the export and import sectors. The latter is a proxy for the TFP difference between the export and import sectors. Conven-
tional panel regressions with country and year fixed effects are presented as well.

Our estimation specification is as follows:
and
log RERð Þi;t ¼ aþ b1migrationi;t þ b2diff eximit þ b3diff eximit �migrationi;t þ Xi;t þ di þ ft þ eit
Wu(2007)for2003–6;MinistryofAgriculture(2010) for2007–9.
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and 67 countries, as listed in Columns 1, 3–5, and 6, respectively. A list of countries is provided in the Appendix A for
Table A1. The definitions and descriptive statistics for key variables of interest are presented in Table 1; additional details,
including data sources, are shown in the Appendix A for Table A2.

Our independent variable is a country’s real exchange rate (RER). Our measure of RER is the real effective exchange rate
index of the International Monetary Fund, which is constructed by dividing the nominal effective exchange rate (a measure
of the value of a currency against a weighted average of several foreign currencies) with a price deflator or index of costs.
Since the nominal exchange rate enters the index in its inverse form, we inverse the term so that a rise in RER denotes real
depreciation; this notation is consistent with the conventional definition of the real exchange rate in our model. Note that
the base year is 2010; as a result, only changes in log of RER, rather than in its absolute value, matter in cross-country com-
parison. In panel data, this issue is absorbed by the country fixed effects.

We utilize two key regressors. The first one is the urban–rural migration rate. We adopted the method of regional science
to compute the country-level rural outmigration rate. The underlying assumption that total population growth does not
stray too far from natural urban population growth appears to be rather strong at first glance; however, a close look at evi-
dence suggests that the differences tend to be slight, at least for cross-country studies. The data for total population growth,
urban population growth, and urban ratio are all available in the World Bank’s World Development Indicator (WDI).

The second key regressor is an interaction term, which is the gap between the export and import growth rates multiplied
by the migration rate. According to our hypothesis, the technological improvement in the export sector alone does not
induce real exchange rate depreciation. It is the coexistence of abundant unskilled labor and uneven technological improve-
ment within tradable sectors is able to break down the Balassa-Samuelson effect. The data for export and import growth
rates both originate from WDI.

We follow existing literature on the determinants of RER and include the following control variables: income per capita,
government expenditure, net foreign assets, commodity terms of trade, real interest rate, and trade restriction. The detailed
data sources of these variables are listed in the Appendix A for Table A2.

3.3. Panel regression results

Table 2 reports the panel regression results. Both country fixed effects and year fixed effects are included. Following Du
et al. (2013), we re-scale all the regressors by their standard deviations in the sample so that the magnitudes of the coeffi-
cients on variables become comparable with one another. Robust standard errors are clustered by country.

As per Column 1 of Table 2, migration rate alone is included as the key regressor aside from the control variables. The
coefficient on migration is statistically significant and takes a positive sign. In accordance with our theory, an increase in
migration rate by one standard deviation is associated with a 28% increase in the RER. In comparison, an improvement in
per capita income by one standard deviation is associated with 49% real appreciation (Balassa-Samuelson effect). A rise in
government expenditure shares by one standard deviation is associated with an 7% appreciation in RER (Froot-Rogoff effect).
These estimates suggest that the economic significance of urban–rural migration can be greater than half the Balassa-
Samuelson effect and roughly four times stronger than the Froot-Rogoff effect.

According to Column 2 of Table 2, only export growth rate minus import growth rate is included aside from the control
variables. The coefficient takes the expected sign, although this value is not significant. Based on Column 3, the coefficients of
the two regressors do not change much when both migration rate and export growth rate minus import growth rate are
included. Nonetheless, the potential explanatory power of the new variable is highlighted by a substantial increase in R-
squared from approximately 0.20 to 0.35 and an enhancement in the significance level of the migration rate from 10% to 1%.

As per Column 4 of Table 2, an interaction term of migration rate and export growth rate minus import growth rate is
included aside from the two regressors and in combination with other control variables. The coefficient on the interaction
term is statistically significant and takes a positive sign, whereas the coefficient on migration rate is not significantly
affected. This outcome suggests that the gap between the export and import sectors in technological progress can only influ-
ence the RER through surplus labor. That is, when migration rate is equal to zero, the TFP growth gap within sectors has no
significant effect on real exchange rate. Specifically, if migration rate is at the level of one standard deviation, then an
increase in the growth rate of the export sector relative to the import sector by one standard deviation is associated with
Table 1
Definition and summary statistics of key variables for cross countries (1996–2013).

Variable Definitions Variable Names Obs Mean Std. Dev. Min Max

RER = Real Exchange Rate Log (100/REER⁄100) 1689 4.56 0.24 2.28 5.60
Migration Rate = (lt � qtÞut/(1-ut) Migration Rate 4278 0.98 5.51 �5.08 350.72
Export_Import_Developing = Export growth rate – import growth rate Diff_exim 2835 �0.26 7.50 �20.45 21.57
Log GDP per capita in 2011 PPP dollars Log GDP/capita 3942 8.98 1.22 5.02 11.84
GOV/GDP = (government expenditure/GDP) GOV/GDP 3676 16.19 7.96 2.05 156.53
Terms of Trade (ToT)= Net barter terms of trade index (2000 = 100) Terms of Trade 3105 108.17 32.19 21.22 262.09
Net Foreign Asset/GDP NFA/GDP 3126 0.25 0.82 �1.98 14.06
Real Interest Rate, in % Real Interest Rate 2565 8.14 20.07 -96.87 572.94
Tariff Rate = Trade weighted applied tariff rate, in percentage points Tariff Rate 2108 7.22 8.87 0.00 254.58

Data Sources: For detailed information on data sources and definition of terms, please refer to Appendix Table 2.



a depreciation in RER of 3%-4% (as suggested by the true model presented in Column 5); this occurrence is comparable with
the economic effect of the terms of trade. Furthermore, if migration rate is as high as two standard deviation levels, then the
influence of the TFP growth rate gap is also doubled, and so forth.

3.4. Robustness check

We acknowledge that there could be endogeneity problem resulting from simultaneity between RER and the growth of
export and import. Furthermore, we recognize that another instance of endogeneity can arise from the possibility that cur-
rent growth in export and import are not independent of past RERs. To control for such dynamic endogeneity and simultane-
ity, we employ the generalized method of moments (GMM) estimation procedure for dynamic panels as introduced by
Arellano and Bond (1991) to our panel. Past values of RER and export growth minus import growth are used as internal
instruments for current export growth minus import growth. This eliminates the need for external instruments (Wintoki,
et al., 2012).

First, we rewrite the regression model as a dynamic model that includes lagged RER as explanatory variables. Second, we
empirically examine how many lags are required. Glen et al. (2001) and Gschwandtner (2005) suggest that two lags are suf-
ficient to capture the persistence of dependent variables. To confirm if two lags can ensure dynamic completeness, we esti-
mate a model with three lags and find that indeed, the first lag alone is statistically significant; other lags are insignificant.7

Third, we apply the three higher lags of the endogenous variable, the Export_Import term as its own instruments. Finally, we
estimate a one-step dynamic GMM estimator with robust stand error clustering on countries. The results are appended in Col-
umn 6 of Table 2. The Arellano-Bond test for the AR(1) first-order serial correlation tests yields a p-value of 0.0003, as expected
for differenced errors. The AR(2) second-order serial correlation test generates a p-value of 0.1168 that fails to reject the null
hypothesis of no second-order serial correlation. The Sargan test of over-identification produces a p-value of 0.2612; therefore
we cannot reject the hypothesis that our instruments are valid.8 Our baseline results hold qualitatively in this dynamic panel
GMM regression setup, although the magnitude of coefficients varies slightly. We thus conclude that surplus labor and the
higher growth of the export sector relative to the import sector may depress RER appreciation.
4. Static models

In this section, we set up two static models to reveal the main channels that we focus in this paper. To highlight the role of
the two important features of China’s transition, namely, the excess supply of unskilled labor and the uneven technological
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4.1. Two-sector model with ‘‘Surplus Labor”

Underlying the Balassa-Samuelson effect is the wage linkage across sectors. The technological improvement in the trad-
able sector increases the marginal product of labor for workers and boosts real wages. Wages are equalized across sectors as
a result of labor mobility; therefore, wages in the non-tradable goods sector also increases and boosts the price for non-
tradable goods. In the process, real appreciation is observed along with TFP growth. Notably, the rise in wages is (growth.
channel to generate the Balassa-Samuelson effect in the benchmark model. This channel may be insignificant when we
observe abundant supplies of labor.

Consider a small open economy where the final good is a Cobb-Douglas aggregation of tradable and non-tradable goods.

The aggregate price is simply given by P ¼ PTð Þh PNð Þ1�h, where PT and PN (T refers to the tradable goods sector and N to the
non-tradable goods sector) are the prices of tradable and non-tradable goods, respectively. In such a setting, the real
exchange rate can be measured by the relative price of non-tradable to tradable goods. For simplicity, we regard the tradable
goods as the numeraire, and its price is normalized to 1 so that PN
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4.2. Three-sector model with ‘‘Surplus Labor”

In this section, we propose a novel mechanism through which the Balassa-Samuelson effect may fail and a rapid growing
economymay still experience real depreciation as well as current account surplus. To provide a transparent quantification of
this new channel, we now introduce the Hecksher-Ohlin structure into the model. In particular, there are two tradable sec-
tors that produce good 1 and good 2, and one nontradable sector that produces nontradable good 3. Skilled labor, unskilled
labor and capital are available for production. Now the productions in both tradable and nontradable sectors use all the three
factors. Therefore, the production functions in the four sectors are simply given by
Yit ¼ Ait
Nit

bi

� �bi Lit
ai

� �ai Kit

ci

� �ci
; ð4:8Þ
where i ¼ 1;2;Nf g denotes sector i;ai; bi, and ci are the unskilled labor income share, skilled labor income share, and capital
income share in sector i, respectively. More specifically, the two tradable sectors, sector 1 and sector 2, are export and import
sectors, respectively; sector N is the non-tradable sector.

Let pi denotes the price of goods i. Then firm’s optimal decisions on factor allocation give us
wtLit ¼ aipitYit; stNit ¼ bipitYit ; andrtKit ¼ cipitYit : ð4:9Þ

We can rewrite above Eqs. (4.9) as the following:
pit ¼
wtð Þai stð Þbi rtð Þci

Ait
: ð4:10Þ
Let x̂ ¼ DX=X denotes the ralative change of variable X. We can rewrite Eq. (4.10) as the following:
p̂it ¼ aiŵt þ bi ŝt þ ci r̂t � âit: ð4:11Þ
Since this is a small open economy, the prices of tradable goods, p1t and p2t , is exogenously determined by the world market.
Moreover, we focus on the scenario where there is excess labor supply. Therefore, wt ¼ wmin in equilibrium. Therefore, we
have
p̂it ¼ 0; ð4:12Þ
and
ŵt ¼ 0: ð4:13Þ
Put Eqs. (4.12) and (4.13) into (4.11), we have
r̂t ¼ �
1
b1
â1t � 1

b2
â2t

c2
b2
� c1

b1

; ð4:14Þ
Thus, as long as the export sector is relatively more unskilled labor intensive than the import sector, i.e., c2b2 >
c1
b1
, the increase

in A1t will lead to the decline of return to capital. This result is essentially a corollary from the Stolper-Samuelson theorem.
The intuition is straightforward: Since sector 1 is relatively more labor intensive, the technological progress in sector 1
reduces the relative demand of capital, and thereby leads to a fall in the rental rate of capital.

The price of non-tradable goods is endogenously determined, and it can be written as follows,
p̂N ¼
bN
b1

c2
b2
� cN

b1
c2
b2
� c1

b1

â1t þ bN

b2

cN
bN

� c1
b1

c2
b2
� c1

b1

â2t � â3t: ð4:15Þ
The above equation implies that as long as the skilled labor income share in the non-tradable sector, bN , is not too high, a
TPF growth in sector 1 can generate a decline in the price of non-tradable goods. Since the aggregate price is given by

P ¼ p1ð Þh1 p2ð Þh2 pNð Þ1�h1�h2 , where h1 and h2 are the shares of two tradable goods in the final goods, and both p1t and p2t

are exogenously given, a decline in p3t indicates a real depreciation. Thus, our mechanism provide an opposite prediction
on the real exchange rate compared to traditional Balassa-Samuelson effect.

In particular, define the skilled labor income share b�
N � cN

c2
b2. We need bN < b�

N so that our mechanism dominates. Note

that the condition bN > b�
N is equivalent to bN

cN
< b2

c2
. Therefore, as long as the non-tradable sector is less skilled intensive than

the import sector (and thus the export sector as well), the rapid growth in export sector induces the real depreciation. This
finding suggests that uneven technology progress within the tradable sector and the abundant labor supply may reverse the
Balassa-Samuelson effect.

We summarize the above findings as follows:



Proposition 2. With excess supply of labor, the technological improvement in the more (less) labor-intensive tradable sector will
lead to the decline (rise) of return to capital. Moreover, if non-trable sector is less (more) skilled intensive than the tradable sector,
the real exchange rate will depreciate (appreciate).
5. A three-sector dynamic general equilibrium model

The setup discussed above is simple and involves only the supply side of the economy. This setup can be used to analyze
the long-run trend of real exchange rates. However, such a framework, as interesting as it is, cannot be used to examine the
current account dynamics and other issues given that the demand side is neglected. As described in this section, we extend
previous static models to a dynamic setting and develop a theory of economic transition that is consistent with the empirical
facts documented in Section 2. We consider a small open economy that takes the prices of tradable goods as given.

We assume that the home country has an excess supply of unskilled-labor in addition to two tradable sectors and a non-
tradable sector. Three factors are available for production: skilled labor, unskilled labor, and capital. The tradable goods sec-
tors use all three factors, whereas non-tradable goods sector utilizes only unskilled labor and capital.10

5.1. Technology

The production functions in the three sectors are expressed as follows:
Yj ¼ Aj
Nj

bj

 !bj
Lj
aj

� �aj Kj

1� aj � bj

 !1�aj�bj

; j ¼ 1;2 ð5:1Þ

YN ¼ AN
LN
aN

� �aN KN

1� aN

� �1�aN
; ð5:2Þ
where N is skilled labor and L is unskilled labor. Sectors 1 and 2 are tradable goods sectors while sector 3 is the non-tradable
goods sector. Capital and labor are presumably mobile across sectors.11 In equilibrium, we have the following conditions:
wLj ¼ajpjyj; j ¼ 1;2 ð5:3aÞ
sNj ¼bjpjyj; j ¼ 1;2 ð5:3bÞ
rKj ¼ 1� aj � bj

� �
pjyj; j ¼ 1;2 ð5:3cÞ

wLN ¼aNpNyN ; ð5:3dÞ
rKN ¼ 1� aNð ÞpNyN; ð5:3eÞ
where pj ¼ wð Þaj sð Þbj rð Þ1�aj�bj

Aj
; j ¼ 1;2 and pN ¼ wð ÞaN rð Þ1�aN

AN
are the sector prices for tradable goods and non-tradable goods,

respectively.
We assume that there is a representative final goods producer, who aggregates the three sectoral goods into the final

goods, that is, Dt ¼ G D1t ;D2t ;D3tð Þ. For simplicity, we consider a Cobb-Douglas aggregation, Dt ¼ D1tð Þh1 D2tð Þh2 D3tð Þ 1�h1�h2ð Þ
h1ð Þh1 h2ð Þh2 1�h1�h2ð Þ 1�h1�h2ð Þ. Given

the aggregation structure, the consumer price index is simply given by P ¼ p1ð Þh1 p2ð Þh2 pNð Þ 1�h1�h2ð Þ. In such a setting, we can
simply define the real exchange rate as 1

p
1�h1�h2ð Þ
N

. 12

5.2. The household

The economy is inhibited by a continuum of identical and infinitely lived households that can be aggregated into a rep-
resentative household. The preference of the representative household over consumption can be summarized byP1

t¼0
~btU Ctð Þ, where Ct denotes the consumption of the final goods and ~bt is the discount factor between period 0 and t, as

given by
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where ~b0 ¼ 1 and b
C
� < 0. We assume that the endogenous discount factor does not depend on the consumption of an indi-

vidual household, but rather on the average per capita consumption C
�
, which an individual household takes as given. This

preference specification was originally proposed by Uzawa, 1968 and was introduced into the small open economy literature
by Mendoza, 1991.

The budget constraint and capital accumulation are expressed as follows:
PtCt þ PtIt þ PtBtþ1 þ Pt
w
2

Btþ1 � B
� �2 ¼ stNt þwtLt þ rtKt þ 1þ r�ð ÞPtBt; ð5:4Þ

1� dð ÞKt þ It ¼ Ktþ1: ð5:5Þ

where Nt denotes skilled labor, Lt indicates unskilled labor, and r� is the world interest rate, which is taken as given in our
small open economy setup.

The first-order conditions with respect to Ct;Ktþ1, and Btþ1 yield the following:
U0 Ctð Þ 1þ w Btþ1 � B
� �� � ¼ 1þ r�ð Þb C

�
t

� �
U0 Ctþ1ð Þ; ð5:6Þ

U0 Ctð Þ ¼ b C
�
t

� �
U0 Ctþ1ð Þ 1� dþ rtþ1

Ptþ1

� 	
: ð5:7Þ
By using Eqs. (5.6) and (5.7), we immediately obtain
1þ w Btþ1 � B
� � ¼ 1þ r�

1� dþ rtþ1=Ptþ1
; ð5:8Þ
Therefore, households will choose to purchase additional foreign assets when the domestic interest rate decreases, thus
resulting in capital inflow and current account surplus.

5.3. Characterization of equilibrium

Now we are ready to characterize a competitive equilibrium. We first denote the aggregate demand of domestic resi-
dences for final goods as below
Dt ¼ Ct þ It þ w
2

Btþ1 � B
� �2

: ð5:9Þ
Therefore, the domestic demands for tradable and non-tradable goods are given as follows, respectively,
D1t ¼h1
PtDt

p1t
; ð5:10Þ

D2t ¼h2
PtDt

p2t
; ð5:11Þ

DNt ¼ 1� h1 � h2ð Þ PtDt

pNt
: ð5:12Þ
Let production in each sector j be Yj. Then market clear condition for non-tradable goods requires:
YNt ¼ DNt: ð5:13Þ

The domestic factor markets also clear, implying that
N1 þ N2 ¼ N; ð5:14Þ

K1 þ K2 þ KN ¼ K; ð5:15Þ

L1 þ L2 þ LN 6 L: ð5:16Þ

We divide the transition of the economy into two stages. At the first stage when TFP level is low, there are abundant

unskilled labor, hence, L1 þ L2 þ LN < L. The wage of unskilled workers is fixed at the minium level wmin. As TFP keeps grow-
ing, the economy enters into the second stage and the excess unskilled labor supply disappears. The wage of unskilled work-
ers starts to grow with the technology improvement. To simplify the analysis, we assume that the wage of unskilled workers
w exogeneously increases as TFP grows at the second stage.

The pattern of unskilled labor wage is imposed exogenously in this section. We can endogenize such structure by intro-
ducing an agriculture sector into the economy. In the first stage, there exists excess unskilled labor in the agriculture sector,
which implies that the unskilled labor will only be compensated by minimum wage. When the economy enters into the
second stage, the unskilled labor constraint binds, and after which the unskilled wage rises endogenously with technology
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progress. In Technical Appendix B, we formally develop the extended model and show that the unskilled wage dynamics pre-
sents the same pattern as that assumed in this section.

Finally, a competitive equilibrium consists of a set of prices, allocation rules, and trade shares, such that: (1) given the
prices, all firm’s inputs satisfy the FOCs and the outputs are given by the production functions. (2) Given the prices, the con-
sumers’ demand satisfies the first-order conditions derived from the household’s problem, and the bonds holdings satisfy the
asset pricing rule (5.8). (3) The prices ensure the market clearing conditions for labor, capital, non-tradable goods, and the
household budget constraint.
6. Quantitative analysis

6.1. Calibration

Our model is calibrated at annual frequency. The parameter values are summarized in Table 3. We assume the period

utility function u cð Þ ¼ C1�c
1�c , where the inverse of the elasticity of intertemporal substitution c ¼ 2. The steady state discount

factor b ¼ 0:96, which implies a 4% annual world interest rate. Following Choi et al., 2008, the endogenous time discount

factor takes the function form b C
�
t

� �
¼ b

~Ct

C


 ��/
, where / ¼ 0:1.

We assume that non-tradable goods constitute approximately 50% of the final goods and that the tradable goods have
equal share in the final good; this implies that h1 ¼ h2 ¼ 0:25. We set the production parameters as follows:
a1 ¼ 0:35; b1 ¼ 0:35;a2 ¼ 0:1; b2 ¼ 0:1;aN ¼ 0:65 such that the average capital shares in the tradable and non-tradable goods
sector are 0.55 and 0.35, respectively;These shares are similar to those estimated from China’s input–output table in 2002.
The annual depreciation rate of capital dis set to 0:1. Following Schmitt-Grohe and Uribe (2003), the coefficient for bond
adjustment costs wb is set to 0:0007. For simplicity, the value of the skilled-labor supply N is normalized to 1.

It is assumed that sectoral productivity A1 ¼ A2 ¼ AN ¼ 1 in the initial steady state. We further choose the prices of trad-
able goods prices to make r ¼ r� so that B ¼ 0 in the initial period. Given the prices, we pin down the initial unskilled-wage,
which is assumed to be exogenous in the model. The numerical methods for solving steady state and transition dynamics are
presented in Technical Appendix A.
6.2. Results

As explained in this section, we evaluate the model quantitatively. Note that we are interested in the dynamics of the real
exchange rate and current account in an economy featured with abundant unskilled labor supply as well as the experience of
fast TFP growth in tradable sectors. Thus, we consider that our modeling economy starts from the initial steady state while
A1 ¼ 1and transits to the new steady state with A1 ¼ 1:04 while A2and AN remain unchanged.13 We solve the transition
dynamics with the shooting algorithm.
6.2.1. TFP shocks and wage structure
Based on the evidence we described in Section 2, the exporting sector generically grows faster than importing sector does

while China has maintained a high growth rate in the tradable goods sectors since 2001 (see Fig. 6). Moreover, the supply of
unskilled labor from rural areas has continually increased since the early 1990s, which drives the upward trend of skill pre-
mium. Significant controversies have arisen on whether or not China has reached the Lewis turning point, that is, whether or
not an excess supply of unskilled labor is detected. Interestingly, Bai et al., 2020 recently reported that the skill premium
began to decrease after 2008.

To capture the technological improvement in China after 2001, we normalize the TFP growth in both the import and non-
tradable goods sectors and consider permanent TFP growth in the export sector. In particular, the TFP in this sector increases
smoothly by 4%, whereas those of the other two sectors remain unchanged. Based on the aforementioned feature of the wage
structure in China, the wage of unskilled labor remains constant at the first stage of our modeling economy. The wage rate
starts to increase at the second stage. Eventually, both the TFP in the export sector and wage stop growing, and the economy
arrives at the new steady state.

As for the wage structure of unskilled labor, it presents different patterns as the economy grows. In particular, we can
divide the transition of the economy into two stages. At the first stage when TFP level is low, there are abundant unskilled
labor supply and thus the unskilled labor constraint does not bind. The wage of unskilled workers is fixed at the minium
level. As the economy keeps growing and enters into the second stage, the demand for unskilled labor is much higher so that
the excess unskilled labor supply disappears. The wage of unskilled workers then starts to grow with the technology
improvement.

The details of the TFP shocks and of the changes in wage structure are described in Fig. 7.
13 Since we normalize A2 and A3 in our simulation, our results of the variables can be interpreted as the departure from their long-run trend.
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Fig. 9 also illustrates the dynamics of exports, imports, foreign asset holdings, and current accounts. With the technolog-
ical improvement in the export sector, both the export and import sector expand and double in volume; this outcome is also
qualitatively consistent with Chinese data suggesting that trade expanded rapidly after 2001. Meanwhile, net export is pos-
itive; therefore, the economy starts to accumulate additional foreign assets. The holdings of foreign bonds holdings rise sig-
nificantly during this period from 0% to more than 3% of GDP. During entire periods with fast-growing TFP, the economy runs

http://data.worldbank.org/indicator/PX.REX.REER
http://data.worldbank.org/indicator/SP.POP.GROW
http://data.worldbank.org/indicator/SP.URB.GROW
http://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS
http://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS


Appendix B. Supplementary material

Supplementary data associated with this article can be found, in the online version, at https://doi.org/10.1016/j.jimonfin.
2020.102192.
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