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1 | INTRODUCTION

The first generation of political leaders of the People's Republic of China adopted a preferential policy for
promoting capital-intensive (heavy) industries from 1952 to 1978 (the prereform period). However, this
policy is unsuccessful at all.' In this paper, we argue that the catch-up aspiration of the first generation of
Chinese political leaders is important reason why such industrial policy is adopted. The main goal of this
paper is to investigate how the industrial policy implied by the catch-up aspiration affects sectoral resource
misallocation and economic growth. We find that the catch-up industrial policy causes resource misalloca-
tion and lowers measured aggregate TFP. Therefore, although output of the capital-intensive sector booms
initially, it will be lower than its first-best counterpart in the long run if the catch-up aspiration is too strong.
Our results are consistent with the experience of the Chinese economy during this prereform period.
Capital-intensive/heavy industries were chosen by the first generation of Chinese political leaders
as target industries to promote the output of these industries to the extent that was obviously unpropor-
tionate to their income levels.? Industrial policies can be very effective in promoting growth. Rodrik

'For example, during the entire period of 1952—1978, the GDP difference between China and US remained 12-fold.

“This also happens in other socialist countries. For example, in 1970, PPP-adjusted GDP per capita of Hungary, Poland and
Romania was roughly one third, one fifth and one eighth of that of the United States, but their crude steel output per capita
are 53%, 63% and 56% of that of the United States, respectively. As an extreme example, in 1970, North Korea’s GDP per
capita was simply 2.3 per cent of that of the United States, but surprisingly North Korea produced 28 per cent of the crude
steel output per capita of the United States. GDP data are from Feenstra et al. (2015). Crude steel output data are from
Department of Economic and Social Affairs, Statistical Office of the United Nations, Industrial Commodity Statistics
Yearbook 1975.
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(2004) argues that properly formulated industrial policies have an important role to play in promoting
growth. Aghion et al. (2015) show that industrial policies that foster competition could increase pro-
ductivity growth. However, if industrial policies are not well designed, as the industrial policy adopted
in prereform China, they could lead to resource misallocation and lower growth rates.’

An interesting question is that why did China adopt the industrial policy that targets capital-intensive/
heavy industries? A standard view believes that Chinese political leaders were mainly influenced by some
interventionism theories and then decided to adopt corresponding policies (Krueger, 1997).* However, this
view is not quite convincing in China. On the one hand, it was politically unacceptable to propagate west-
ern economic theories. So, we can hardly imagine that political leaders in China were influenced by the
above arguments. On the other hand, industrial policies were deeply influenced by the USSR's experience.
These policies were actually formulated in the 1930s before the interventionism theories began to prevail.

In fact, the catch-up industrial policy was more related to the trend of nationalism after World War II.
The popularity of nationalism could be traced back to the end of World War I and it deeply affected the
thoughts of most political and social elites in China and many other socialist countries. Under the influence
of nationalism, Chinese political leaders believed that their nations should give the first priority to the en-
hancement of their political and military power as well as international status as soon as possible in order
to survive in a world ruled by the jungle law. Catching-up with developed countries, in terms of the output
of capital-intensive/heavy industries, was considered as the milestone of achieving this goal. Consequently,
all kinds of distortionary policies to stimulate these industries were introduced. We name this kind of pref-
erence of political leaders as catch-up aspirations and will describe in detail in Section 2.

Political leaders in China design policies or establish institutions primarily based on goals of themselves,
their personal aspirations or even their own biases (Acemoglu et al., 2008a, 2008b; Eicher & Garcia-
Penalose, 2006).° As Rodrik (2014) argued, explicitly modelling the ideas and the resulting preferences of
politicians is necessary when it comes to policy choices. Our paper develops a two-sector neoclassical growth
model in which there is a government or politician who gains utility from not only the social welfare, but also
his/her own aspirations of catching up with developed countries in terms of the output of capital-intensive
industries.® Specifically, the preference of the government in our model is a combination of the catching-up-
with-the-Joneses preference and the social-status preference.7 This assumption is obviously different from the
literature on economic growth and development which always assumes the government to be benevolent, de-
voting itself to maximising the social welfare.

3For example, Rodrik (2004) points out that public support must target activities instead of sectors. The World Bank (2008)
argues that industrial policy should be agnostic about particular industries, leaving the remainder of the choice to private
investors as much as possible. Moreover, Harrison and Rodriguez-Clare (2010) find little support for industrial policies that
are ‘hard’ interventions.

*Most of these theories can be classified into three categories: structuralism, externality and imperfect competition.
Structuralism emphasises income growth due to structural movement of labour and capital from traditional sectors to modern
sectors (Chenery, 1958, 1960, 1975; Kuznets, 1966; Lewis, 1954). Externality theory suggests that government policies
should favour industries or activities that yield externality (Baldwin, 1969; Greenwald and Stiglitz, 2006; Hirschman, 1958;
Nunn and Trefler, 2010). Imperfect competition theory argues that government policies can tilt the terms of oligopolistic
competition to shift excess returns from foreign to domestic firms (Brander and Spencer, 1983, 1985).

SRecently, a fast growing literature argues institutions are fundamental for economic growth. See (Acemoglu et al., 2001,
2002; Acemoglu and Robinson, 2000, 2001; Eicher and Garcia-Penalose, 2008).

We use the government and the politician interchangeably.

"The catching-up-with-the-Joneses models use preferences that happiness depends at least in part on the comparison of one's
own consumption to that of the others (Abel, 1990, 1999). The ‘social status’ models argue that investors accumulate wealth
for the sake of not only consumption but also the wealth-induced social status (Cole et al., 1992; Zou, 1994).
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The assumption about the preference of the politician is crucial for our paper. With catch-up aspi-
rations, the politician has incentive to use his/her discretionary power to create a policy framework for
allocating resources to the prioritised capital-intensive sector similar to that of developed countries. In
particular, the government taxes the labour-intensive sector to subsidise the capital-intensive sector.
We name these taxes/subsidies (wedges) the catch-up industrial policy. The optimal catch-up indus-
trial policy is derived by solving the Ramsey allocation problem of the government (Chamley, 1986;
Judd, 1985). In this framework, the representative household and firms make their decisions taking the
government's policies as given. The government then chooses industry policies to maximise its own
utility.®

In the Ramsey allocation problem, the government has to balance the static and dynamic effects
of the catch-up industrial policy. The immediate (static) effect of an increase of tax/subsidy is that
the output of the capital-intensive sector jumps up. However, the aggregate TFP is smaller due to the
misallocation of resources across the two sectors, resulting from the distortionary industrial policy.
This effect lowers the final output and we show that the marginal return of capital is smaller as well
because of the lower TFP. Consequently, lower output discourages the accumulation of capital and
eventually the final output declines in the long run.

We show that if the degree of catch-up aspirations of the government is higher, the government will
choose higher tax/subsidy rate. Ultimately, the final output would be lower than its first-best counter-
part in the long run, although the output of capital-intensive goods might be larger. If the policy is too
distortionary (very high tax/subsidy rate), the output of the capital-intensive sector might be lower than
its first-best counterpart in the long run as well. These results are consistent with stylised facts of China
and many other developing countries that adopted the catch-up industrial policies. Recently, Rebeloforth
also study how growth is affected by distortionary taxes that reduce private incentives to invest.

1.1 | Related literature

Our paper mainly relates to four strands of literature. First, our paper joins a growing literature of
multi-sector growth and structural change models. Our model is developed based upon several multi-
sector growth models (Acemoglu & Guerrieri, 2008; Eicher & Turnovsky, 1999a; Galor, 1992;
Kongsamut et al., 2001; Ngai & Pissarides, 2007).” Galor (1992) fully characterised the dynamical
system of a two-sector (consumption and investment) overlapping-generation model. Eicher and
Turnovsky (1999a) developed a general two-sector growth model. We consider an infinite-horizon
growth model, instead of an overlapping-generation model, with the capital- and labour-intensive sec-
tor. Our model is essentially a variant of the Acemoglu and Guerrieri (2008) modified to capture
catch-up aspirations of politicians and the corresponding industrial policy.

The second strand is the literature on macroeconomic consequences of resources misallocation
at the microeconomic level (Buera et al., 2011; Buera & Shin, 2011, 2013; Hsieh & Klenow, 2009;
Jovanovic, 2014; Restuccia & Rogerson, 2008). Most, if not all, studies in this strand of literature
focus on the misallocation of resources at the firm/plant level. Our paper highlights the misallocation

8Rt:cently, Acemoglu et al. (2008c), Acemoglu et al. (2010) and Acemoglu et al. (2011) discussed the optimal fiscal policies
in the framework of the Ramsey allocation problem of the non-benevolent government. Our paper mainly focuses on the
government's behavior and industrial policy and thus omits political process between the government and voters.

“More recent development of this literature includes Eicher and Turnovsky (1999b), Eicher and Turnovsky (2001), Buera and
Kaboski (2009), Buera and Kaboski (2012), Buera et al. (2015), Lin et al. (2015), among others. See Herrendorf et al. (2013)
for a comprehensive discussion of the recent development of the structural transformation.



LIN ET AL. =
|

& The World Economy—W] ]_EYJLOS

R

at the sector level. The industrial policy in our model is distortionary, leading to the misallocation of
resources between the two sectors. One of our main contributions is to investigate the effect of this in-
dustrial policy and the resulting misallocation of resources on macroeconomic variables at the sector
and aggregate level.

Our paper also relates to the literature on macroeconomic implications of industrial policies.
Acemoglu et al. (2018) model industrial policies as exogenous subsidies/taxes on fixed operating
costs and investigate the implications of these industrial policies in a model of misallocation and
innovation with entry and exit of heterogeneous firms. The industrial policies in our model are also
subsidies/taxes, but are endogenously determined in the Ramsey problem of the government. Aghion
et al. (2015) show that only industrial policies that foster competition could increase productivity
growth.

Last but not the least, our paper is also related to the literature on economic development and
growth of the Chinese economy. The majority of this strand of literature focuses on the postreform
period. For example, Brandt et al. (2008), Brandt and Zhu (2010), and Dekel and Vandenbroucke
(2012) conducted quantitative analysis of structural change and sectoral growth of the postreform
Chinese economy. Song et al. (2011) examined the role of financial frictions to justify the features of
China's economic transition in the last three decades. Brandt et al. (2013) and Tombe and Zhu (2015)
investigated factor wedges across provinces and sectors in China after 1978. However, studies of the
prereform Chinese macroeconomy are rare. One exception is Cheremukhin et al. (2015), who develop
a quantitative two-sector neoclassical growth model with exogenous sectoral wedges. They find that
the sectoral labour wedge and TFP growth are the most important factors that account for GDP growth
and structural change in prereform China.'

Our paper differs from Cheremukhin et al. (2015) mainly in three aspects. First, they investigate
how sectoral wedges accounts for GDP growth and structural transformation in prereform China quan-
titatively. We study how the catch-up industrial policy (sectoral wedges) affects the prereform Chinese
economy in a theoretical model. Second, although both papers consider sectoral wedges as the driving
force, the sectoral wedges are exogenous in Cheremukhin et al. (2015) yet endogenous in our model.
Hence, the results of our model are not subject to the Lucas critique. "' Third, Cheremukhin et al. (2015)
only consider the static effect of sectoral wedges in their counterfactual simulations and find that the
capital wedge is quantitatively not important. In contrast, the sectoral wedge in our model affects re-
source misallocation in the short run and capital accumulation in the long run, which captures the
static and dynamic effect respectively. We find the sectoral wedge is an important factor for economic
performance in prereform China.'? In a revised version, Cheremukhin et al. (2017) find that the capital
wedge is as important as the labour wedge if the dynamic effect is taken into account.” In sum, the
two papers adopt different approaches but derive similar results. Therefore, our paper and theirs are
complementary to each other.

The remainder of this paper is organised as follows. Section 2 describes catch-up aspirations of the
first generation of Chinese political leaders. Section 3 documents motivating stylised facts about the
catch-up industrial policy during 1952—78 in China. Section 4 describes the model and characterises

19They also study the Chinese economy after the reform.

USince exogenous wedges are not ‘deep parameters’, the counterfactual experiments in Cheremukhin et al. (2015) are subject
to the Lucas critique.

Zwe only consider the capital wedge in our baseline model for simplicity. We show that our model with both labour and
capital wedges is isomorphic to the baseline model.

BCheremukhin et al. (2017) develops a new method to derive the dynamic effect.
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the competitive equilibrium and the Ramsey equilibrium at the steady state. Theoretical and numer-
ical analyses of transitional dynamics are conducted in Section 5. Section 6 concludes. Appendix S1
describes the data and the framework that we use to construct our measure of the catch-up indus-
trial policy. Appendix S2 consists of proofs. Appendix S3 considers an alternative industrial policy.
Appendix S4 presents and analyses a discrete-time version of the model in Section 4.

2 | CATCH-UP ASPIRATIONS AND INDUSTRIAL POLICY
IN CHINA

From the point of view of most political and social elites of China, lack of industrialisation, especially
the possession of large capital-intensive industries, which were the basis of military strength, political
and economic power, was considered as the main reason why China had been backward, poor and
weak. Having advanced capital-intensive industries, therefore, was considered as a major symbol of
being a developed and politically powerful country. Hence, the elites adopted an ideology of eco-
nomic nationalism and prioritised the development of capital-intensive industries in their countries
after they gained political power from colonial rules (Lal & Myint, 1996a, 1996b; Lin, 2003, 2009;
Lin et al., 1994).

China's political leaders had a strong catch-up aspiration for the development of modern industry.
Mao Zedong proclaimed, before coming to power, that ‘without industry there can be no solid national
defence, no well-being for the people, no prosperity and strength for the nation’ (Mao, 1945). Zhou
Enlai, a close associate of Mao, quoted Mao in (Zhou, 1953):

Chairman Mao once said: our nation has obtained political independence, but if our
nation wants to achieve complete independence, accomplishing industrialization is nec-
essary. If industries are not developed, a country may become other countries' vassal
even after the country has become independence. As a socialist country, can we have a
dependence mentality? For example, let the Soviet Union develop heavy industries and
national defense industries and let our nation develop light industries. Can we do that? In
my opinion, we can not do that.

The Communist Party of China won the civil war and founded the People's Republic of China in 1949.
After three years of recovering from the war, China started its first Five-Year Plan in 1953. The main ob-
jective was a high rate of economic growth, with primary emphasis on industrialisation through the devel-
opment of the capital-intensive sector even though at the expense of light industry and agriculture (CPC
Central Committee, 1955). In 1957, Mao further set up a specific goal: catching up with the Great Britain
in 10 years and the United States in 15 years in terms of heavy industry output (Ashton et al., 1984). This
is the starting point of the Great Leap Forward (GLF) in 1957-60.

3 | CATCH-UP INDUSTRIAL POLICY

In this section, we document motivating stylised facts about the catch-up industrial policy during
1952-78 in China. The main strategy of the First Five-Year Plan of China (1953-57) is overwhelm-
ingly allocating resources to capital-intensive industries (Lardy, 1987). During the GLF, a big push
towards industrialisation takes place. Despite the disastrous results due to the GLF, the Chinese
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government continues the catch-up industrial policy with only minor adjustment in magnitude until
1978.'

Figure 1 presents the investment shares and GDP shares of the capital-intensive sector and light
industry in this period. We use three definitions of the capital-intensive sector, that is heavy industry,
manufacturing and non-agriculture."” First, the investment share of the capital-intensive sector rises
rapidly before 1960, declines in the next 5 years and stays at a high level afterwards. The GDP share
of capital-intensive sector evolves similarly over time except that it increases mildly after the plummet
during 1961-63.'° In contrast, light industry is negligible in terms of both shares. Second, the GDP
share of the capital-intensive sector is negatively correlated to the growth rate of GDP per capita, es-
pecially around the GLF. These facts suggest that the catch-up industrial policy that heavily invests in
the capital-intensive sector is not growth-enhancing.

To implement the catch-up industrial policy, the Chinese government manipulates prices and
wages, effectively subsidising the capital-intensive industries while imposing heavy taxes on the other
sector (Imai, 2000; Zhu, 2012). Documenting facts using direct measure of the industrial policy is
challenging because the sectoral tax/subsidy data are not available. We adopt the method developed by
Hsieh and Klenow (2009) and use the relative sectoral wedge as our measure of the catch-up industrial
policy. In particular, the relative sectoral wedge is defined as the (inverse) ratio of the sectoral wedge
of the capital-intensive sector and the other sector. Thus, a higher relative wedge means a stronger
industrial policy that favours the capital-intensive sector. A detailed description of the data and the
framework that we use to derive the measure is in Appendix S1.

Figure 2 presents the pattern of the relative wedge and how it is correlated with the GDP share of
the capital-intensive sector. First, the left panels show that the relative wedge has an increasing trend

14See Cheremukhin et al. (2015) and the reference therein for a detailed description of the economic policies during this
period.

15Heavy industry includes steel, machinery and chemical industry.

1%The investment share of both heavy industry and manufacturing increases by 30 percentage points during 1952-58. The
GDP share increases by 25 percentage points in heavy industry and manufacturing and 45 percentage points in non-
agriculture during 1952-60.
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over time and booms during the GLF. Second, the bottom three rows document a positive correlation
between the relative wedge and the GDP share of the capital-intensive sector defined in the three dif-
ferent Ways.17 Figure 3 documents that aggregate TFP growth is negatively correlated with the relative
sectoral wedge and especially during the GLF, meaning the catch-up industrial policy leads to re-
source misallocation.'® Similarly, the growth rate of GDP per capita is negatively correlated with the
relative sectoral wedge and more so during the GLF, implying that the catch-up industrial policy slows
down economic growth by distorting resource allocation.' These empirical evidence suggests that a
surge in the catch-up industrial policy can lead to a spike (plummet) in the capital-intensive sector (the
other sector) and a decline in GDP growth due to severe resource misallocation.

Next, we develop a two-sector neoclassical growth model with sectoral wedges to investigate the
macroeconomic implications of the catch-up industrial policy. We show that our theoretical results are
broadly consistent with the facts we document in this section.

4 | MODEL

In this section, we first present our baseline model: a simple two-sector neoclassical growth model with a be-
nevolent government (politician). We solve the competitive equilibrium of the baseline model. The steady state
of the competitive equilibrium of the baseline economy is assumed to be a developed country. Then, we make
an additional assumption that the government (politician) who has catch-up aspirations. We consider such an
economy as the Chinese economy between 1952 and 1978, where the Chinese government adopt a distortion-
ary industrial policy to promote the output of the target sector. The steady-state output of the target sector of the
developed country is what Chinese government wants to catch up with. The optimal industrial policy is derived
by solving a Ramsey allocation problem of the government. Theoretical results are derived by comparing the
two economies. We show that although China may catch up with the developed country in terms of the output
of the target sector by adopting the catch-up industrial policy, aggregate output and capital stock as well as the
social welfare of China are lower than those of the developed country. When the degree of catch-up aspirations
is high enough, even the output of the target sector is lower than that of the developed country: China can fail to
catch up with the developed country in terms of the output of the target sector.

4.1 | The baseline model

Time is continuous and the horizon is infinite. Time index ¢ is omitted whenever this causes no confu-
sion. In the model economy, there is a representative household whose preference is assumed to be of the
constant-relative-risk-aversion (CRRA) form. Specifically, the utility function takes the following form:

I u(c(0) e™'dt, ()
0

"The R? of the right three panels are .11, .15 and .13, respectively. The coefficient of correlation between the relative wedges
and GDP shares of heavy industries, manufacturing industries and non-agricultural industries are .43, .5 and .46, respectively.

"®The R? of the right panel is .2. The coefficient of correlation between the relative wedge and the growth rate of GDP is
—45.

The R? of the right panel is .02. The coefficient of correlation between the relative wedge and the growth rate of GDP is
—.14.
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where c(#) is the consumption of the representative household at time ¢ and

1-0
wten=S"— @

is the utility function of the representative household at time ¢. p is the time discounting rate, and 0 <6 < 1
is the coefficient of relative risk aversion.”’

The household is endowed with one unit of labour and supplies it at wage rate w inelastically at
each time point. At time 0, the capital stock that the household owns is assumed to be k. The house-
hold rents the capital to firms at rate . For simplicity, the depreciation rate of capital is set to be 0. We
assume that all firms are owned by the representative household. However, since the production tech-
nologies of all firms are assumed to be constant-return-to-scale, the profits are zero in equilibrium.
Hence, the budget constraint for the representative household is:

The assumption @ < 1 ensures that the government's utility function would be reasonable as we will discuss below.
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k=w+rk—c, (€)]

where k is the total capital stock that the household owns. It requires the household's expenditure on
consumption and investment to be equal to the income at each time point. The representative household
chooses consumption and capital to maximise the lifetime utility (1) subject to the budget constraint (3).

There are two sectors (representative firms) that produce two intermediate goods competitively via
two Cobb-Douglas production technologies, respectively:

V= AR, “

where i € { 1,2} denotes sector i. k; and /; are capital and labour used in sector i. Therefore, /; is also the
employment share in sector i. A; is the sector-level productivity parameter for sector i. Without loss of
generality, we assume that there is no productivity growth for both sectors, namely A, is a constant over
time. To distinguish the two sectors, we assume sector 2 is more capital-intensive than sector 1, that is
a; < a,. Output of the two sectors can only be used as intermediate inputs in the production of the unique
final good.

Denote p; as the price of the intermediate good i. The representative firm in sector i chooses k; and
[; to maximise the profit at each time point:

piyi—rki—wl;. (5)

The final good is produced competitively by combining the two intermediates y; and y, through
another Cobb-Douglas production:

y=yn. (6)

The final good is the numeraire. The representative firm in the final good sector choose y, and y,
to maximise the profit at each time point:

Y=P1Y1=P2Y2- @)

Finally, we assume that all markets are competitive and there is a benevolent government (politi-
cian) in the baseline model. In the next subsection, we characterise the competitive equilibrium of the
baseline economy.

4.2 | Competitive equilibrium in the baseline economy

In this subsection, we define and solve for the competitive equilibrium of the baseline model. The
steady state of the competitive equilibrium is then considered as the developed country that China is
willing to catch up with.

The competitive equilibrium of the baseline economy is defined as follows.

Definition 1  Given the initial capital stock k, and the unit labour endowment at each time point, the
competitive equilibrium is a combination of a feasible allocation k;, 1;, y;, ¢, k,y and a price sys-
tem (p;,r;,wy), i=1,2, fort [0, o0) such that: (1) given the price system, the allocation solves
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both the utility maximisation problem of the representative household and the profit maximisa-
tion problems of all firms; (2) all markets clear.

The utility maximisation problem of the representative household requires the following Euler
equation hold:

c_r—p
A 8
~== ®)
The profit maximisation of sector i implies:
&Py _ %2P2)s
r=———=———,
k, ra ®

and
we (I=appy; _ (1=ay)p,y,

L L

10)

And the following two equations are necessary for the profit maximisation of the final good sector:

Yy
P ==, 11
=3, 11
and
(I-y)
py=—1% (12)
2

To simplify the notation, let f:=a,;y +a,(1 —y) and 0 < f < 1. Notice that k; +k, =k. Combining
4), (9), (11) and (12), we obtain the capital allocation across the two sectors:

ay
k=20, 13
1= (13)
and
k2=#k (14)

Similarly, notice that/, 4+, = 1. Combining (4), (10), (11) and (12), we obtain the labour allocation
across the two sectors:

=S as)

and
L _(-a)(-p)

=15 (16)



LIN ET AL. =
|

& The World Economy—W] ]_EYJLB

R

Substituting Equations (13-16) into the production technology (4), we have the output of the two

sectors, respectively:
a, a; 1—(11 1-a,
=A ht § ko, a7
. ”(ﬂ) <1—ﬁ>

o (2) (22} 18
=41 ﬂ(ﬂ) <1—ﬁ> k2. (18)

and

And then substituting (17) and (18) into the final good production function (6), it is straightforward
to derive:

y=AK, 19)

where 1
(=)' TAAT o A =a)' ™ a2 ()]

= - — (20)
[ 7 +ay(1=p)] 7 [ =@y + (1= a1 =) 7T

It is straightforward to show that the capital rental rate is equal to the marginal productivity of capi-
tal and the wage rate is equivalent to the marginal productivity of labour in the competitive equilibrium:

By

rZTZﬂAkﬂ—l, 20

and
w=(1-pB)y=(1-pPAK . (22)

Our two-layer Cobb-Douglas production technology allows us to transform the two-sector model
into a standard one-sector neoclassical growth model with a Cobb-Douglas aggregate product func-
tion. Thus, the consumption growth rate of the representative household becomes:

, p-1_
¢ ﬂAkOfp, 23)

according to the Euler Equation (8). Combining the budget constraint of the household (3), the rental rate
(21) and the wage rate (22), we derive the law of motion of capital:

k=y-c. (24)

The competitive equilibrium is characterised by Equations (1 1-24).%

?IThe complete characterisation should include the transversality condition.
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Since there is no exogenous productivity growth, the model has a steady state where all variables
are constants. Denote the steady-state value of x by x*. To derive the steady state, let ¢ =k=0 and we
have the steady-state capital and consumption as follows:

1/(1=p)
i = <ﬁ> , 25)
p
and
=y = Ak, (26)

The value of other allocations and prices in the steady state can be derived by substituting the
steady-state value of capital into Equations (11-22). As we argue at the beginning, the steady-state
output of the target sector in the competitive equilibrium of the baseline model serves as the bench-
mark that China is willing to catch up with. It is natural to assume any developed countries has at-
tained its steady state.

43 | The Chinese economy

In this subsection, we describe how the China is different from the baseline economy (the developed
country). Then, we formalise the catch-up aspirations by specifying the preference of the government
of China. Finally, we introduce the catch-up industrial policy.

As we argue in Section 1 and 2, political leaders in China have catch-up aspirations. The baseline
economy has a benevolent government who maximise the social welfare. However, China differs from
the developed economy because the politician is not purely benevolent in a way that the government
gains utility from the achievement of his/her own aspirations, in addition to the social welfare (utility
of the representative household). Specifically, the politician aspires to boost the output of the capi-
tal-intensive sector with the intention of catching up with the developed country as soon as possible,
because in his/her opinion producing as much output of the capital-intensive good as the developed
country is the sign of a modernised, industrialised, developed and politically powerful country and
thus the international prestige and status will be enhanced.

This difference between the two countries could be ascribed to their political institutions. That is,
the developed country might have effective democracy through which citizens could force the govern-
ment to act benevolently.”” But in China, as well as in many developing countries, the political insti-
tution gives a much larger discretionary powers to the government so that the politician is able to
implement policies that is designed to fulfil his/her own aspirations.23

In a political agency model, Acemoglu et al. (2008a) demonstrate that citizens could imperfectly control a self-interested
and commitment-lacking politician by using elections and then induce the government to take the same capital-income
taxation structure as that predicted by the Chamley (1986) and Judd (1985) in which the government is benevolent and able to
commit to policies.

%The non-benevolent government assumption is common in many political agency models (Acemoglu et al., 2008a, 2008b;
Barro, 1973; Besley and Smart, 2007; Ferejohn, 1986; Persson and Tab ellini, 2004). Although politicians could choose
policies they prefer in these models, they can be voted out of office if their choice is not in line with the electorate's
expectations. Unfortunately, this mechanism doesn't work well or does not even exist in China. And thus it is reasonable not
to introduce this political mechanism into our model because we mainly focus on economic growth and development of
China.
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Formally, we assume the government gains utility from a combination of consumption of the
household and the output of the target sector relative to that of the developed economy in the follow-
ing form:

oo (20) 7 @7
2,B

And thus the period utility function of the government is:

N
-0

u(c()' ™ 2@ (28)

sk

2,B

Therefore, the preference of the government is as follows:

(o]

(1-6)(1-0) N\
J c(?) )’2*( ) e 29)
) 1-6 Vg

where w € [0, 1] denotes the politician's subjective weight of his own catch-up aspirations against the so-
cial welfare.** When comparing China to the baseline economy, we use subscript B to denote the variables
of the baseline economy. Under this preference, the politician still cares about the social welfare. But he/
she also feel better from the achievement of his catch-up aspirations if 0<6 < 1.

To fulfil his/her catch-up aspirations, the politician naturally has incentive to increase the out-
put of sector 2 by introducing the catch-up industrial policy. It is well documented that the agricul-
tural sector is implicitly taxed to fund the investment of heavy industry (Imai, 2000; Knight, 1995;
Naughton, 2007; Sheng, 1993; Zhu, 2012). Figure 1 shows that the investment share of the capi-
tal-intensive sector surges before 1960 and remains large afterwards, suggesting that heavy industry
received positive subsidies. Specifically, the policy consists of taxing the labour-intensive sector while
subsidising the capital-intensive sector. Resources thus will be reallocated to the capital-intensive
sector from the labour-intensive sector.

Formally, we assume that the government levies a marginal tax on capital return in sector 1 while
subsidises the capital return marginally in sector 2. Let the marginal tax rate and the marginal subsidy
rate be 0 <eyand 0 <7, < 1, respectively. Since the optimal dynamic tax over time is not our focus, we
further assume that the government's budget is balanced at any time point:

€grky =Torks. (30)

This equation equates the subsidy given to sector 2 to the tax levied from sector 1. This specification
of the industrial policy in China is just for simplicity. In Appendix S3, we show that all the results in
Section 4 and 5 are essentially the same if the industrial policy is such that (a) the government does not
subsidise the capital-intensive sector; and (b) both the capital and labour return are taxed (subsidised).

**Here, we assume the government has the same rate of time preferences as the representative citizen. Different time
preferences rate could be dealt with, but it will complicate our model substantially while providing us with very limited
insight.
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To summarise, the differences between China and the developed economy are twofold. First, the
preference of the government in China has a part that captures catch-up aspirations while the govern-
ment of the developed country is benevolent. Second, there is a catch-up industrial policy that is aimed
to fulfil the catch-up aspirations. In the next subsection, we characterise the competitive equilibrium
of the Chinese economy, taking the industrial policy as given. In subsection 4.5, we will derive the
optimal policy by solving the Ramsey allocation problem.

4.4 | Competitive equilibrium of the Chinese economy

Notice that the preference of the government does not affect the competitive equilibrium. Although
the introduction of the catch-up industrial policy will change the behaviour of the firms, it is irrelevant
for the representative household. Hence, the Euler equation of the household in the baseline economy,
(8), still holds in China.

Taking the policy (e, and 7) as given, the representative firm in sector 1 and 2 maximise the profit
at each time point:

piyi— (1+e€y) rky —wly, 31

and
Payy — (L =71)rky —wl,. (32)

To simplify the notation, let e =¢,/(1+¢,) €[0,1) and 7=7,/(1 —7,) €[0, ). Notice that ¢ and
T are monotonically increasing in €, and 7, respectively. The budget constraint of the government at
each time point becomes:

€A P1Y1 =TAPyYs. (33)

Substituting conditions (11) and (12) into the above equation derives the relationship between the
two rates:

a(1-y)
e=—""1.
ayy

(34)

Hence, we consider 7 as the catch-up industrial policy that the government adopts in the rest of
the paper. That is, the government chooses € and 7 to maximise his/her utility. Before jumping to the
optimal policy problem, we need to derive the competitive equilibrium of China, which is defined as
below.

Definition 2  Given the catch-up industrial policy (e and t) and the initial capital stock k, the com-
petitive equilibrium is a combination of a feasible allocation k;,l;,y;,c,k,y and a price system
(pi riswy), i=1,2, fort €0, 00) such that: (1) given the price system, the allocation solves both
the utility maximisation problem of the representative household and the profit maximisation
problems of all firms; (2) all markets clear; (3) the government's budget constraint (33) is bal-
anced at any time point.
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Most of the necessary conditions that characterises the competitive equilibrium in the baseline
model still hold except the first-order conditions with respect to capital in the profit maximisation of
firms in the two intermediate sectors. These equations becomes:

. (I+ep)apyy,  (I—7p)apyy,

35
3 a (35

Combining (4), (11), (12) and (35), we derive the capital allocation across the two sectors as
follows:

h=ﬂ—aﬂ1;ﬂﬂ+r%’ a6

and
_ a,(1-y)(1 +1)k

k
: p

(37

Substituting Equations (15), (16), (36) and (37), into the production technology (4), we obtain the
output of the two sectors, respectively:

(A (e T =T\ 38
M_my<ﬂ> <L¢> <1 ar > s 9

a2, 1— 1-a,
y2=A2(1—y)(%> <1_“;> (1 +7)2 k. (39)

and

And then substituting (17) and (18) into the final good production function (6), it is straightforward
to derive:

y=Af0)k’, (40)

where f(7)is the endogenous TFP and is defined as follows:

_al-pre ‘”’)aly. @1)

ayy

firy=(1+7)=07 <1

To have positive capital input in sector 1, the subsidy/tax rate cannot be too large. Specifically, we
assume that the subsidy rate is bounded above as follows:

ayy

r<—
ay(1-y)

(42)

Notice that 7 could be larger than 1 when a,y is larger than a,(1 —y). The following lemma sum-
marises how the subsidy rate affect the production in the two sectors and the final good production.

Proposition 1 At any time point, the immediate (static) effects of an increase of the subsidy rate
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7 are (1) a smaller final output; (2) a larger output and capital input in sector 2; (3) a smaller
output and capital input in sector 1; (4) a larger reallocation of capital between the two sectors.
Proof 1Itiseasy to show that f{0)=1and f(r)is a decreasing function of the subsidy rate z. Therefore,
the final output is maximised when there is no subsidy and tax. This case coincides with the
developed country. According to Equations (36—40), it is straightforward to show the following
comparative statics for any time point:
ay Oy 0y, 0k 0k

9ot 022000 .02 43
aT<0, = <0; - >0; . <0; P >0. (43)

This completes the proof.

When there is no subsidy, the economy coincides with the baseline model. When the subsidy rate
departs from zero and becomes larger, the TFP is lower and so is the final output. This reflects the
misallocation effect of the industrial policy. Due to this policy, the capital allocation is distorted in a
way that resources are reallocated to the capital-intensive sector from the labour-intensive sector. The
reallocation of capital between the two sectors helps increase the output of the target sector. This result
is what the government is happy to have. However, the increase of the capital-intensive sector is at the
expense of the output of the labour-intensive sector.

Proposition 1 is consistent with the empirical facts on sectoral GDP shares and GDP growth de-
picted in Figures 1-3. The Chinese government initiates the catch-up industrial policy and invests
heavily in the capital-intensive sector since 1953. As a result, the GDP share of capital-intensive sector
booms immediately. However, both TFP and GDP growth decline.

Notice that the final output and the output of both sectors are increasing in the aggregate capital
stock. A lower final output today leads to less investment, and hence, the capital accumulation will be
lower. Eventually, the capital stock might be low enough so that the final output and even the output
of the capital-intensive sector will be lower than those of the developed country. We will discuss more
about the static and dynamic effects of the industrial policy in Section 4.5 and 5.

It is straightforward to show that, in the competitive equilibrium, the capital rental rate is equal to
the marginal productivity of capital and the wage rate is equivalent to the marginal productivity of
labour of the final good production function:

r= % = PAF(DIK . (44)
and
w=(1-py=~1-PARDK . (45)

Therefore, the consumption growth rate of the representative household becomes:
p-1_
e PRy o (46)
2 .
Combining the budget constraint of the household (3), the rental rate (44) and the wage rate (45)
yields the law of motion of capital:

k=y-c. (47)



LIN ET AL. =
|

& The World Economy—W] ]_EYJLIQ

R

The competitive equilibrium is characterised by Equations (11), (12), (15), (16), (36-40),
(44-47).5

The competitive equilibrium takes the catch-up industrial policy as given. However, different poli-
cies lead to different allocations and prices. In the next subsection, we introduce and solve the Ramsey
allocation problem of the government to derive the optimal sector-oriented industrial policy.

4.5 | The Ramsey problem and the optimal policy

In this subsection, we first define and solve the Ramsey allocation problem. Then, we characterise
the effect of the degree of catch-up aspirations on the optimal policy and equilibrium allocation at the
steady state.

Definition 3 The Ramsey allocation problem for the government is to select a competitive equilib-
rium allocation k;, I, y;, ¢, k,y, i=1,2, of the China by choosing a policy T to maximise his/her
utility (29). The solution for this problem is called the Ramsey allocation and the optimal policy.
The corresponding competitive equilibrium is called the Ramsey equilibrium.

It should be noticed that the above Ramsey problem is quite different from the standard Ramsey
problem in the literatures.”® The main difference is that the government in our problem has a prefer-
ence that is a weighted average of both the social welfare and his/her own target while the government
is benevolent in the standard Ramsey problem. We believe that our assumption is much closer to the
reality of China, since individuals are not able to tie the hands of the government of China.

Substituting (39) into the preference of the government yields

Tmax J OINU=0)(] 4 )00 00 =Py, (48)
0

where @ is a constant:

a 1—ay)w
oo 22 [an(1 )] ™ 15

= . (49)
a _9)1+(1—0)(1—w)ﬂazw(y; )

y;B is given by Equations (18) and (25), and /, is a constant given by Equation (16).

Notice that, given the policy z, the competitive equilibrium allocation of the Chinese economy is
dictated by two differential Equations (46) and (47). These two equations serve as the implementabil-
ity constraints of the Ramsey allocation problem.27 Therefore, the Ramsey problem reduce to choos-
ing a subsidy rate 7 to maximise the utility of the government in (48) subject to Equations (46) and

25Again, the complete characterisation should include the transversality condition.

2For the Ramsey taxation literature, see (Chamley, 1986; Judd, 1985; Benhabib and Rustichini 1997), and for the dynamic
Mirrlees taxation, see (Albanesi and Sleet, 2006; Golosov et al. 2003; Kocherlakota, 2005).

27Technically, the transversality condition is also necessary. However, it is a boundary condition that is always satisfied in
our model. This condition is omitted in the rest of this paper.
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(47), in addition to the inequality (42). The Ramsey problem is thus simplified to be a standard opti-
mal control problem.
The Hamiltonian of the Ramsey allocation problem is

H=@c!=00=0(1 4 7)ok 4 %(ﬂAf(T)k”‘l -p)
ay (50)
HAROR — )+ <m _T> ,

2

where A and # are Hamiltonian multipliers corresponding to Equations (46) and (47), respectively, and
¢ is the Lagrangian multiplier associated with constraint (42). The necessary conditions are as follows:

aai: = a,0®c IO (1 4 1) kR 4 <% +nk> Af (O = p =0, €))

A=Ap+ (1-0)d ~e)d+7) <ﬂ +r/k> Af (0)kP! L (52)
a,wc 0 c

n=np+AkP~ [(% +nk> ((L+7) () - pfie)) + %ﬂcf(r)] , (53)

and 7 < 4 ¢20and¢< ar —T)=0.

ay(1-y)’ ay(1-y)

We first show that the subsidy rate never touches the upper bound.

Lemma 1 The inequality (42) never binds for any w > 0.
Proof 1t is sufficient to prove that ¢ =0. Suppose ¢ > 0. Differentiating f(7) yields

(+0)/(0) ___ay(l-p)pr
fr) aly—a2(1—y)1'

(54)

If >0, we have 7= % But then, the above equation implies f(7) = —co contradicting to the
first-order condition (51). Hence, we conclude that ¢ =0 and the constraint never binds. This com-
pletes the proof.

The Ramsey equilibrium is fully dictated by Equations (46, 47, 51-53). The long-run equilibrium
of the economy is characterised by the steady state. The following proposition shows that the Ramsey
equilibrium has a unique steady state.

Proposition 2 There is a unique steady state for the Ramsey equilibrium. In particular, we have

x\\ 1/(=P)

p

i B/(1=p) .
c*=<;> Afe )P (56)
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and
* al}/w(l_ﬂ)

F T A Dlaa(— o)+ B1— YT -0)(1 - )]’

(57
Proof Because there is no productivity growth in our model, &, ¢, A and n are constants in the steady
state. Let k=¢=0. We have

AP = (58)

c_?p
kK p

Substituting the above equation into (52) and (53) and rearranging the two equations, we obtain

i:% 9+(1—9)<1a—2;o;((11)+r)f’(r)]+n[H(1—0><1a—2;o;((rl)+r)f’(r)]_ L
and [ (U+Y @ (+2/ @] »
=% (P 5 o
Let A=7=0. We have
1+ _ 00(1— ) _ 61)
fr) (1-0) [ty0+(1-p)(1 -w)|

Combining together, Equations (54 and 61) immediately leads to the steady-state subsidy rate 7*.
Finally, k" and ¢* are derived from Equation (58).

The parameter that captures the degree of catch-up aspirations of the government is w. The follow-
ing two propositions study how the willingness to catch up affects the steady state. The two proposi-
tions are immediate implications of Proposition 2, and we state them without proof.

Proposition 3 The steady-state subsidy rate z* is an increasing function of @ and satisfies the fol-
lowing properties:

a)Oﬂlr(a)) =0 (62)

and

ay(1-p5)

_. 63
a,(1-y)(1-p0) ©9

wlh_r)m'(w) =

Proposition 4 In the steady state, the capital k¥, consumption c*, the final output y*, the capital input
of sector i={1,2}, k; and the output of sector i={1,2}, y; are decreasing functions of w. In
addition, we have

wO&nk* = k;, a)Oli_r)nc* =cp, wOl’i)ny* =Y a)Oh_)m]c:‘ = k:i 5 andcoOli_r)ny;" = y;’i . (64)
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Propositions 2—4 show that a higher degree of catching up (i.e. a larger w) requires a larger steady-
state subsidy rate z* and all aggregate variables as well as variables in sector 1 are lower in the steady
state. As we described in section 4.3, @ denotes the weight the government gives to catch-up aspi-
rations. The higher the weight is, the higher priority the government would give to the development
of target sector and, therefore, the more heavily distorted industrial policy the government would
introduce. As a result, a higher @ leads to a higher steady-state subsidy rate *. However, the aggregate
economic performance is very bad as demonstrated in Propositions 3 and 4.

Notice that the catch-up aspiration w is believed much stronger in the GLF than the First Five-Year
Plan period. Proposition 3 implies that the catch-up industrial policy is stronger as well. This is con-
sistent with the empirical evidence in Figures 2 and 3 where our measure of the catch-up industrial
policy is much larger during the GLF than in the First Five-Year Plan period.

Results in Proposition 2—4 are in line with the idea of conditional convergence. Proposition 2 implies
that two countries where the degree of catch-up aspirations of their governments is different will not
converge to the same steady state, even if everything else is the same between the two countries. China
in our model could catch up with the developed country, in terms of the aggregate output per capita, in
the baseline model only when the government completely abandons his/her catch-up aspirations (o =0).

Another variable that we are interested in is the output of sector 2. Proposition 1 shows that the
output of sector 2 boosts due to the sector-oriented industrial policy. Is the optimal catch-up industrial
policy effective in the long run? Before answer the question, we first provide a lemma that character-
ises how the degree of catch-up aspirations affects the output of sector 2 in the steady state.

Lemma 2 The steady-state output of sector 2 y satisfies the following property:

L d=0)(1=p)
o _ |70 ot prrae (65)
30 ) <0y 0=00=D)

“(d=-0H)(1-p+ayb

that is, y; is an increasing function of @ if w is not large enough and a decreasing function of w otherwise.
Proof Tt is straightforward to derive

¥y =93y (17 f) (66)
Differentiating the above equation with respect to 7* yields:

9y, S
_i = azy;B(l + )% fr) = <1 +

(1+r*>f<r*>> ' )
or

(I=pfz*)

Substituting (61) into the above equation and evaluating at the steady state, we obtain Equation (65).

Now, we are ready to answer the question that whether the optimal policy is effective in the long
run or not? The answer is that it depends on the degree of catch-up aspirations of the government.
Proposition 5 summarise the results.

Proposition 5 If the following inequality holds

B 0-’2(1—7)7(1)>a‘y<1

ay (68)

(1417 (1
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then there exists a unique @™ such that y; > y;’ pWhenw <w*and y; < yz » When o > w*, where w* satisfies
the following equation:

. az(l—y)r(1)>“”_

(1+T@nﬂf‘my<1 =1, (69)
ary

and 7(w) is the steady state of 7 as a function of w. If the inequality (68) does not hold, then y; > y;’ g for

any w € (0, 1]

Proof  If 79 =0, we have f(z*)=1 and thus yJ= yzB according to Equation (66). It follows from
Lemma 2 immediately that y’z‘ > y; B when w < (1-60)(1—-6)/[(1-6)(1—p)+a,0]. Obviously,
whenw > (1-0)(1—p)/[(1-0)(1—p)+a,0] itis possible to get y; <y;’B. fr*)would be 0 if 7*
approaches to its upper bound a,y/(a,(1—y)). By continuity, y; would be smaller than yz’B when
7*1s close enough to its upper bound. Notice that 7* is increasing in w. To establish Corollary 5,
therefore, it is sufficient to make sure y; < y;B when the w= 1. This leads to the inequality (68).
It follows that the cut-off value of w has to satisfy Equation (69). By the definition of inequality
(68), when yJ is always larger than y;B for any .

Propositions 2-5 demonstrate how the catch-up industrial policy affects the long-run economic
performance. In the long run, the output of sector 1, the final output, the aggregate consumption and
the capital stock are all smaller than those in the developed country of the baseline model. Regarding
the output of the target sector, the government of China could produce more capital-intensive good
than the developed country by adopting the catch-up industrial policy, if the government does not put
too much weight @ on his/her catch-up aspirations. If @ is too large, the industrial policy will be more
distortionary, and thus, capital accumulation will be too small. Consequently, the long-run capital
stock will be lower than that of the developed economy, which eventually leads to less capital alloca-
tion in sector 2 even though sector 2 is the target sector.

The catch-up industrial policy has two effects: a static effect and a dynamic effect. As we discuss
in Section 4.2, the static effect reflects the immediate effect of the misallocation of capital between
the two sectors due to the industrial policy. The misallocation of capital incurs a lower final output,
which results in a lower capital accumulation and hence a slower growth rate of capital. This dynamic
effect of the industrial policy eventually leads to a lower final output. To illustrate the two effects more
clearly, combine Equations (17 and 38), (18 and 39), and (19 and 40):

}’_1=<1_0‘2(1—7)T> l<£> l’ (70)
Yi1.B ay kg
1£=a+ﬂ%<5>2, (71
Yo.B kg
B
Y o) <£) . (72)
YB kg

These three equations compare the output of the two sectors and the final output of China and the
developed economy at any time ¢> 0. The first part of the RHS of the three equations above is the static
effect, while the second part is the dynamic effect. Clearly, the first part captures the effect of capital
reallocation between the two sectors. The reallocation of capital increases the output of sector 2 but
depresses the output of sector 1 and hence the final output.
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The second part consists of the capital stock in China relative to the developed country. It
captures the dynamic effect since the capital stock reflects the accumulation of capital in the
past. Obviously, less capital accumulation in China has negative effects on the final output and
the output of the two sectors. Therefore, for the final output and the output of sector 1, both the
static and the dynamic effects are negative, meaning the long-run effect of industrial policy on
sector 1 and the aggregate economy is unambiguously negative. However, the static effect on the
output of sector 2 is positive. The long-run effect of industrial policy depends on which effect
dominates the other. Proposition 5 provides the condition under which dynamic effect dominates
the static effect.

It is interesting to briefly discuss the condition that ensures the dynamic effect dominates the static
one. A large enough 6 is sufficient to make sure condition (68) hold. Intuitively, a larger & means a
smaller inter-temporal elasticity of substitution. Hence, the household is more reluctant to reduce his/
her consumption when the distortionary industrial policy is introduced. Therefore, the capital accu-
mulation is slower and the steady-state capital will be lower. When 6 is large enough, the capital ac-
cumulation will be slow enough so that the steady-state capital stock will be lower that in the baseline
model.

In this section, we focus on the theoretical analysis and explore static properties so far. Transitional
dynamics analysis is not analytically tractable. In the next section, we will discuss the transitional
dynamics of the Chinese economy as well as the baseline model numerically.

Lemma 1 implies that we could write 7 as a function: z(k, c, 4, 7). Substituting it into Equations (46,
47,52 and 53), we obtain a dynamical system of four variables k, ¢, A and #, in which k and c are state
variables and A and # are co-states. We analyse transitional dynamics in the next section.

5 | TRANSITIONAL DYNAMICS

In this section, we conduct theoretical as well as numerical exercises to analyse transitional dynamics
of the Ramsey equilibrium. To begin with, we establish the local stability of the dynamical system
of the Ramsey equilibrium and derive the dynamic property of the optimal industrial policy near the
steady state. Second, we choose empirically plausible parameter values and solve the model numeri-
cally. Then, we derive the dynamic path and the steady state of the Ramsey equilibrium. In the last
part, various robustness checks are conducted.

Throughout this section, we assume 6 = f. This assumption greatly simplifies the dynamical sys-
tem thus ensures the tractability of the analysis of transitional dynamics, both theoretically and
numerically.28

5.1 | Theoretical results

We first show that the 4-dimensional dynamical system of the Ramsey equilibrium can be rewrit-
ten as a 3-dimensional system which is highly tractable. Then, we establish the local stability of the
dynamical system of the Ramsey equilibrium. Finally, we prove that the optimal subsidy rate is non-
decreasing over time near the steady state.

2 This assumption does not crucial for most of our results in this section. In Appendix S4, we provide a discrete-time version
of our model. We show that the dynamical system of the Ramsey equilibrium there is saddle-path stable locally without
assuming 6 = f.
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First, we construct a 3-dimensional dynamical system from the original 4-dimensional one. Let
z=ApPc/0+nk. Differentiating z with respect to time, we obtain z as follows:

z=@<i+£>+nk<ﬂ+l—c>. 73
A ¢ n

Substituting differential Equations (46, (47), (52) and (53) into (73) yields

§=p+4ﬂnﬂ*[

(1-6)(1-w) +a,w . (I+7) (z)
a,w flr)

+1—4. (74)

Notice that the law of motion of z only evolves k. This implies the original system can be trans-
formed into a 3-dimensional one: differential Equations (46), (47) and (74) and (51). The following
proposition establishes the local stability of this dynamical system.

Proposition 6 The dynamical system (46), (47) and (74) is saddle-path stable, and that is, in the
neighbourhood of ¢*, k* and z* there is a unique stable manifold that converges to ¢*, k* and z*.
Proof See Appendix S2.

Proposition 6 shows that when the initial values of capital, labour and the subsidy rate are not too
far away from the steady state, the economy will converge to the steady state along a unique dynamic
path. In particular, consumption and capital stock are increasing over time. For the entire dynamic
path, the consumption-capital ratio is constant, and hence, they grow at the same rate for any time.
These results help us characterise the dynamic path of the optimal subsidy rate around the steady state,
which is summarised in the following proposition.

Proposition 7 Given the initial capital stock k, < k*, both the aggregate capital stock k and the op-
timal subsidy rate 7 increase monotonically over time and converges to their steady state k* and
¥, respectively.

Proof See Appendix S2.

Proposition 7 demonstrates that when the initial capital stock is smaller than its steady-state level,
the optimal subsidy rate becomes larger and larger as time goes by. The industrial policy is relatively
more distortionary in the later stage of the development. In the early stage of the development, the
economy is too poor and the optimal subsidy/tax cannot be large since a large subsidy means a very
low social welfare. When the capital stock is large enough, a heavily distortionary industrial policy
fulfils the catch-up aspirations quite well without affecting too much of the social welfare. Since the
government takes into account both the output of the target sector and the social welfare, the optimal
industrial policy increases over time monotonically.

Proposition 7 implies that the catch-up industrial policy becomes stronger and stronger over time
for any given catch-up aspiration. This is consistent with the empirical pattern in Figures 2 and 3
where our measure of the catch-up industrial policy increases over time except the GLF when the
catch-up aspiration is enormous.
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FIGURE 4 Steady-state effects of w [Colour figure can be viewed at wileyonlinelibrary.com]

5.2 | Numerical results

In this subsection, we solve for the Ramsey allocation equilibrium numerically for different values
of w. The purpose of the numerical exercises is to show how the degree of catch-up aspirations (@)
affects (a) the steady-state utility of the government; (b) the convergence speed of the capital stock;
and (c) the dynamic path of the equilibrium allocations. The dynamic path of equilibrium allocation
is consistent with the empirical facts documented in Section 3.

We choose empirically plausible parameter values from the literature. Notice that all parameters
except w either dictate the preference or determines technology. First, A; and A, are normalised to be
unity. As is standard in the literature, we set p=0.08 for the time preference. The income share of
capital in the two sectors a; =0.35 and «, =0.65.”° We set the income share of sector 1,y,tobe 0.7,
reflecting the fact that the bulk of most less-developed economies is labour-intensive industries.
Hence, by the definition of f, we have f =6 =0.44. Our numerical results are very robust to our choice
of parameter values.*® In the numerical exercises, we vary the value of w to see how the degree of
catch-up aspirations affects variables that we are interested in.

First, the left panel of Figure 4 shows how the degree of catch-up aspirations of the government af-
fects the utility of the government and the social welfare in the steady state. Obviously, a higher degree
of catch-up aspirations lead to a lower social welfare because of the distortionary industrial policy.
Our theoretical result in Proposition 5 means the output of the capital-intensive sector increases when
 is small and increases when w is large. Since the government gains utility from both the social wel-
fare and the output of the target sector, the effect of catch-up aspirations on the government's utility,
therefore, depends on the effect on the two components as well as the magnitude of @. When w is
small, stronger catch-up aspirations mean lower social welfare but larger output of sector 2. However,
since w is small, the effect on the social welfare dominates. Hence, the utility of the government goes
down. When w becomes larger, the effect on the output of sector 2 is still dominated since the output
of sector 2 does not change too much. This is exactly what happens in our numerical exercises. The

29Acemoglu and Guerrieri (2008) estimate that a; = 0.52 and a, = 0.72 in the US. Since China has less capital intensive
technologies in both sectors, we choose smaller values. However, the numerical results are very robust with respect to these
values.

PResults of sensitivity analyses are available upon request.
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result means the catch-up aspirations even hurt the government itself. This result is consistent with
the empirical pattern during the first Five-Year Plan period and the GLF (1953-60) in Figures 2 and
3 where, as the catch-up aspiration/industrial policy becomes stronger, (a) GDP growth declines; and
(b) the GDP share of the capital-intensive sector increases (decreases) when the catch-up aspiration/
industrial policy is strong (weak) enough.

In Section 4, we show that economies with different degree of catch-up aspirations, @, converge
to different steady states. Now, we calculate the speed of convergence by solving for the negative
eigenvalue and show that w also affects the speed of convergence to the steady state. The right panel
of Figure 4 show how the degree of catch-up aspirations affect the speed of convergence measured by
the half-life for convergence. Our results imply that the economy with stronger catch-up aspirations
will converge faster to the steady state. The reason is that the steady state of capital is lower when w
is greater. Hence, it is easier to reach the steady state and the speed of convergence is higher. Notice
that when @ is very small the half-life for convergence is around 5 years. This is consistent with the
prediction of the standard neoclassical growth model with reasonable parameter values.

Our model is not tractable enough to derive the entire dynamic path in a closed form. Next, we
numerically solve for the dynamic path of the allocations of the Ramsey equilibrium.’! Moreover, we
derive the dynamic paths for different values of @ to see how the degree of catch-up aspirations affect
the equilibrium dynamic path. Figure 5 shows that the aggregate capital stock and the optimal indus-
trial policy increase over time even far away from the steady state.

The upper left panel of Figure 6 shows that the aggregate output is monotone when @ is small and
large. But, if @ is medium, the y decreases initially and then increases over time. A small w means the
negative effect of misallocation is small while the effect of capital accumulation is large. Hence, the
aggregate output goes up monotonically. But, when @ becomes larger and larger, the effect of misal-
location is large enough. This effect dominates when the capital stock is small. Eventually, when the
economy accumulates enough capital stock, this negative effect is dominated and the aggregate output
is going up over time. When w is very large, the optimal subsidy rate will not change too much but
the capital has to accumulate and converge to the steady state. The effect of the later is dominating.
Consequently, the aggregate output is monotonically increasing.

The upper right panel of Figure 6 captures the static and dynamic effects of the distortionary indus-
trial policy. On the one hand, the static effect means the output of sector 2 jumps up initially. On the
other hand, the dynamic effect implies that y, grows slower if @ is larger. The static effect seems
dominates when w is small. But, eventually, the output of the target sector is smaller if catch-up aspi-
rations become stronger and stronger. As is shown in the bottom panel of Figure 6, the dynamic be-
haviour of the output of sector 1, y;, is quite similar to that of the aggregate output.3 3

6 | CONCLUSION

Due to the popularity of nationalism after World War I, politicians in China, as well as in many
developing countries, believed that their nations should give the first priority to the development of

3'We use the reverse shooting method (Judd, 1998; Miranda and Fackler, 2002). We firstly discretise the dynamical system of
(46), (47) and (74) by the fourth-order Runge-Kutta method. Then we squeeze out the stable manifold from some initial
values close enough to the steady state by the standard IPV method.

32Since we show that c(1)/k(r) = pp globally, the dynamic path of the consumption is exactly the same as that of the capital
stock.

3The dynamic paths of k; and k, are the same as y; and y,, respectively.
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advanced capital-intensive industry so as to catching up developed countries as fast as possible. For
that purpose, distortionary industrial policies were introduced, leading to a great loss in efficiency and
the social welfare.

Our paper develops a two-sector neoclassical growth model with a government who gain utility
from not only the social welfare but also the politician' s catch-up aspirations. The optimal industrial
policy is the solution to the Ramsey allocation problem. We show that the social welfare is lower
than that in the first-best equilibrium. After adopting the catch-up industrial policy, the growth of the
capital-intensive sector could boost immediately but will lose momentum eventually. If the degree of
catch-up aspirations is large enough, even the output of the capital-intensive sector could be lower
than that in the first-best equilibrium eventually. Our theoretical predictions are consistent with the
growth pattern of China between 1952 and 1978.
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