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Abstract: The misallocation of production factors, with structural misallocation as an important
aspect, is a key instigator of low total factor productivity (TFP) growth rate in China, but one
important question is which structural misallocation of what factor is more serious in China. Using
China’s manufacturing industrial enterprise data from 1998 to 2013, we calculated and compared
the factors misallocation degree among industries, ownerships and regions. The results indicated
that, the misallocation among industries was most serious, which led to a TFP loss of 8.12% annually.
The misallocation among ownerships ranked second, which led to a TFP loss of 5.49%. The least
degree of the misallocation recorded among provinces led to TFP loss of 3.05%. By using the relative
severity index, the rank is the same. As to the capital, the misallocation among ownerships was
most serious, which led to TFP loss of 4.62%. But as to the labor, the misallocation among industries
was most serious, which led to TFP loss of 4.58%. Moreover, the misallocation among ownerships
alleviated rapidly from 1998 to 2007, while alleviated slower among industries and regions. However,
from 2008 to 2013, all three types of structural misallocation have become worse, especially in labor.
These conclusions are important to identify the focus of structural reform in China.

Keywords: structural misallocation; factor allocation efficiency; total factor productivity

1. Introduction

Many developing countries with high-speed growth mainly depended on substantial increase
of production factors to boost their economic growth, especially in China. However, such economic
growth mode is characterized by high production inputs and high energy consumption, and will lead
to serious environment pollution. To change this economic development model, China must change
from high inputs and high energy consumption to high quality. This high-quality development model
will be characterized by higher output with less inputs, which means high productivity. The Solow
economic growth model [1] has already pointed out the importance of total factor productivity (TFP)
to sustainable growth, where the TFP is the portion of output contributed by some other forces such
as technical progress instead of traditional factor inputs. When a country reaches a certain stage of
economic development, which is called steady-state in the Solow model or is called “new normal”
by some Chinese officials and scholars [2] (pp. 124–127), the continued increase of inputs has less
marginal contribution to output, at this point, improving the TFP will be the main driving force of

Sustainability 2018, 10, 4051; doi:10.3390/su10114051 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-5336-4719
https://orcid.org/0000-0003-3220-2865
http://www.mdpi.com/2071-1050/10/11/4051?type=check_update&version=1
http://dx.doi.org/10.3390/su10114051
http://www.mdpi.com/journal/sustainability


Sustainability 2018, 10, 4051 2 of 19

economic growth. Therefore, with China’s economy entering the “new normal”, the key for sustainable
economic growth will be TFP on the supply side [3–6].

How to promote TFP? In addition to the efficiency within firms, to optimize the production
factor allocation across firms also has important effects on the aggregate TFP [7,8], especially in
China [9–12]. If production factors flow from the firm with a low marginal product to the one with
a high marginal product, the aggregate output will be higher, and if the total amount of factors is
definite, the higher aggregate output will mean higher TFP. According to Yang [11], the space for
economic growth which relies on the development of firms to improve the national TFP is gradually
shrinking in China, thus a new mode to optimize resources allocation is required urgently. The CEWC
(Central Economic Working Conference) of CPC (Communist Party of China) in 2015 has also clearly
stressed that China should rectify the distorted allocation of key factors, expand effective supply
and improve TFP. Under this background, Hsieh and Klenow [9] pinpointed that the national TFP
loss led to by resource misallocation among firms in China was about 80%, Shao et al. [13] even
pinpointed that the misallocation among firms within industries in China has led to an overall TFP
loss beyond 200%. That is, if the misallocation is rectified fully, the TFP in China will increase by 200%.
Therefore, to optimize the allocation of factors will be the key to improve the national TFP and realize
the sustainable economic growth.

How to optimize the allocation of factors? Structural change is a fundamental way, which is
of great significance to improve China’s development [14,15]. The CEWC in 2015 also stressed that
China should intensify the structural reform to rectify the distorted allocation of factors. Thus it
can be seen that, the structural misallocation of production factors is a key instigator of low TFP
growth rate in China. However, the structural misallocation is mainly manifested in three ways in
China: the misallocation led to by the imbalance of industrial structure, the misallocation led to by
ownership discrimination, and the misallocation led to by market segmentation. Therefore, it will be
very important to choose the focus of structural reform through making clear that which of the three
structural misallocations is the most serious.

The degree of misallocation will be an important criterion to judge their seriousness. The previous
studies on quantitative analysis of misallocation degree mainly measured national TFP loss through
comparing the national TFP under distorted state with that under effective state. The groundbreaking
models based on this idea include the model based on the assumption of heterogeneous firms to
measure the degree of resource misallocation among firms within industries [9] which is called HK
model in this paper for short (HK model is the abbreviation of the model proposed by Hsieh and
Klenow [9]. We use the initials of the author’s name to abbreviate the model), and the model based
on the assumption of homogenous firms to measure the degree of resource misallocation among
industries [16,17], which is called the Aoki model in this paper for short. Restuccia and Rogerson [18]
and Hopenhayn [19] have made a comprehensive review on the resource misallocation under this idea.

Therefore, we should assess the structural misallocation degree to judge which structural
misallocation is more serious. Previous studies have measured the misallocation degree from
different aspects, such as the misallocation among industries, ownerships, and regions [10,20–25].
However, from what follows we can see that their measuring results were not comparable, so that
we will be not able to judge the relative seriousness of different structural misallocation. For this
problem, we reconstructed a better and unified model. In the unified model, the whole economy
is divided into three layers: the state, the group. and the firm, where the department layer is the
three structures—industry, region and ownership sector—that we will analyze in this paper. In this
model, the severity of every structural misallocation can be judged not only by comparing the absolute
indicator of TFP loss, but also by calculating the relative indicator of the ratio of the degree of single one
structural misallocation to the degree of total misallocation. As can be seen from the followed of this
paper, there are still many differences in the degree of total misallocation under different arrangements
of structures, so it will be more objective and reasonable to compare the relative severity of different
structural misallocation by using the relative degree indicator. Then using the manufacturing industrial
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firms data from 1998 to 2013 and our model, we recalculated the absolute and relative structural
misallocation degree in China. So there are two contributions in this paper: Firstly, we compared and
judged which structural misallocation was more serious, then put forward more objective policies;
secondly, we proposed a better and unified quantitative model.

2. A Unified Framework for Measuring Misallocation Degree

2.1. Comparision of Measuring Results in Previous Literatures

The previous studies have calculated the degree of structural misallocation from different aspects
in China, as shown in Table 1. In terms of the misallocation among industries, Yuan and Xie [20]
pointed out that the misallocation between the agricultural sector and the nonagricultural sector had
led to TFP loss of 2–18%. Chen and Hu [21] pointed out that the misallocation among subindustries
within China’s manufacturing industry had led to the gross output loss of 15%, which is based on the
Aoki model, but Han and Zheng [22] pointed out that this misallocation only had led to TFP loss of
4.72%, which is based on HK model. In terms of the misallocation among regions, Brandt et al. [10]
through extending the HK model pointed out that this misallocation had led to TFP loss of 8% (BTZ
model for short). In terms of the misallocation among ownership sectors, Jin et al. [23] pointed out that
it had led to an overall TFP loss beyond 200% by integrating HK model and BTZ model. Chen [24]
pointed out that the misallocation between state-owned and non-state-owned sectors had led to TFP
loss of 19% which is based on dynamic stochastic general equilibrium model (DSGE model), but Zhang
and Zhang [25] pointed out that it only had led to the TFP loss of 7.4% which is based on HK model.

Table 1. The different structural misallocation degree in China according to previous literature.

Structural Misallocation Literatures TFP Loss Measuring Model

Among industries
Yuan & Xie [20] 2–18%; Aoki model
Chen & Hu [21] 15%; Aoki model

Han & Zheng [22] 4.72% HK model

Among provinces Brandt et al. [10] 8%; BTZ model

Among ownerships
Jin et al. [23] 200%; HK model

Chen [24] 19%; DSGE model
Zhang & Zhang [25] 7.4% HK model

When analyzing the degree of one structural misallocation, it can be seen that the results of
the previous studies are quite different, as they depend on different models and different databases.
Thus, their results are not comparable. In order to solve this problem, we will propose a unified model
to measure the absolute and relative misallocation degree of factors by upgrading the HK model
through using the solution method of the BTZ model. As such, the HK model is the foundation of
our model.

2.2. Model Foundation

The HK model, which is based on the hypothesis of heterogeneous firms, provides the basis
for our model. It divides the whole economy into three layers: the state, industry, and the firm,
and assumes the gross output Y is a CD (Cobb-Douglas production function) aggregate of industrial
output Yi, and the industrial output Yi is a CES (Constant Elasticity of Substitution production function)
aggregate of firm’s output Yij, they are as follows:

Y = ∏ N
i=1Yϕi

i , Yi =

(
Mi

∑
j=1

Yφ
ij

) 1
φ

(1)
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where there are N industries in the whole economy and Mi firms in industry i, and ϕ or φ is the
parameter of CD function or CES function. Then, it sets the distorted marginal product of factor to τ,
which is also the real factor’s price, so the effective state can be obtained by setting τ = 1.

The product of industry i or firm j is a CD function of TFP, capital, and labor:

Yi = AiKα
i L1−α

i , Yij = AijKα
ijL

1−α
ij (2)

where there are two factors of production, capital K and labor L, α is the parameter. HK model used
A to represent TFP in the mathematical function. So, to compare our model with HK model clearly,
we also adopted this method. So, the degree of TFP loss led to by misallocation among firms within
industry i is

Ai
A∗i

= [∑ Mi
i=1(

Aij

A∗i

TFPRi
TFPRij

)

φ
1−φ

]

1−φ
φ

(3)

where TFPRij = Pij × Aij, Pij is the product’s price of firm j in industry i, Ai and Aij denote the real TFP

of industry i and firm j respectively, TFPRi = [ α
R ∑Mi

j=1
1
τ

PijYij
PiYi

]
−α

[(1− α)
PijYij
PiYi

]
α−1

, and use the symbol *

to denote the effective state, such as Ai
* denotes the TFP under effective state. So, we can see from

Equation (3), the TFP loss led to by misallocation can be assessed through comparing the real TFP Ai
under the distorted state and the effective TFP Ai

* under the effective state.
Then, based on the assumption that gross output is CD aggregate of industrial output, the national

TFP loss is
A
A∗

=
Y
Y∗

= ∏ N
i=1(

Yi
Y∗i

)ϕi = ∏ N
i=1(

AiKα
i L1−α

i

A∗i K∗αi L∗1−α
i

)ϕi (4)

Meanwhile, with the assumption of no misallocation among industries, it can get that Kα
i L1−α

i is
equal to K∗αi L∗1−α

i . So the national TFP loss is

A
A∗

= ∏ N
i=1[∑ Mi

j=1(
Aij

A∗i

TFPRi
TFPRij

)
φ

1−φ ]
(1−φ)ϕi

φ (5)

However, since it uses τ to denote the real factor price of firms, τ includes not only the distortion
among firms within industries, but also the distortion among industries. If we measure TFP loss led to
by misallocation factors among firms, then τ only describes the distortion among firms in the industry,
because the distortion among industries is same for these firms in the same industry. But when we
further measure the national TFP loss, τ will also include distortion among industries, and Kα

i L1−α
i

will no longer be equal to K∗αi L∗1−α
i , which means the above formula for calculating national TFP loss

is not available. This defect implies that the HK model can only measure the misallocation degree
among firms within industries, but neglects the misallocation among industries.

2.3. Basic Assumptions and Solutions of This Model

Like the HK model, we also divide the whole economy into three layers: the state, group and
firm, where the group can be the ownership sector, industry or region which will be analyzed in this
paper. However, we assume the gross output is a CES aggregate of group’s output, and a CD function
of inputs:

Y = (
N

∑
i=1

θiYσ
i )

1
σ

, Y = AKαL1−α (6)

Combined with the assumptions in HK model, the national and group’s TFP are
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A = [
N

∑
i=1

θi(Aikα
i l1−α

i )
σ
]

1
σ

; Ai = [
Mi

∑
j=1

(Aijkα
ijl

1−α
ij )

φ
]

1
φ

(7)

where ki = Ki/K, li = Li/L, kij = Kij/Ki, lij = Lij/Li, which denote the shares of factors, and assume the
distorted price of capital and labor wedges are τij

Kr and τij
Lw respectively. So, from this equation,

we will find it is important to calculate the shares of factors under distorted state or effective state,
then take these shares into Equation (7), we will get the real TFP A and the effective TFP A*.

Based on the first order conditions for profit maximization of group and firm, we can get the
shares of firm’s labor and capital under distorted allocation:

lij =
Aij

φ
1−φ τL−1

ij
Mi
∑

j=1
Aij

φ
1−φ τL−1

ij

, kij =
Aij

φ
1−φ τK−1

ij
Mi
∑

j=1
Aij

φ
1−φ τK−1

ij

(8)

where Aij = Aijτ
K−α
ij τLα−1

ij . The equation shows that, the share of firm’s factor is determined by its
TFP Aij and its distorted factor’s price τij, when the Aij is higher or the τij is smaller, the share lij or kij
will be higher. This is in consistent with common sense of economics.

Substituting the shares into Equation (7), we can get the real TFP of group i under distorted
allocation is

Ai = Aiτ
Kα
i τL1−α

i (9)

where τL
i =


Mi
∑

j=1
Aij

φ
1−φ

τL−1
ij

Mi
∑

j=1
Aij

φ
1−φ


−1

, τK
i =


Mi
∑

j=1
Aij

φ
1−φ

τK−1
ij

Mi
∑

j=1
Aij

φ
1−φ


−1

, and Ai = [
Mi
∑

j=1
Aij

φ
1−φ ]

1−φ
φ .

So, if the allocation among groups is distorted and the allocation among firms within groups is
effective, the shares of factors can be seen through setting τij to be equal among firms:

l∗ij =
Aij

φ
1−φ

Mi
∑

j=1
Aij

φ
1−φ

, k∗ij =
Aij

φ
1−φ

Mi
∑

j=1
Aij

φ
1−φ

(10)

Substituting the shares into Equation (7), we can get the effective TFP of group i at the state that
the allocation among firms within groups is effective, which can be denoted as Ai

*. Also, we can see
that the share of firm’s factor under effective state is only determined by its TFP Aij.

Further, based on the first order conditions for profit maximization of state and group, we can get
the shares of group’s labor and capital under the distorted allocation:

li =
θ

1
1−σ
i Ai

σ
1−σ τL−1

i
N
∑

i=1
θ

1
1−σ
i Ai

σ
1−σ τL−1

i

, ki =
θ

1
1−σ
i Ai

σ
1−σ τK−1

i
N
∑

i=1
θ

1
1−σ
i Ai

σ
1−σ τK−1

i

(11)

where the allocations among firms within groups and among groups all are distorted. Substituting the
shares into Equation (7), we can get the real national TFP at dual-distorted state, which can be denoted
as A.

So, the shares of factors at the state that allocation among groups is distorted, but allocation
among firms within groups is effective can be got through setting τi to be equal among groups:
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l∗i =
θ

1
1−σ
i Ai

σ
1−σ

N
∑

i=1
θ

1
1−σ
i Ai

σ
1−σ

, k∗i =
θ

1
1−σ
i Ai

σ
1−σ

N
∑

i=1
θ

1
1−σ
i Ai

σ
1−σ

(12)

Substituting the shares into Equation (7), we can get national semi-effective TFP at the state that
only the allocation among groups distorted, which can be denoted as Aex

*.
When all the allocations—the allocation among firms within groups and the allocation among

groups—are effective, we can get the shares of factors through setting τi to be equal among groups
and τij to be equal among firms within groups:

l∗∗i =
θ

1
1−σ
i Ai

∗ σ
1−σ

N
∑

i=1
θ

1
1−σ
i Ai

∗ σ
1−σ

, k∗∗i =
θ

1
1−σ
i Ai

∗ σ
1−σ

N
∑

i=1
θ

1
1−σ
i Ai

∗ σ
1−σ

(13)

Substituting the shares into Equation (7), we can get national dual-effective TFP at the state that
all the allocations are effective, which can be denoted as A*.

Therefore, we will get the national TFP losses led to by different distorted states:
(1) The TFP loss degree led to by the total misallocation is dall = A*/A − 1.
(2) The TFP loss degree led to by only the misallocation among groups is dex = Aex

*/A− 1. We also
get the relative severity indicator is pex = dex/dall.

(3) The TFP loss degree led to by only the misallocation among firms within groups is din =
A*/Aex

* − 1.
Moreover, we can also measure the misallocation degree of different factors. Take capital as an

example, the calculation method is same to labor:
(1) When capital is allocated effectively, the shares of factors can be got through setting τij

K = 1:

l′∗i =
θ

1
1−σ
i Ai

′∗ σ
1−σ τL−1

i
N
∑

i=1
θ

1
1−σ
i Ai

′∗ σ
1−σ τL−1

i

, k′∗i =
θ

1
1−σ
i Ai

′∗ σ
1−σ τK−1

i
N
∑

i=1
θ

1
1−σ
i Ai

′∗ σ
1−σ τK−1

i

(14)

where Ai
′∗
= [

Mi
∑

j=1
Aij
′ φ

1−φ ]
1−φ

φ and Aij
′
= Aijτ

Lα−1
ij .

Substituting the shares into Equation (7), we can get the national dual-effective productivity A′* at
the state that the capital is allocated effectively. So, the national TFP loss led to by the capital allocation
all distorted, dk

all = A′*/A = −1.
(2) When the allocations of labor and capital among firms within group are distorted, and the

allocation of labor among groups distorted, but the allocation of capital among groups is effective,
we can get the shares of factors through setting τi

k to be equal among groups,

l′i =
θ

1
1−σ
i Ai

′ σ
1−σ τL−1

i
N
∑

i=1
θ

1
1−σ
i Ai

′ σ
1−σ τL−1

i

, k′i =
θ

1
1−σ
i Ai

′ σ
1−σ τK−1

i
N
∑

i=1
θ

1
1−σ
i Ai

′ σ
1−σ τK−1

i

(15)

where Ai
′
= Aiτ

Lα−1
i .

Substituting the shares into Equation (7), we can get national semi-effective productivity Aex
′* at

the state that only the capital is allocated effectively among groups. So, the national TFP loss led to by
only the capital is distorted allocated among groups is dk

ex = Aex
′*/A − 1, and the relative severity

indicator is pk
ex = dk

ex/dk
all.



Sustainability 2018, 10, 4051 7 of 19

3. Data

Our data for firms are from “China Industrial Enterprises Database” from 1998 to 2013, conducted
by the Chinese government’s National Bureau of Statistics. For our analysis, we focus only on
manufacturing firms that increase in size from 124,642 firms in 1998 to 334,737 firms in 2013.
The information we use are the firm’s gross output, value added, original value of fixed assets,
total fixed assets, number of employees, industrial code, provincial code, registration type, state
holding, and capital funds.

The reasons for choosing the period 1998–2013 are as follows: First, to measure the general
misallocation degree, we need the comprehensive enterprise data, not just the larger listed company.
But, the comprehensive enterprise data we can get is only from the “China Industrial Enterprises
Database”, and its available information is only to 2013. Secondly, after the Asian financial crisis
in 1998, Chinese government officials generally used the GDP as an important criterion for their
promotion; this may lead to the aggravation of resources misallocation. Thirdly, although the data
is only up to 2013, from what follows we can see that, the misallocation rebounded after 2008 and
did not easedas quickly as before, and China’s TFP growth rate has been declining in recent years.
These results may imply that the misallocation problem in China in recent years should not be greatly
alleviated. Moreover, since 1998 to 2013, the misallocation among industries has been more serious
and the capital misallocation among ownerships has been more serious all the time, so we can infer
that the problems should also exist and the results in recent years should be similar to that before 2013.

Since the factors in the production function only are labor and capital, the industrial added value
should be applied to measure the output of firm. However, the data of industrial added value in 2008,
2009, 2011, 2012, and 2013 are missed in this database. Therefore, we use gross output to measure the
output of firm, and use added value from 1998 to 2007 to make robustness test. The robustness test
shows that the misallocation degree and its trend using added value are basically consistent with that
using gross output value from 1998 to 2007, which indicates that it is reasonable to use gross output
value to measure output in this model.

Brandt et al. [6] pointed out that both the original value and net value of fixed assets are at original
purchase price in the database. Using these two indexes to measure the firm’s real capital stock will
introduce systematic biases related to a firm’s age. So, we refer to Brandt et al. [6] to recalculate
the firm’s real capital stock with perpetual inventory method and the data of original value of fixed
assets. However, the data of original value of fixed assets are missed in 2009. So, we refer to Lu and
Lian [26] to use total fixed assets to measure real capital stock deflated with fixed asset investment price
index. But we still refer to Brandt et al. [6] to recalculate the real capital stock, when we recalculate
misallocation degree from 1998 to 2007 to make robustness test. It also can be seen that, the correlation
between the data of capital stock with the method of Lu and Lian [26] and the data with the method of
Brandt et al. [6] is as high as 95%, so it is reasonable to use the method of Lu & Lian [26]. Use number
of employees to measure labor input. Eliminate the enterprises with the data not conforming to
accounting standards, and the enterprises with no TFP or with the 0.5% tails of TFP.

We also recalibrate the classification standard of industries and the classification standard of
ownership. As to the industries’ classification, the database adopted the 1994’s standard from 1998
to 2002, but 2002’s standard from 2003 to 2012, and 2011’s standard in 2013. So we adjusted all
the data to the 2002’s standard, and reclassify industries according to two-digit codes. As to the
ownerships’ classification, the state-owned firms in this paper are state-owned and state-controlled
firms. Many studies used to classify the ownership types by firms’ registration types. However,
the joint-stock limited companies and limited liability companies in the registration types include
both state-owned firms and non-state-owned firms. Brandt et al. [6] and Yang [11] reclassified the
ownership by registration types and capital funds, but this method still underestimates the number of
state-owned firms [11]. Therefore, in our paper, the firms have been classified into state-owned firms,
foreign-funded firms, and private firms according to their registration types, ownership structure
or capital funds, or any indicator of the three. As such, we will have a union of state-owned firms,
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then foreign-funded, and the remainder will be categorized as private firms. Due to source of funds of
foreign-funded firms not allocated domestically, this type of firm will be excluded from the analysis.

The statistical descriptions for the variables we use in the model were shown in Table 2.

Table 2. Statistical descriptions for the main variables.

Variables Number of Observations Mean Std. Dev. Min Max

gross output 2,637,469 93,622.66 294,166 0 41,984,367
total fixed assets 2,637,469 25,857.68 207,925.9 1 110,726,766

number of employees 2,637,469 246.0174 551.3084 8 101,375
value added 1,697,264 13,447.43 56,528.68 −1,138,434 14,646,202

Notes: The unit is RMB 1000 yuan RMB. The result is got from processed data with industry as group.

4. Empirical Analysis

4.1. Parameter Choices

From the first order conditions for profit maximization problem of firms, groups and the state,
we can get

τK
ij ∝

PijYij

Kij
, τL

ij ∝
PijYij

Lij
(16)

And the firm’s TFP is

Aij(t) =
Ynor

ij (t)

P(t)Kα
ijL

1−α
ij

(
Ynor

ij (t)
Mi
∑

j=1
Ynor

ij (t)
)

1−φ
φ

(
Ynor

i (t)
N
∑

i=1
Ynor

i (t)
)

1−σ
σ

(17)

The values of φ, σ, and α are set 2/3, 1/3 and 0.45 respectively [9,10,27]. There are no good
estimation methods for parameter φ and σ, so we mainly refer to the previous mainstream studies.
As to the value of α, Yang [11] used OP method [28] to estimate it to be about 0.35 with manufacturing
industrial firms data in China. So we also set α as 0.35 to make robustness test.

Note that the outputs of different industries are irreplaceable, so we set the national production
function as above, and get

θi =
1
T

T

∑
t=1

Pi(t)[Ynor
i (t)/Pi(t)]

σ

N
∑

i=1
Pi(t)[Ynor

i (t)/Pi(t)]
σ

(18)

It is same to provinces. However, the outputs of different ownership sectors appear symmetrical,
so we set θi as 1, when we measure the misallocation degree between ownership sectors.

4.2. Misallocation Degree of Factors among Ownership Sectors

Firstly taking ownership, industry, and province as the group layer, respectively, according to the
model in the above, we calculated the real national productivity A, the semi-effective productivity A*

ex,
and the dual-effective productivity A*, which are shown in Tables 3–5. The results indicated that the
semi-effective and dual-effective TFP were higher than real TFP—both the misallocation among groups
and the total misallocation had led to TFP loss. That is, if we rectify the misallocation, the TFP in China
will improve. Furthermore, with the three different types of groups (ownership, industry, province),
the average annual growth rates of real productivity A were 13.6%, 13.3% and 11.8% respectively
before 2007, but they were 3.9%, 1.5% and 2.7% from 2008 to 2013. The growth rate of TFP in China
slowed down after the financial crisis. This result is consistent with the reality of China’s economic
development. Moreover, the results obtained under the three different types of groups are similar to
each other, which shows that the model built in this paper is reasonable.



Sustainability 2018, 10, 4051 9 of 19

Table 3. The misallocation degree of labor and capital among ownership sectors.

Year dall dl
all dk

all dex dl
ex dk

ex pex pl
ex pk

ex

1998 2.5067 0.9997 0.9917 0.0982 0.0227 0.0851 0.0392 0.0227 0.0858
1999 2.3523 0.8895 1.0525 0.0992 0.0181 0.0898 0.0422 0.0203 0.0853
2000 2.2704 0.8701 0.9607 0.0897 0.0146 0.0829 0.0395 0.0168 0.0863
2001 2.2578 0.8711 0.9607 0.0773 0.0079 0.0745 0.0342 0.0091 0.0775
2002 2.1879 0.8596 0.8939 0.0660 0.0019 0.0657 0.0302 0.0022 0.0735
2003 2.1425 0.8563 0.8553 0.0471 0.0012 0.0468 0.0220 0.0014 0.0548
2004 2.2094 0.8989 0.8738 0.0306 0.0001 0.0256 0.0138 0.0001 0.0292
2005 2.0636 0.8304 0.7804 0.0292 0.0022 0.0207 0.0141 0.0027 0.0266
2006 2.1943 0.8231 0.7083 0.0352 0.0038 0.0235 0.0160 0.0047 0.0332
2007 2.1433 0.8082 0.7774 0.0361 0.0058 0.0218 0.0168 0.0071 0.0281
2008 2.0272 0.7421 0.6301 0.0308 0.0004 0.0265 0.0152 0.0005 0.0421
2009 2.0347 0.6987 0.7990 0.0396 0.0012 0.0306 0.0195 0.0017 0.0383
2010 3.3618 0.6913 1.6196 0.0776 0.0004 0.0655 0.0231 0.0006 0.0404
2011 2.5342 0.7481 1.0218 0.0497 0.0110 0.0274 0.0196 0.0147 0.0268
2012 2.7545 0.8106 1.0571 0.0447 0.0116 0.0225 0.0162 0.0144 0.0213
2013 2.7452 0.8100 1.0728 0.0506 0.0086 0.0313 0.0184 0.0106 0.0291

Notes: The symbol d represents the TFP loss degree led to by misallocation. The subscript all represents the total
misallocation among groups and among firms within groups. The superscript k or l represents the capital or labor.
The subscript ex represents the misallocation only among groups. The symbol p represents the relative misallocation
degree, which is the ratio of a single structural misallocation degree to the total misallocation degree.

Table 4. The misallocation degree of labor and capital among industries.

Year dall dl
all dk

all dex dl
ex dk

ex pex pl
ex pk

ex

1998 2.8424 1.0795 1.1376 0.0909 0.0530 0.0366 0.0320 0.0491 0.0322
1999 2.6067 0.9383 1.2337 0.0900 0.0510 0.0368 0.0345 0.0544 0.0298
2000 2.5684 0.8976 1.1046 0.0819 0.0436 0.0370 0.0319 0.0485 0.0335
2001 2.6093 0.9076 1.1581 0.0864 0.0467 0.0371 0.0331 0.0514 0.0321
2002 2.5406 0.8684 1.1124 0.0819 0.0425 0.0366 0.0322 0.0489 0.0329
2003 2.5307 0.8996 1.0548 0.0853 0.0541 0.0295 0.0337 0.0601 0.0280
2004 2.6726 0.9346 1.0934 0.0835 0.0583 0.0244 0.0313 0.0624 0.0223
2005 2.4113 0.8459 0.9973 0.0741 0.0496 0.0229 0.0307 0.0586 0.0230
2006 2.4602 0.8539 0.9444 0.0753 0.0484 0.0239 0.0306 0.0566 0.0254
2007 2.3695 0.8366 0.9492 0.0720 0.0475 0.0210 0.0304 0.0567 0.0222
2008 2.6155 0.8653 0.9692 0.0640 0.0312 0.0279 0.0245 0.0361 0.0288
2009 2.4445 0.7667 1.0611 0.0563 0.0211 0.0289 0.0230 0.0275 0.0272
2010 4.3484 0.6945 2.0857 0.1477 0.0404 0.0899 0.0340 0.0582 0.0431
2011 2.6330 1.0388 0.8550 0.0673 0.0492 0.0120 0.0256 0.0473 0.0140
2012 2.7903 0.9496 0.9701 0.0678 0.0446 0.0165 0.0243 0.0469 0.0170
2013 2.9247 0.9063 1.0328 0.0748 0.0518 0.0174 0.0256 0.0571 0.0168

Notes: The symbol d represent the TFP loss degree led to by misallocation. The subscript all represent the total
misallocation among groups and among firms within groups. The superscript k or l represent the capital or labor.
The subscript ex represents the misallocation only among groups. The symbol p represents the relative misallocation
degree, which is the ratio of single one structural misallocation degree to the total misallocation degree.

Using a different estimation method or different data, the growth rate of TFP in China is
very different when measured by previous studies. However, the differences between material
productivity and income productivity [29] should be noted. If Aij is used to represent one firm’s
material productivity, PijAij will be the income productivity. Even if deflated by the price Pi of
sector i, income productivity is still affected by product price at the firm level. We know that the
income productivity estimated using semiparametric method [28,30,31], after excluding the sector
price, is quite different from the material productivity. We also calculate the real productivities of
different ownership sectors. It indicated that the real TFP of the non-state-owned sector was higher
than that of the state-owned sector, which is in line with previous studies [32,33]. But the state-owned
sector was not catching up with the non-state-owned—the gap was bigger and bigger. The possible
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reason is that the productivity of the firms estimated in previous studies includes the product price.
Under the higher monopoly power, the product price of the state-owned firms is often higher than
that of the private firms, which may make the previous studies to overestimate the productivity and
its growth rate of the state-owned firms.

Table 5. The misallocation degree of labor and capital among provinces.

Year dall dl
all dk

all dex dl
ex dk

ex pex pl
ex pk

ex

1998 2.8921 1.1656 1.1240 0.0485 0.0266 0.0275 0.0168 0.0228 0.0244
1999 2.6488 0.9848 1.2086 0.0436 0.0188 0.0286 0.0165 0.0191 0.0237
2000 2.5318 0.9871 1.0671 0.0412 0.0186 0.0283 0.0163 0.0188 0.0265
2001 2.5469 0.9554 1.0676 0.0393 0.0151 0.0280 0.0154 0.0158 0.0263
2002 2.4165 0.8921 1.0062 0.0344 0.0119 0.0256 0.0142 0.0133 0.0254
2003 2.3749 0.9074 0.9582 0.0265 0.0079 0.0206 0.0112 0.0087 0.0215
2004 2.5916 0.9624 0.9755 0.0206 0.0052 0.0141 0.0080 0.0054 0.0145
2005 2.4197 0.8637 0.8984 0.0214 0.0067 0.0142 0.0088 0.0077 0.0158
2006 2.6052 0.9498 0.9047 0.0223 0.0086 0.0119 0.0086 0.0090 0.0132
2007 2.5563 0.9379 0.9547 0.0241 0.0095 0.0125 0.0094 0.0102 0.0131
2008 2.4879 0.9121 0.7248 0.0261 0.0145 0.0083 0.0105 0.0159 0.0115
2009 2.3248 0.7811 0.8976 0.0319 0.0157 0.0137 0.0137 0.0201 0.0153
2010 3.7267 0.6413 1.6851 0.2463 0.0231 0.2285 0.0661 0.0360 0.1356
2011 2.7988 1.1592 0.8570 0.0235 0.0149 0.0051 0.0084 0.0128 0.0060
2012 3.0152 1.1336 0.9630 0.0262 0.0176 0.0061 0.0087 0.0156 0.0064
2013 3.0314 1.1041 0.9876 0.0275 0.0180 0.0065 0.0091 0.0163 0.0066

Notes: The symbol d represent the TFP loss degree led to by misallocation. The subscript all represents the total
misallocation among groups and among firms within groups. The superscript k or l represent the capital or labor.
The subscript ex represents the misallocation only among groups. The symbol p represents the relative misallocation
degree, which is the ratio of single one structural misallocation degree to the total misallocation degree.

When to take the ownership sector as the group in the model, total misallocation had led to an
average annual TFP loss of 229%, as indicated by the indicator dall, which is shown in Table 3. When
the industry or province is taken as a group, the national TFP lost 260% or 261%. This means that the
optimization of factor allocation will take extraordinary progress to the TFP in China. So the structural
reform to rectify the misallocation will be a very important policy for China’s TFP and sustainable
economic growth. We can see that, while they were closer, but there were still some differences among
them. Therefore, to directly compare the absolute degree of TFP loss led to by different structural
distortions is still biased. So, we recalculated the relative misallocation index using the ratio of absolute
structural misallocation degree to total misallocation degree. By comparing the relative misallocation
index, the judgment will be more objective and reasonable.

By observing the indicator dall in Tables 3–5, we can find that, the total misallocation degree
declined year by year from 1998 to 2008, but deteriorated relatively from 2008 to 2013. After the
financial crisis, a series of policies in China have aggravated the misallocation of factor allocation
to a certain extent while they have stimulated the overall demand. In the most recent year of 2013,
the misallocation degree was the most serious in this sample period (exclude the fluctuating year of
2010), so how to optimize factor allocation in the future is very important to achieve sustained and
rapid economic growth in China.

The indicator dex in Table 3 indicated that the misallocation of factors among ownership sectors
had led to an average annual TFP loss of 5.49% and 5.06% in the year of 2013. That was, if only to
realize the optimal allocation of factors among ownership sectors, the national TFP would increase
by 5.06%. Compared with 8% from Brandt et al. [10], 200% from Jin et al. [23], 7% from Zhang &
Zhang [25], and 19% from Chen [24], the misallocation degree among ownership sectors based on our
model was not serious. We also get that the misallocation of factors among firms within groups has
led to an average annual TFP loss of 212%. Therefore, the distortion of factor allocation caused by
ownership difference accounted for only 2.4% of total distortions.
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As to a single factor, Table 3 indicated that the total misallocation of labor had led to an average
annual TFP loss of 83% (shown by the indicator dl

all), and the total misallocation of capital had led
to an average annual TFP loss of 89% (shown by the indicator dk

all). The misallocation of labor is
almost equal to that of capital. While to optimize the capital allocation, we also must optimize the
labor allocation. Further analysis indicated that the misallocation degree of labor among ownership
sectors was very small (as indicated by indicator dl

ex), and can be neglected, but the misallocation of
capital among ownership sectors was relatively more serious, resulting in an average annual TFP loss
of 4.6% (shown by indicator dk

ex).

4.3. Misallocation Degree of Factors among Industries

The indicator dex in Table 4 indicated that the misallocation of factors among industries had led to
TFP loss of 8.12% annually, and misallocation among firms within industries had led to TFP loss of
234%. Numerous studies have analyzed the efficiency of factor allocation in China from the perspective
of industry structure. For example, Shao et al. [13], based on the HK model, pointed out that distorted
factor allocation among firms within industries led to an average annual TFP loss of 218%, which is
very close to our result. Chen and Hu [21] based on the Aoki model and Han and Zheng [22] based
on the HK model pointed out that the misallocation of factors among industries had led to TFP loss
of 15% and 4.72% respectively, but our result is between them. Moreover, as shown by pex in Table 4,
the misallocation degree of factors among industries accounted for 3.0% of total misallocation.

The indicator dl
ex and dk

ex in Table 4 further indicated that, the misallocation of labor among
industries had led to an average annual TFP loss of 4.6%, and the misallocation of capital had led to
loss of 2.7%. The labor misallocation among industries was more serious than the capital misallocation,
even in the most recent year of 2013. In terms of relative misallocation degree, indicators pl

ex and
pk

ex indicated that the misallocation degree of labor among industries accounted for 5.1% of total
misallocation, and the misallocation of capital accounted for 2.6%. It can be seen that the relative
misallocation degree of labor among industries was also more serious than that of capital.

4.4. Misallocation Degree of Factors among Provinces

The indicator dex in Table 5 indicated that the misallocation of factors among provinces had led to
TFP loss of 3.05% annually. Inspired by the promotion tournament of local officials, the inconsistency
between the goal of local governments, which is to achieve local economic growth and the goal of
central governments, which is to achieve overall efficiency, will lead to the market segmentation among
regions. Under market segmentation, the cross-regional flow, free of production factors, is hindered,
which will lead to the distorted allocation of regional factors. Moreover, as shown by pex in Table 5,
the misallocation degree of factors among provinces accounted for 3.0% of total misallocation.

The indicators dl
ex and dk

ex in Table 5 further indicated that, the misallocation degree of labor
among industries led to an average annual TFP loss of 1.4%, and the misallocation of capital had led to
TFP loss of 1.6%. Although the annual misallocation degrees of capital and labor were very closer to
each other, the misallocation of labor was much more serious than capital in the most recent year of
2013, which was also indicated by the relative misallocation indicators pl

ex and pk
ex.

5. Comparison of Different Structural Misallocation and Discussion

We show the absolute and relative misallocation degrees of different factors and their trends from
Figures 1–3.

Figure 1a includes the absolute degree of different structural misallocations among ownership
sectors, industries, and provinces. We can see that, by 2013, the absolute misallocation degree of factors
among industries was the most serious, the absolute misallocation among ownerships ranked second,
and the least degree of the misallocation was recorded among provinces. Figure 1b, which includes
the relative misallocation degree, also shows the same rank of the three structural misallocations.
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As to the trend of misallocation degree, from Figure 1a we can get that, with the deepening
of China’s market-oriented reform, three types of structural misallocations have mitigated before
2008. The mitigation speed of misallocation among ownership sectors is the fastest from 1998 to
2004, while the misallocation degrees among ownerships and among provinces remained basically
unchanged from 2004 to 2008. However, in order to resolve the world financial crisis, China
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increased the stimulus to aggregate demand after 2008, and the misallocations among ownership
sectors and among industries became much more serious, and the misallocation among provinces
increased slightly.
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From Figure 2b, which shows the relative structural misallocation degree of labor, we can get
that, the misallocation of labor among industries was most serious, followed by that among provinces,
and that among ownership sectors was the least. From Figure 3b, which shows the relative structural
misallocation degree of capital, we can get the misallocation degree of capital among ownership sectors
was most serious, that among industries was second, and that among provinces was least.

Moreover, from Figure 2a, which shows the absolute distortion degree of labor, we can find
that, the misallocation degree of labor among ownership sectors mitigated rapidly, but became much
more serious after 2008. The misallocation among provinces also mitigated, but rebounded after 2004,
especially after 2008. The misallocation among industries mitigated from 2004 to 2009, but rebounded
very quickly after 2009. However, Figure 3a, which depicts the absolute misallocation degree of
capital shows that, the three types of structural misallocation all mitigated before 2008, especially the
misallocation among ownership sectors. But after 2008, the misallocation among ownership sectors
rebounded slightly, while the misallocation among industries and provinces almost remain unchanged
with fluctuation.

The financial crisis in the year of 2008 is an important dividing line. It made the three types
of structural distortion of labor became more and more serious, especially to labor. To resolve the
financial crisis, China invested much more on infrastructure and real estate, and provided much lower
interest loans to state-owned firms to increase investment. Because of the manufacturing firms we
use, the misallocation degree of capital among subindustries within manufacturing industry did not
increase after financial crisis. However, the misallocation of capital among ownerships rebounded.
Moreover, to resolve financial crisis, investment has been intensified in various regions, so the capital
misallocation among regions did not increase. But after the financial crisis, unemployed migrant
workers in the eastern regions went back to their hometowns, which were undeveloped, so the labor
misallocation degree among regions increased.
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6. Robustness

We calculated the misallocation degree with α as 0.45 in the above. Now, referring to Yang (2015),
who recalculated α as 0.35 using OP method with industrial firms data, we recalculate the misallocation
degree, as shown from Figures 4–6. We can find that the results are in consistent with that in the
above. Moreover, we also recalculate the degree using the data from 1998 to 2007 with α as 0.45,
which includes the added value data and we can use it to measure the output of firms. The results are
also in consistent with that in the above, which is shown in Appendix A.
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7. Conclusions

Structural reform will be very important for the sustainable development of China’s economy.
But it is multifaceted, including the upgrade of industrial structure, the optimization of regional
structure, the reform of ownership structure and so on. With this background and using the microdata
of manufacturing firms in China from 1998 to 2013, we analyze the TFP loss caused by the misallocation
of production factors among industries, among regions and among ownership sectors within the
manufacturing industry.

We firstly propose a unified model that divides the whole economy into three layers: the state,
the group, and the firm. With this model, we cannot only measure the absolute misallocation degree
among groups, as per the BTZ model, but we can also measure the absolute misallocation degree
among firms within groups, as per the HK model. As such, our model can measure the absolute total
misallocation degree. Therefore, we can measure the relative misallocation degree using the ratio of
the degree of single one structural misallocation to the degree of total misallocation. Then using the
relative degree—not the absolute degree—to judge which structural misallocation is more serious will
be more objective.

The measuring results show that: (1) The misallocation is very serious in China. It not only
existed in the allocation of capital, but also in the allocation of labor. They almost caused the same
national TFP loss, with an average of 97% and 91% respectively. (2) Compared with the misallocation
among ownership sectors and provinces, the misallocation among industries was the most serious,
which has led to the TFP loss of 7.7%. Meanwhile, we also find that the misallocation degree of labor
among industries were higher than that of capital, and it was similar to the misallocation among
regions. (3) When to analyze the misallocation degree of single production factor, it is found that the
misallocation of capital among ownership sectors was the most serious, which has led to an annual
TFP loss of around 5%. (4) A series of market-oriented reforms have achieved great results before
2008, and the structural misallocation has gradually eased, especially among the ownership sectors.
However, after the financial crisis in 2008, with a series of policies to stimulate aggregate demand,
the three types of structural misallocation have become worse, especially in labor.

Therefore, the policy implications are that: (1) It is need to continue to deepen structural reform,
effectively shift the focus of policies to the supply side, and strive to promote China’s economic quality
and TFP through optimizing the allocation of factors. While accelerating the development of capital
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market, we must also improve the labor market. (2) Further promoting the upgrade of the industrial
structure is the priority for structural reform. (3) When to optimize the industrial structure, we should
avoid excessive wage differentials among different industries and promote the free flow of labor
forces across industries. When to optimize the regional structure, we should speed up the reform
of household registration system, and realize the migrant workers settle down locally. (4) When to
develop the capital market, we still need to pay more attention to the ownership discrimination in firm
financing, and to construct a fairer environment for private firms.

Nevertheless, the present research also has some limitations. We mainly referred to the HK
model to define the misallocation. If production factors flow from the firm or department with
a low marginal product to the one with a high marginal product, the aggregate output would be
higher. However, this is the only intensive misallocation defined by Banerjee and Moll [8], the more
comprehensive misallocation also includes the distorted entrance and exit of firms, which is an
extensive misallocation. In the future, we will try to introduce the entrance and exit process into our
model [34–37] in order to analyze the structural misallocations more comprehensively. Beyond the
direct loss of contemporaneous output, the dynamic loss led to by misallocation should be paid more
attention [38]. In addition to analyzing the misallocation of production factors, we should still pay
more attention to the misallocation of innovation resources [4,39] or land [40,41].
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