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Abstract: The objective of this paper is to measure the efficiency loss of green innovation caused
by local government competition and explore its causes and evolution characteristics. Based on the
equimarginal principles such as the deviation of the allocation of green innovation output factors, this
paper uses the panel data of China’s provinces (excluding Tibet, Hong Kong, Macao and Taiwan) from
2000 to 2020 and employs the spatial panel measurement model and the Kernel density estimation.
The study finds that first, local government competition causes the mismatch of local innovation
factors not only locally but also in neighboring regions. Second, the mismatch of innovative talents
and capital caused by local government competition lowers the green innovation efficiency. Third,
the shortage of innovative talents caused by local government competition is the main reason for the
loss of green innovation efficiency in Beijing, Tianjin, and Shanghai. Fourth, the degree of efficiency
loss of green innovation at the provincial level in China is heterogeneous in government competition
strategies, and the loss due to tax competition is the most significant. Fifth, although the loss of green
innovation efficiency generally decreases yearly, in the future, the institutional competition will still
hinder the improvement of green innovation efficiency in the eastern, central and western regions of
China. Our policy suggestions include promoting regional cooperation and cultivating innovative
talents to further improve the efficiency of green innovation.

Keywords: local government competition; innovative talent allocation; innovative capital allocation;
green innovation efficiency

1. Introduction

With the world’s attention to sustainable development, the resource-driven develop-
ment model in the past has been challenged. Innovation, especially green innovation, is
a “core engine” of sustainable development. In order to promote technological progress
and sustainable development, the input intensity of innovative elements in various parts
of China has exploded. From 2000 to 2020, the average annual growth rate of innovation
capital investment was 198%, and the full-time equivalent annual growth rate of innovation
personnel was 23%. However, the annual growth rate of green innovation efficiency was
only 6% compared with that of inefficiency in 2002 (Figure 1). In other words, the input of
innovative elements couldn’t be effectively transformed into innovative green output [1],
and the driving force for sustainable development is limited [2]. Hence, at this stage, a
question of theoretical and practical significance is: why can’t the input of innovative
elements effectively facilitate green technological progress and sustainable development?

A fact related to the increased investment in regional innovation factors but low
innovation efficiency is a pronounced regional bias and spatial distortion in allocating
the innovation factors [3]. The literature shows that the spatial mismatch of innovation
elements will significantly inhibit the growth of innovation efficiency, resulting in regional
differences in innovation and ecological development efficiency [4,5]. Hence, at this stage,
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how should we optimize the spatial allocation of innovation elements, improve regional
innovation efficiency, especially green innovation output, and then promote sustainable
development? From the perspective of local government competition, analyzing the root of
spatial mismatch of innovation elements is helpful in explaining the causes and mechanism
of regional green innovation efficiency loss.
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Figure 1. China’s Innovation Factor Input and Green Innovation Efficiency during 2000–2020. Note:
Figure 1 is derived according to the authors’ calculation by taking innovation talents and innovation
capital as input variables and green innovation patents as output variables. This paper calculates
green total factor productivity from 2000 to 2020 through the DEA-SBM model, which can adequately
measure the relative efficiency of green innovation. The data were obtained from the China Statistical
Yearbook, the CSMAR database, and the CNRDS database.

For a country like China, fiscal decentralization makes local governments compete hor-
izontally for limited resources. However, it is a kind of “soft-constrained competition” [6,7].
In the competition process, it is not affected by market factors such as price, cost, and inter-
est rate. However, in order to be competitive, it is necessary to adjust public expenditure,
taxation, and policy, interfere with the allocation of these factors, and facilitate economic
growth. While local government competition helps stimulate innovation and economic
growth [8], it also hurts factor allocation. Under the political governance structure of
“economic decentralization”, local government has greater freedom to maximize its fiscal
revenue or self-interest through government interventions [9]. This leads to the dilemma of
“competition for growth or future”, resulting in investment bias, overcapacity, performance
projects [10], market segmentation [11], and rent-seeking behavior [12]. This further distorts
the allocation of innovation elements.

This paper makes several major contributions. First, it is the first to study the spa-
tial mismatch of innovation elements caused by local government competition. Second,
it analyzes the causes of innovation efficiency loss. Third, it estimates the degree of re-
gional innovation efficiency loss and thus opens the “black box” of green innovation
efficiency loss caused by local government competition. Fourth, our research results pro-
vide policy insights for improving regional green innovation efficiency and achieving
sustainable development.

The main contributions of this paper are achieved by constructing a general equilib-
rium model of multi-sector competition. Starting from the internal mechanism of factor
allocation, the paper evaluates the efficiency loss of green innovation caused by local
government competition in different provinces in China. The above research process is of



Sustainability 2022, 14, 8338 3 of 29

certain significance to scientifically examine local relations, stimulate factor vitality, opti-
mize the allocation of innovative factors, and promote green and sustainable development.

The rest of the paper is organized as follows. First, the general equilibrium model
is constructed to deduce the theoretical framework of the influence of local government
competition on the spatial mismatch of innovation elements and the loss of green innovation
efficiency caused by the mismatch of innovation elements; Second, the spatial panel model
and multi-sector general equilibrium model are constructed to estimate the loss of green
innovation efficiency caused by the misallocation of innovation elements caused by local
government competition. Third, the loss of green innovation efficiency of each province in
China is described and analyzed, and the loss source is decomposed. Fourth, the Kernel
density estimation method is used to describe the loss value and evolution characteristics
of green innovation efficiency in China’s four sectors. And the loss sources are analyzed
from the perspective of local government competition.

2. Literature Review

Scholars have measured the efficiency of provincial green innovation in China. Some
literature have also studied the efficiency of green innovation from the perspective of inno-
vation factor allocation [13]. Most papers argue that optimizing the allocation of innovation
factors can improve green technology innovation efficiency. For example, Yang et al. [14]
believed that industrial agglomeration can improve the allocation of innovation factors
and promote sustainable development. Zhou et al. [15] proposed that accelerating the flow
of innovation factors and optimizing the allocation of innovation factors can improve the
efficiency of the green economy. And many scholars also analyzed the impact of innovation
factors such as capital or talent on green innovation efficiency [16–18]. Focusing on capital
input, some scholars show that the increase of capital input can effectively improve the
input level of enterprises in environmental governance, thus promoting environmental
product innovation and improving green innovation efficiency [16,17]. Some scholars
believe that capital input can be transformed into R&D capital, education capital and
other forms to promote human capital accumulation and effectively improve green innova-
tion [17]. Although optimizing the allocation of innovation factors or increasing their input
levels will help green innovation, the consequent mismatch of innovation factors may also
lower green innovation efficiency. Yang et al. [19] proved that capital mismatch might be
a critical factor inhibiting the improvement of green innovation performance because of
impeding technological innovation. In addition, the agglomeration or transfer of human
capital in a region will also affect the innovation factor allocation in the neighborhood
regions [20].

A key point of local government competition is reflected in the allocation of production
factors. There may be a multi-objective principal-agent relationship between the central
government and local government. If the central government’s incentive target focuses
on economic indicators, local governments may not only allocate resources to industries
conducive to short-term GDP growth but also engage in “factor competition” among
themselves [21,22]. This is done through various means such as fiscal expenditure competi-
tion, tax competition, and institutional competition, distorting the allocation of innovation
factors and hurting the green innovation efficiency. Previous studies also examined the
relationship between local government competition and green innovation efficiency. They
conducted in-depth analysis from multiple perspectives, such as the government’s environ-
mental decentralization structure and resource allocation strategy [23,24]. Among them,
Nie et al. [25] used the data of prefecture-level cities and found that local government
competition can help green innovation through the establishment of development districts.
However, Deng et al. [26] argued for an inverted U-shaped relationship between govern-
ment competition and green technology innovation efficiency. In the context of a “political
tournament”, local governments may adjust the investment ratio between environmen-
tal governance and investment expenditure, pursue short-term growth, and thus hinder
green technology innovation. Zhang et al. [27] divided local government competition into
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three dimensions: growth competition, fiscal competition, and investment competition.
Zhang et al. [27] constructed an empirical model and find that the three competition types
all significantly inhibit green innovation efficiency through the intermediary variable of
environmental regulation.

In conclusion, previous studies show that innovation factor mismatch will lower
green innovation efficiency. However, their conclusions on the impact of local govern-
ment competition on green innovation efficiency are inconsistent. The reason is that the
mechanism of local government competition leading to green innovation efficiency has
not been clarified. Furthermore, the factors for the loss of green innovation efficiency are
attributed to environmental governance expenditure, while the internal mechanism of local
government intervention in the allocation of innovation factors is not discussed. In fact,
local governments may have a strong incentive to intervene in the allocation of innovation
factors as they seek to win the competition under the “promotion tournament”. This
behavior leads to market segmentation, factor flow constraints, factor allocation distortion,
and innovation efficiency loss [28,29]. However, few studies have investigated the loss of
green innovation efficiency from the perspective of distorted allocation of factors under
government competition. As a result, there are still “black boxes” on how local govern-
ment competition affects green innovation efficiency. In addition, studies are done often
without objectively measuring the degree of efficiency loss in green innovation caused by
mismatching of various innovation factors in various provinces.

3. Theoretical Framework
3.1. Local Government Competition and Innovation Elements Mismatch

The spatial economic models represented by the core-edge model include the cost of
factor flow and spatial agglomeration effect in the analysis category, which accords with
the characteristics of innovation factor flow [30]. Hence, it is adopted in this research to
analyze the spatial mismatch of innovation factors.

It is assumed that the entire region is composed of two heterogeneous regions A
and B. And two production factors H and L are used for production, where H represents
innovation factors, such as intellectuals. L is for traditional factors of production, such as
industrial workers. Region A is relatively more developed with more innovation elements
and higher output level and factor cost (in reality, the average wage level in developed
regions is high), while Region B is less developed with less poor innovation elements and
lower output level and factor cost. The total amount of innovation factors is constant in the
two regions. These factors can flow between the regions but with a certain flow cost. The
higher the flow cost, the greater the difference in the price of innovation factors in the two
regions. The production industries in each region can be divided into innovative industry
X with an agglomeration effect and traditional industry Y without an agglomeration effect.
Assuming that consumers in different regions have the same consumption utility function,
the consumption of innovative industries and traditional industries are F1 and F2, and the
price of the innovation factor is expressed as Pi.

Consumer behavior analysis: In all regions, consumers make consumption decisions
to maximize personal utility under budget constraints, as shown below:

maxU = maxFθ
1Fθ−1

2 ; s.t P1F1 + P2F2 = C (1)

where U represents consumer utility and θ represents consumption elasticity. The optimal
solution of (1) can be obtained:

F1 =
θC
P1

; F1 =
(1−θ)C

P2
; (2)
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Assuming that there is a substitution relationship between consumers’ consumption
of the products of the two industries ∂, the consumption objective function of regional
consumers can be expressed as below:

maxUA = (F
(( ∂−1

∂
))

A1 + F
(( ∂−1

∂
))

A1 )

∂
∂−1

;
s.t PA1FA1 + PA2FA2 = θC

(3)

Analysis of producer behavior: The cost of producers is divided into the use cost of in-
novative elements CH and the use cost of traditional elements CL. It is assumed that the use
cost of traditional elements is similar between regions and the relationship between the use
cost of innovation elements in developed regions (CHA) and less developed regions (CHB)
is mainly compared. In order to maximize the revenue of local governments, local govern-
ments have positive incentives to carry out inter-governmental competition. Through fiscal
and tax competition, institutional competition and other means, local governments can
attract the inflow or hinder the outflow of innovative factors to improve regional develop-
ment level and government performance. The institutional bias generated by inter-regional
local government competition is represented by Gi, and the total amount of factor use
is represented by di, which can further express the producers’ objective function profit
maximization as below:

maxπi = Pidi − Gi(CL + CH)di
s.t. di = θP−θ

i
(4)

To construct the Lagrange function, the optimal solution to (4) can be obtained
as follows:

Pi =
∂

∂−1
Gi(CL + CHi) (5)

Equation (5) shows that the innovation factor price Pi is affected by institutional bias
Gi caused by government competition, and the larger the institutional bias Gi caused by
local government competition is, the higher the innovation factor price is, the greater the
resistance of innovation factor flow is, and the innovation factor mismatch is more likely
to occur.

3.2. Mismatching of Innovation Elements and Loss of Green Innovation Efficiency

Based on the analysis framework of innovation factor mismatch caused by local
government competition, the regional green output efficiency is analyzed. The regional
selection of producers determines the spatial allocation of innovation factors and the green
output efficiency of the region. However, in the process of production location transfer,
producers are faced with the transfer cost of elements or products, which includes both
the transportation cost of elements or products and other transaction costs caused by
institutional friction. It is called iceberg cost and set as τ. If manufacturer M in region
A wants to sell 1 unit of product in region B, it must ship products to τ units in region
B (τ ≥ 1). τ-1 units of product will be “melted” during transportation. It is further
assumed that the market volumes of regions A and B are χA and χB respectively, and
χA + χA = 1. Therefore, under the action of institutional bias Gi caused by iceberg cost and
local government competition, the optimal returns of producers in regions A and B can be
expressed as below:

πA = χAPADA +
χAPADA

1 + τ
− GA(CL + CHA)dA (6)

πB = χBPBDB +
χBPBDB

1 + τ
− GB(CL + CHB)dB (7)

To achieve producer and consumer equilibrium, the followings can be obtained:
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πA = χAβ
(

∂
∂ − 1 GACHA

)1−∂
+ 1

1 + τ χBβ
(

∂
∂ − 1 GACHA

)1−∂
− GACHAβ

(
∂

∂ − 1 GACHA

)−∂

= (χA + χB
1 + τ )β

(
∂

∂ − 1 GACHA

)1−∂
−
(

∂ − 1
∂

)
β
(

∂
∂ − 1 GACHA

)1−∂ (8)

πB = χBβ
(

∂
∂ − 1 GBCHB

)1−∂
+ 1

1 + τ χBβ
(

∂
∂ − 1 GBCHB

)1−∂
− GBCHBβ

(
∂

∂ − 1 GBCHB

)−∂

= (χB + χA
1 + τ )β

(
∂

∂ − 1 GBCHB

)1−∂
−
(

∂ − 1
∂

)
β
(

∂
∂ − 1 GBCHB

)1 − ∂ (9)

The output of regional spatial allocation of the two innovation factors is compared,
and the output of producers is also compared with δA/B. We can have:

δA/B =
(χA + χB

1 + τ )β
(

∂
∂ − 1 GACHA

)1−∂

(χB + χA
1 + τ )β

(
∂

∂ − 1 GBCHB

)1−∂
=
(χA + χB + τχA)

(χB + χB + τχB)

(
GACHA

GBCHB

)1−∂

(10)

It can be seen from (10) that regional green output efficiency is determined by local
government system preference |GA−GB|, innovation factor cost difference |CHA−CHB|, and
spatial migration cost (1 + τ). It can be deduced from the above model that local government
competition will lead to a spatial mismatch of innovation elements and then efficiency loss
of green innovation. Among them, iceberg cost τ also reflects the segmentation of regions
A and B. The more serious the segmentation, the higher the iceberg cost, the more difficult
the flow of innovation elements, innovation elements are more prone to spatial mismatch.

It can be deduced from the above model that local government competition will lead
to the spatial mismatch of innovation elements, thus leading to the loss of innovation
efficiency. Green innovation is one of the components of innovative products, which further
proves that local government competition will lead to the spatial mismatch of innovation
elements, leading to the loss of green innovation efficiency.

4. Research Design
4.1. Local Government Competition and Innovation Factor Mismatch
4.1.1. Model Construction of Local Government Competition

(1) Benchmark model

Starting with the allocation of innovative elements, the “black box” of the mechanism
of regional green innovation efficiency loss caused by local government competition can
be opened. Here, we follow the general nested space model (GNSM) established by
Elhorst [31,32], which is a general form of the spatial panel model. In the specific estimation,
one of three forms, namely, spatial error model (SEM), spatial autoregressive model (SAR),
and spatial Durbin model (SDM), is further optimized.

Following Elhorst [31], the effect value of local government competition on the spatial
allocation of innovative elements can be estimated below:

µ = ψ0 + ρTW × µ + Xψ1 + (TW × X)θ0 + ψ2Xcontrol + (TW × Xcontrol)θ1 + φi + φt + ξ;
ξ = λ0(TW × ξ) + ε

(11)

In (11), ψ0 is a constant term,ψ1. ψ2 is K×1 dimensional explanatory variable co-
efficient. K is the number of explanatory variables. ρ is the spatial lag term coefficient
of dependent variables. θ0 and θ1 are the spatial interaction term coefficients of K×1 di-
mensional explanatory variables. φi and φt are the individual effect and the period effect,
respectively. ξ and ε are the random disturbance terms that satisfy the independent and
identically distributed condition.

TW is an exogenous spatio-temporal weight matrix, which reflects the relationship
between the investigated objects from the perspective of space. It is easier to compare
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because of the adjacent areas [33]. Therefore, this paper constructs a spatial geographic
distance weight matrix where wij is calculated by:

wij=

{ 1
|dij| , i 6=j

0, i=j
(12)

In (12), dij is the geographical distance between the provincial capitals of i province
and j province. Specifically, it is the spherical distance between provincial capitals measured
by the Harversine formula shown below:

Harversine =
(

d
R

)
= harversine(|θ1−θ2|) + cosθ1cosθ2 Haevesine(|ϕ1−ϕ2|) (13)

In (13), is the spherical distance between two provincial capitals, R is the radius of
the earth, (θ1, ϕ1) is the latitude and longitude of the provincial capital of region i, and
(θ2, ϕ2) is the latitude and longitude of the provincial capital of region j.

(2) Spatial effect decomposition model

Because the spatial econometric model contains the spatial lag term of variables,
the regression coefficient directly estimated by the model cannot effectively describe the
relationship between variables. According to Lesage et al. [34], explanatory variables
not only directly affect the explained variables but also affect the explained variables
in the adjacent areas. By partial differentiation of the regression equation of the spatial
econometric model, the direct and indirect effects among variables can be decomposed.
Here, due to space limitation, only the decomposition process of SDM is reported [35].

According to the regression equation of the SDM model, its general expression can be
converted below:

(IN − ρW)µ = ξNψ’
0 + ψX + θWX + ε (14)

Ordering T(W) = (IN − ρW)−1 and CM(W) = T(W)·(INψM + θMW), (13) can be sim-
plified to the following by multiplying both sides by T(W):

µ = ∑K
M=1CM(W)XM + T(W)ξNψ’

0 + T(W)ε (15)

Expressed by a matrix, (14) can be transformed into:


µ1
µ2
...
µN−1
µN

=
K

∑
M=1



CM(W)11 CM(W)12 · · · · · · CM(W)12
CM(W)21 CM(W)12 · · · · · · CM(W)12

...
...

. . .
...
...

CM(W)(N−1)1 CM(W)(N−1)2
. . . CM(W)(N−1)N

CM(W)N1 CM(W)NN · · · · · · CM(W)NN




x1M
x2M

...
x(N−1)M

xNM

+T(W)
(

ξNψ’
0 + ε

)
(16)

In (16), XM represents the M explanatory variable. Matrix CM(W) is a partial differential
matrix proposed by LeSage et al. [34], which is suitable for the measurement of spatial econo-
metric models. Among them, the direct effect can be expressed as direct = ∂µi/∂XiM = CM(W)ii,
which measures the average influence of independent variable XiM on internal variables in
this unit. The spatial influence can be expressed as indirect = ∂µi/∂XjM = CM(W)ij, which
measures the average influence of the explanatory variable XiM on the explained variables of
other spatial units, while the total effect caused by the change of explanatory variable XiM is
toltal = CM(W)ii + CM(W)ij.
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4.1.2. Variable Measurement and Data Description

(1) Mismatch coefficient of innovation elements

The mismatch between innovation elements and its resulted green innovation effi-
ciency loss is the focus of this paper. Following the established general equilibrium model
of multi-sector competition [36], the innovation production function containing innovation
elements is constructed, and the efficiency loss caused by mismatch is further measured by
constructing the mismatch coefficient.

Consider an economy with N regions, and the mismatch of elements among regions
is our key concern. Therefore, we can think that the innovative production function of
the same region is the same. That is to say, each region is considered to be engaged
in innovative production activities by an innovative representative enterprise. And all
innovative enterprises use two innovative elements, namely DH (innovative talents) and
DR (innovative capital). Similar to Hsien et al. [4] hypothesized, the distortion of innovative
elements faced by innovative enterprises is reflected in their costs in the form of ad valorem
tax [37]. Therefore, the cost of innovative capital faced by innovative enterprises in region i
is (1+τRit)rt, and the cost of innovative talents is (1+τHit)wt, of which rt and wt respectively
represent the price level of innovative capital and talents when there is no factor price
distortion in the competitive market. τRit and τHit represent the distortion tax of two
innovative elements in region i, respectively. Thus, the innovative production function of
region i is obtained as below:

DYit = TEEit(DH)αi
it (DR)

βi
it (17)

In (17), DYit is the green innovation output of region i in t period. TEEit is the green
innovation efficiency of region i in t period. DHit and DRit are the innovation talents
and capital input of region i in t period. αi and βi are the output elasticity of innovation
talents and capital, respectively. According to Jin et al. [38], the input-output elasticity
of innovation capital and talents in China’s innovation production function, αi, is 1/3.
Furthermore, existing research confirms that the innovation production function roughly
conforms to the assumption of constant returns to scale. Hence, this paper also uses
αi = 1/3 and βi = 1/2. In addition, following existing studies such as Wang et al. [39], it is
further assumed that the final green innovation output of the whole economy is the Cobb-
Douglas production function of green innovation output of each region with a constant
scale of return:

DYt = F(DYit. . . DYNt) = ∏N
i=1DYϕit

it (18)

In (18), DYit represents the total innovation output of the whole economy in t period.
Here, this paper assigns the green invention patent to finally measure the green innovation
output of each region.

We standardize the final innovative product price. That is, Pt = 1. And the price of
intermediate product i is Pit. ϕit represents the output elasticity of region i in t period,
and we have ∑N

i=1ϕit = 1. Then, when the final green innovation output is maximized, the
following can be obtained:

∂DYt

∂DYit
= Pit (19)

Because the return on the scale of the final green innovation output function is constant,
the following can be solved by the Euler theorem:

DYt = ∑N
i=1PitDYit (20)

Further, we have:
∂DYt

∂DYit
= ϕit

DYt

DYit
(21)
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Combining (19) with (21), we have ϕit = PitDYit
DYt

, which is the share i of regional green
innovation output. Furthermore, because there is a significant positive correlation between
R&D personnel and innovation [40], this paper follows Bai et al. [41] and measures the
investment of innovative talents with the full-time equivalent of R&D personnel. Further,
it adopts the perpetual inventory method to measure the investment of innovative capital:

DRit = (1 − η)DRit−1 + DKit (22)

In (22), η is the depreciation rate of innovative capital, which is set at 15% [42]. DKit
is the internal expenditure of R&D funds in each period. The stock of innovation capital
in the base period is DRib = DKib/(gi + η). gi, which indicates the average growth rate of
internal expenditure of R&D funds in region i in the sample period. If DHit and DRit are
exogenous, we have the following constraint:

∑N
i=1(DH)it = DHt, ∑N

i=1(DR)it = DRt (23)

Based on the assumptions above, the profit maximization of the innovative green
production in region i can be expressed as:

max
(DHit,DRit)

πit = PitDYit − (1 + τHit)wt(DK)it − (1 + τRit)rt(DK)it (24)

Then, the following can be obtained based on the first-order condition of
profit maximization:

αiPitYit

(DH)it
= (1 + τHit)wt,

βiPitYit

(DK)it
= (1 + τRit)rt, (25)

According to (25) and (23), the actual investment amount of innovative talents in
region i can be calculated:

(DH)it =
(DH)it

∑N
i=1(DH)it

(DH)t =
αiPitYit

(1 + τHit)wt

∑N
i=1

αiPitYit
(1 + τHit)wt

(DH)t =
αiPitYit

(1 + τHit)wtYit

∑N
i=1

αiPitYit
(1 + τHit)wtYit

(DH)t =
αiϕit

(1 + τHit)

∑N
i=1

αiϕit
(1 + τHit)

(DH)t (26)

When there is no mismatch of innovative talents in region i, τHit = 0. The number of
innovative talents invested in region i under barrier-free conditions is shown below:

(DH)*
it =

αiϕit

∑N
i=1αiϕit

(DH)t (27)

Further, the mismatch degree of innovative talents in region i is measured by using
the proportion of innovative talents actually distributed in region i and the proportion of
innovative talents under barrier-free conditions. That is, the spatial mismatch coefficient of
innovative talents is:

µHit =
(DH)it/(DH)t

(DH)*
it/(DH)t

=
(DH)it/(DH)t

αitϕit
∑N

i=1αiϕit

(28)

If µHit > 1, it means that the actual investment of innovative talents is greater than that
of the barrier-free investment, and the innovative talents market is positively distorted. If
µHit < 1, it means that the actual investment of innovative talents is less than the barrier-free
investment, and there is a negative distortion in the innovative talent market. Similarly, the
mismatch coefficient of innovation capital space µRit can be obtained below:

µRit =
(DR)it/(DR)t

(DR)*
it/(DR)t

=
(DR)it/(DR)t

βiϕit
∑N

i=1βiϕit

(29)
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Since the total return to scale remains unchanged, the sum of the output share of a
factor in each region and the elasticity of that factor in that region is equal to the overall

output elasticity of that factor. So there is αt =
N
∑
i=1

αitϕit, βt =
N
∑
i=1

βitϕit, µRit and µHit can be

respectively expressed as:

µHit =
(DH)it/(DH)t

αitϕit
αt

, µRit =
(DR)it/(DR)t

βitϕit
βt

(30)

(2) Local government competition

According to the primary means of local government intervention when allocating
innovation factors, this paper divides local government competition into three dimensions:
expenditure competition, tax competition, and institutional competition. The specific
measurement methods are as follows:
1© Expenditure Competition (excom): Based on Zhong et al. [43], the total expenditure of

local public finance is measured as the proportion of GDP, and the measurement re-
sults reflect the influence of regional public service supply level caused by expenditure
competition on the spatial allocation of innovation elements.

2© Tax Competition (taxcom): Based on Xiao et al. [44], taxcomit = taxt/GDPt/taxit/GDPit
is used to measure tax competition, in which taxt and taxit represent the total tax
revenue of China in year t and the total tax revenue of region i in year t, respectively.
GDPt and GDPit represent the gross domestic product of China in year t and the gross
domestic product of region i in year t, respectively.

3© Institutional Competition (inscom): Based on Zhang et al. [45], the ratio of regis-
tered population to permanent population is used to measure the level of household
registration system competition.

(3) Other variables

In this paper, industrial structure (Ind), degree of openness to the outside world (Open),
degree of regional industry-university-research cooperation (Unrden), and level of regional
economic development (Eco) were used as control variables that affected the allocation
efficiency of innovation factors. Among them, the industrial structure is measured by
the proportion of the gross output value of the secondary and tertiary industries to the
regional gross output value. The degree of opening to the outside world is measured by
the proportion of export volume to GDP. The reason for choosing this variable is that FDI is
an important channel for cross-border technology transfer, which has a significant impact
on regional innovation and development [46]. The cooperation degree of regional Industry-
University-Research is measured by the proportion of enterprises’ investment in scientific
research institutions and efficient funds. Finally, the regional economic development level
is measured by the regional per capita GDP.

In this paper, the data of 30 provinces and regions in China (excluding Tibet, Hong
Kong, Macao, and Taiwan) from 2000 to 2020 are taken as the research samples. The original
data related to local government competition and innovation factors come from the CSMAR
database, CNRDS database, China Statistical Yearbook of Science and Technology, and
China Statistical Yearbook. Data related to other variables come from the China Population
and Employment Statistical Yearbook, China Science and Technology Statistical Yearbook,
China Statistical Yearbook, the official website of the National Bureau of Statistics, and
provincial statistical bulletins.

4.2. Calculation of Loss of Green Innovation Efficiency Caused by Mismatching of
Innovation Elements

It is necessary to further measure how much green innovation efficiency loss will
be caused by the spatial mismatch of innovation elements caused by local government
competition. Here, the counterfactual test idea is adopted to calculate the degree of
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efficiency loss of green innovation caused by the mismatch of innovation elements due to
local government competition. The specific steps are as follows.

First, calculate the efficiency loss of each province in the sample period. First, substi-
tuting (29) into (17), the actual green innovation output can be obtained as below:

DYit = TEEit

[
ϕitαi

αt
µHit(DH)t

]αi
[

ϕitβi
βt

µRit(DR)t

]βi

(31)

The output without resource allocation distortion can be expressed as:

DY*
it = TEEit

[
ϕitαi

αt
(DH)t

]αi
[

ϕitβi
βt

(DR)t

]βi

(32)

Taking logarithms on both sides of (31) and (32), we have the followings:

lnDYit = lnTEEit + ln

{
ϕit

[
αi
αt

]αi
[

βi
βt

]βi
}

+ αiln(DH)t + βiln(DR)t + αilnµHit + βilnµRit (33)

lnDY*
it = lnTEEit + ln

{
ϕit

[
αi
αt

]αi
[

βi
βt

]βi
}

+ αiln(DH)t + βiln(DR)t (34)

Since ∆lnDYit = ln DYit
DYit−1

= lnDYit−lnDYit−1, where ∆lnDYit represents the green in-
novation output growth rate of region i with innovation resource mismatch in period t,
∆lnDYit can be decomposed into the following according to (33):

∆lnDYit = ∆lnTEEit + ln

{
ϕitα

αi
t−1β

βi
t−1

ϕit−1α
αi
t β

βi
t

}
+ αi∆ln(DH)t + βi∆ln(DR)t + αt∆lnµHit + βt∆lnµRit (35)

Similarly, when there is no mismatch of innovation elements in t period, the growth
rate of green innovation output can be expressed as:

∆lnDY*
it = ln DY*

it
DYit−1

= lnDY*
it−lnDYit−1

= ∆lnTEEit + ∆ln
{

ϕitα
αi
t−1β

βi
t−1

ϕit−1α
αi
t β

βi
t

}
+ αt∆ln(DH)t + βt∆ln(DR)t

(36)

Further, we can build the following model measuring the loss of green innovation
output growth rate of region i in t period:

∆lnDYit−∆lnDYit = −αt∆lnµHit−βt∆lnµRit (37)

In (37), −αt∆lnµHit is the loss of innovation growth rate caused by green innova-
tion talent mismatch. −βt∆lnµRit is the loss of green innovation growth rate caused by
innovation capital mismatch.

Assuming that the whole economy will reach a competitive equilibrium in every
period, we can obtain the following:

lnDYt = ∑N
i=1ϕitlnDYit (38)

Then, the growth rate of green innovation output of the whole economy is derived as:

∆lnDYt=
N
∑
i=1

ϕitlnDYit

=
N
∑
i=1

ϕit∆lnTEEit +
N
∑
i=1

ϕit∆ln
{

ϕitα
αi
t−1β

βi
t−1

ϕit−1α
αi
t β

βi
t

}
+

N
∑
i=1

ϕitαi∆ln(DH)t +

∑N
i=1ϕitβt∆ln(DR)t + ∑N

i=1ϕitαt∆lnµHitt + ∑N
i=1ϕitβt∆lnµRit

(39)
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Similarly, when there is no element mismatch, the growth rate of green innovation
output is:

∆lnDY*
t =

N
∑
i=1

ϕitlnDYit

=
N
∑
i=1

ϕit∆lnTEEit +
N
∑
i=1

ϕit∆ln
{

ϕitα
αi
t−1β

βi
t−1

ϕit−1α
αi
t β

βi
t

}
+

N
∑
i=1

ϕitαt∆ln(DH)t +
N
∑
i=1

ϕitβt∆ln(DR)t

(40)

Then, the growth rate loss of the whole economy in t period is:

Ye = ∆lnDY*
t−∆lnDYt = −∑N

i=1ϕitαt∆lnµHit−∑N
i=1ϕitβt∆lnµRit (41)

In (41), Y(µHit)e = −∑N
i=1ϕitαt∆lnµHit is the total green innovation output growth

rate loss due to the innovation talent mismatch. Y(µRit)e = −∑N
i=1ϕitβt∆lnµRit is the total

green innovation output growth rate loss due to innovation capital mismatch. Further, the
following relationships hold:

µ

ψiXi
=

Y(µ)e
Y(ψiXi)e

(42)

Y(ψiXi)e =
ψiXi

µ
Y(µ)e (43)

That is, the loss of the national average annual growth rate of green innovation output
due to the local government competitive factor Xi and the loss of the annual growth rate of
green innovation output in each province during the inspection period can be calculated
based on (43).

In the following empirical analysis, the flow chart of specific measurements is shown
in Figure 2:
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5. Analysis of the Mismatch of Innovation Factors Due to Local
Government Competition

Before estimating the effect of local government competition on the mismatch of
innovation elements, we test the spatial correlation between innovation talents and capital
mismatch. The results are shown in Table 1. Table 1 shows a significant spatial correlation
between the allocation of innovative elements in most years. Therefore, it is more robust to
employ the spatial panel model for analysis.
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Table 1. Morans’ I test results of the allocation of innovative elements.

Year 2000 2001 2002 2003 2004 2005 2006

µHit
0.118 **
(1.702)

−0.007
(0.335)

0.087 *
(1.34)

0.083 **
(1.96)

0.204 ***
(2.945)

0.083 ***
(2.67)

0.144 **
(2.124)

µRit
−0.017
(0.201)

−0.067
(−0.385)

−0.072
(−0.428)

−0.061
(−0.349)

0.035
(0.781)

−0.003
(0.558)

0.056
(1.045)

Year 2007 2008 2009 2010 2011 2012 2013

µHit
0.181 **

(2.3)
0.168 **
(2.12)

0.144 **
(2.12)

0.244 ***
(3.13)

0.138 **
(2.08)

0.133 **
(1.862)

0.068
(1.19)

µRit
0.160 **
(2.109)

0.164 **
(2.100)

0.056
(1.045)

0.241 ***
(3.03)

0.150 **
(2.226)

0.133 **
(1.89)

0.118 **
(1.68)

Year 2014 2015 2016 2017 2018 2019 2020

µHit
0.111 **
(1.69)

0.045
(0.91)0.905

0.079 *
(1.31)

0.08
(1.26)

0.22 ***
(2.73)

0.204 ***
(2.51)

0.158 **
(2.04)

µRit
0.084 *
(1.35)

0.140 **
(1.87)

0.135 **
(1.82)

0.104 *
(1.47)

0.132 **
(1.75)

0.121 *
(1.63)

0.109 *
(1.52)

Note: *, **, *** Significance at 10 percent, 5 percent, 1 percent level, “ () ” inside is the z value. Source: Researcher’s
calculation using Matlab.

In the process of estimating the spatial mismatch of innovative elements affected by
local government competition, LM, Wald, and LR tests were conducted on the sample data
of each model to select the most robust one [47]. We find that the SAR model with the
time fixed effect is more appropriate for estimating the joint effect of local government
competition on innovative talents and capital mismatch. The estimated results are shown
in Table 2.

Table 2. Estimated results of the effect of local government competition on the mismatch of
innovation elements.

Excom Taxcom Inscom Xcontrol ρ LMerr LMlag R2 Individual Time

µHit
1.494 ***
(4.056)

0.154 ***
(3.321)

0.903 **
(2.481) Y 0.377 ***

(6.306) [0.345] [0.009] 0.2797 N Y

µRit
0.899 ***
(2.596)

0.123 ***
(2.791)

0.906 ***
(2.595) Y 0.361 ***

(6.027) [0.343] [0.023] 0.1286 N Y

Note: ** represents the significance level of 5% and *** represents the significance level of 1%, ”()” inside is the t
value and ”[]” inside is the p value. Source: Researcher’s calculation using Matlab.

The results in Table 2 show that the local government’s expenditure, tax, and insti-
tutional competition will lead to the mismatch between innovative talents and capital.
Furthermore, the mismatch between innovative talents and capital due to expenditure and
institutional competition is greater than tax competition. Moreover, the local government’s
means of tax competition, which aims to compete for elements, plays a less significant role
in competing for innovative elements than expenditure and system competition. In order
to make the estimation results more accurate and objective, the above estimation results
are decomposed again. The decomposition results of the three competitive behaviors are
shown in Table 3.

From Table 3, we can see that the direct, indirect, and total effects of marginal effects
of the three competitive means on the allocation of innovative talents are ranked as ex-
penditure competition effect > institutional competition effect > tax competition effect.
The direct, indirect, and total effects of marginal effects on the allocation of innovative
capital are ranked as: institutional competition effect > expenditure competition effect > tax
competition effect.
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Table 3. Decomposition results of mismatch effect of innovation factors influenced by local govern-
ment competition.

Direct Effect Indirect Effect Total Effect

Effect Category Variable µHit µRit µHit µRit µHit µRit

excom 1.549 ***
(4.015)

0.935 **
(2.571)

0.872 ***
(3.083)

0.491 **
(2.219)

2.421 ***
(3.984)

1.426 **
(2.558)

taxcom 0.157 ***
(3.429)

0.125 ***
(2.875)

0.088 ***
(2.697)

0.066 **
(2.366)

0.245 ***
(3.354)

0.190 ***
(2.828)

inscom 0.959 ***
(2.655)

0.958 ***
(2.774)

0.544 **
(2.274)

0.505 **
(2.396)

1.503 ***
(2.612)

1.464 ***
(2.757)

Note: ** represents the significance level of 5% and *** represents the significance level of 1%, “ ()” inside is the t
value. Source: Researcher’s calculation using Matlab.

Therefore, tax competition contributes the least to the mismatch of innovation ele-
ments, while the change of innovation capital allocation is more sensitive to institutional
competition, and the change of innovation talent allocation is more susceptible to ex-
penditure competition. When the intensity of institutional competition increases by one
standard deviation, the total mismatch of innovation capital will increase by 1.464 standard
deviations. This results in 65.44% of innovation capital in the local area and 34.56% of
innovation capital in neighboring regions. When the intensity of expenditure competition
is increased by one standard deviation, the overall mismatch degree of innovative talents
will be increased by 2.421 units, and the mismatch contribution of innovative talents in local
regions is greater than that of neighboring regions, which are 63.98% and 36.02%, respec-
tively. Hence, the means of expenditure competition will not only cause the mismatch of
innovative talents in the local region but also distort the allocation of innovative talents in
neighboring regions. Tang et al. [12] also proved that local government competition causes
factor market distortion. However, their market distortion focuses on overall factors but
not innovation factors. In contrast, this paper focuses on the analysis of the interregional
allocation of innovation factors, and the analysis results can better explain how to stimulate
the vitality of innovation factors and promote sustainable development.

6. Analysis of the Measurement Results of Green Innovation Efficiency Loss Due to
Local Government Competition
6.1. Measurement Results and Difference Analysis of Provincial Green Innovation Efficiency Loss
6.1.1. Calculation Result of Regional Green Innovation Efficiency Loss Caused

The green innovation efficiency loss caused by the mismatch of innovative talents
and capital caused by local government competition is measured separately. The average
results of each province in the sample period are shown in Table 4.

Table 4 shows that the efficiency loss of green innovation caused by innovation factor
mismatch due to tax competition is greater than that due to institutional and expendi-
ture competition. That is, tax competition has the strongest impact on green innovation
efficiency. Deng et al. [48] also proved that tax competition has a significant effect on the
efficiency of green technology innovation. However, because they estimated the effect of tax
competition on green technology innovation efficiency using a “black box”, the mismatch
due to tax competition cannot be identified [49]. Compared with previous studies, this
paper reveals the “black box” that tax competition reduces green innovation efficiency and
better explains why different kinds of tax reduction will produce differentiated effects on
technological change. In addition, local government competition not only caused the loss of
green innovation efficiency in Beijing, Tianjin, Hebei, Hebei, Shanxi, Inner Mongolia, Liaon-
ing, Heilongjiang, Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Shandong, Henan, Hunan,
Guangdong, Guangxi, Hainan, Chongqing, Guizhou, Yunnan, Ningxia, and Xinjiang but
also helped enhance regional green innovation efficiency in Jilin, Jiangxi, Hubei, Sichuan,
Shaanxi, Gansu, and Qinghai. However, there are differences in the loss of innovation
efficiency due to the mismatch between innovative talents and capital. The competition
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among local governments in Hebei, Shanxi, Inner Mongolia, Jilin, Anhui, Fujian, Jiangxi,
Henan, Qinghai, and Ningxia resulted in the over-allocation of innovative talents. Fur-
thermore, the regional innovation efficiency has improved due to the agglomeration of
innovative talents. However, the over-allocation of innovative capital causes the loss of
innovation efficiency, which may be due to the knowledge and technology spillover effect
of over-agglomeration of innovative talents. However, over-agglomeration of capital will
produce a space crowding-out effect, resulting in the loss of overall green innovation effi-
ciency. Different from the provinces and regions, the competition among local governments
leads to a shortage of innovative talents in Beijing, Tianjin, and Shanghai, which leads to
an efficiency loss. However, the over-allocation of innovative capital improves the green
innovation efficiency, which may be due to the fact that these three regions hold priority
for development, and the scale effect of green innovation brought by capital agglomeration
is stronger.

Table 4. Average value (%) of green innovation efficiency loss caused by factor mismatch due to local
government competition in different provinces.

Province
Innovative Talents Innovation Capital

Excome Taxcom Inscom Excome Taxcom Inscom

Beijing 0.599 0.312 0.605 −0.239 −0.209 −0.370
Tianjin 0.044 0.033 0.033 −0.022 −0.038 −0.037
Hebei −0.005 −0.008 0.001 0.024 0.127 0.000
Shanxi −0.029 −0.029 −0.002 0.046 0.125 0.005

Inner Mongolia −0.009 −0.017 −0.001 0.073 0.185 0.010
Liaoning 0.072 0.126 0.004 0.033 0.125 −0.002

Jilin −0.030 −0.045 −0.001 0.001 0.016 0.001
Heilongjiang −0.021 −0.030 0.000 0.141 0.392 0.019

Shanghai 0.307 0.181 0.351 −0.151 −0.106 −0.257
Jiangsu 0.029 0.042 0.008 0.065 0.122 0.020

Zhejiang 0.200 0.411 0.101 0.556 1.215 0.505
Anhui −0.006 −0.031 −0.001 0.106 0.117 −0.073
Fujian −0.012 −0.032 −0.004 0.057 0.141 0.013
Jiangxi −0.027 −0.048 0.004 0.019 0.027 −0.005

Shandong 0.071 0.259 0.001 0.002 0.180 0.001
Henan −0.052 −0.128 0.029 0.094 0.383 −0.052
Hubei −0.059 −0.127 0.014 −0.019 −0.009 0.003
Hunan −0.008 0.015 0.007 0.124 0.517 −0.016

Guangdong 0.085 0.207 0.076 0.133 0.262 0.181
Guangxi 0.000 0.000 0.005 0.099 0.226 −0.014
Hainan 0.012 0.010 0.001 0.048 0.045 0.004

Chongqing 0.073 0.073 −0.027 0.204 0.383 −0.149
Sichuan 0.013 −0.052 −0.008 −0.028 −0.119 0.007
Guizhou 0.007 0.002 −0.005 0.143 0.119 −0.071
Yunnan 0.014 0.009 0.001 0.226 0.227 0.029
Shaanxi 0.011 0.024 0.005 −0.106 −0.183 −0.019
Gansu −0.052 −0.061 0.001 −0.001 −0.006 0.001

Qinghai −0.128 −0.081 0.008 0.028 0.020 −0.002
Ningxia −0.008 −0.007 −0.001 0.048 0.048 0.009
Xinjiang 0.036 0.025 0.001 0.280 0.433 −0.001

6.1.2. Analysis of Loss Difference Caused by Three Means of Competition
among Provinces

In order to analyze the difference in green innovation efficiency loss caused by inno-
vation element mismatch caused by local government competition, the scatter plot of the
innovation element mismatch and efficiency loss is displayed. The vertical solid line in
Figures 3 and 4 indicates that the average degree of innovation element mismatch caused
by local government competition is 1. The left side of the vertical line is the region where
the innovation element is under-allocated. The right side is the region where the innovation
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element is over-allocated. The baseline is the zero-value line of green innovation efficiency
loss. The upper part indicates green innovation efficiency decrease, and the lower part
indicates the opposite. Among them, Figure 3 shows the difference in green innovation
efficiency loss caused by the mismatch of innovative talents due to local government
competition. Figure 4 shows the difference in green innovation efficiency loss caused by
innovation capital mismatch caused by local government competition.
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Figure 3 shows that due to local government competition, Beijing, Zhejiang, Guang-
dong, Jiangsu, Shanghai, Chongqing, Liaoning, Shandong, and Tianjin have an insufficient
allocation of innovative talents, hurting innovation and green efficiency. Beijing, Zhejiang,
and Shanghai have the most severe loss, followed by Shandong. The reason may be that
Beijing, Zhejiang, and Shanghai have a higher degree of openness, a stronger external
competition, and a stronger willingness to innovate. As a result, their long-term and rapid
development have enabled them to establish an environment for innovation and develop-
ment. And the demand for innovative talents is greater. Qinghai, Shaanxi, Gansu, Hebei,
Henan, Inner Mongolia, Jiangxi, Shanxi, Jilin, Anhui, Ningxia, Sichuan, Heilongjiang,
Guangxi, Hunan, and Hubei and other provinces (regions) have over-allocated innovative
talents. Under the combined effect of knowledge and technology spillovers from talent
aggregating, innovation efficiency has improved. Competition among local governments in
Guangxi and Hainan has led to a high degree of mismatch of innovative talents. However,
its small share of green innovation output has less impact on the overall efficiency.
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Figure 4 shows that due to local government competition, innovation capital shortage
has occurred in Zhejiang, Guangdong, Heilongjiang Chongqing, Fujian, Xinjiang, Guangxi,
Hunan, Henan, Yunnan, and other regions, hurting green innovation efficiency. Among
them, the efficiency loss caused by the lack of innovation capital in Guangdong is the largest,
followed by Guangdong, Chongqing, and Heilongjiang. Thus, although Zhejiang is more
developed economically and has accumulated a large amount of innovation capital, local
government competition resulted in a loss of innovation capital. Consequently, innovation
capital is insufficient to support Zhejiang’s future development of green innovation. On the
contrary, under the competition of local governments, over-allocation of innovation capital
has occurred in Beijing, Shanghai, Sichuan, Shaanxi, Hubei, Tianjin, and other regions.
However, under the scale effect of capital agglomeration, green innovation efficiency has
been improved. In addition, the intergovernmental competition between Liaoning and
Anhui also leads to the over-allocation of innovation capital. However, the over-allocation
does not show the scale effect, only the crowding-out effect, hurting the overall green
innovation efficiency. In Qinghai, Inner Mongolia, Jiangxi, Shanxi, and other regions, local
government competition has caused the over-allocation of innovative capital, but the green
innovation efficiency loss is slight.

Figures 5 and 6 show that the loss of green innovation efficiency caused by different
competitive strategies is different. In the green innovation efficiency loss caused by the
mismatch of innovative talents, tax competition has the most significant impact. This
causes severe efficiency losses in Beijing, Shanghai, Zhejiang, Shandong, and Guangdong,
and small losses in Henan, Chongqing and other places, while improving the innovation
efficiency in Beijing, Hubei, Sichuan, Gansu, and Qinghai. Institutional competition has
the same effect as expenditure competition, but it also causes the loss of innovation effi-
ciency in Beijing, Shanghai, Zhejiang and Guangdong. In the process of innovation capital
mismatch, tax competition still has the strongest impact, resulting in severe innovation
capital shortage and green innovation efficiency loss in Heilongjiang, Zhejiang, Guang-
dong, Yunnan, and Chongqing. At the same time, however, tax competition also makes the
innovation capital in Beijing, Tianjin, Shanghai, Shaanxi and other provinces aggregate, or
even over-allocate. This enhances the overall green innovation efficiency because of the
agglomeration effect. Institutional competition and expenditure competition still play the
same role, which further aggravates the shortage of innovation capital in Zhejiang, Guang-
dong and other provinces, reducing green innovation efficiency. Therefore, the Eastern
coastal provinces should form a “strong alliance”, reduce the competition among them,
overcome the shortage of innovation elements, and improve green innovation efficiency.
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ment competition.

6.1.3. Analysis of the Difference in Losses Caused by the Three Competitive Means
over Time

Figure 7 shows the following three points. First, from the overall trend analysis, the
local government competition leads to the mismatch of innovative talents, and the loss
of regional green innovation efficiency decreases yearly. In 2000, the total efficiency loss
caused by the three competitive strategies was 5.30%, dropping to 1.96% in 2020. The reason
for the decrease in efficiency loss may be that policies such as college enrollment expansion
accelerated the accumulation of innovative talents and partially alleviated the shortage of
innovative talents. Second, through the analysis of competitive means, the degree of green
innovation efficiency loss caused by tax competition changes significantly with time, with
the direct efficiency loss decreasing from 2.36% in 2000 to 0.53% in 2020. And the indirect
efficiency loss decreased from 1.32% in 2000 to 0.30% in 2020. The trend of green innovation
efficiency loss caused by institutional is more stable than that caused by tax competition,
but the overall trend is still declining with time. The efficiency loss caused, directly and
indirectly, decreased from 0.18% and 0.10% in 2000 to 0.05% and 0.03% in 2020, respectively.
The loss of green innovation efficiency caused by competition has a smaller variation, but
the overall trend is still a fluctuation-type decline. Thirdly, it is analyzed by time periods.
The changing trend of green innovation efficiency loss caused by tax competition and
expenditure competition is basically the same, showing an approximate “W” shape. The
loss of green innovation efficiency decreased from 2000 to 2004 and increased from 2004 to
2007. However, it showed a downward trend from 2007 to 2009 and a slow upward trend
from 2009 to 2015. After 2015, the overall trend is downward. Among them, the reduction
ratio of green innovation efficiency caused by expenditure competition is 0.07 annually, and
the value of green innovation efficiency loss caused by tax competition decreased by 0.2
in 2017 compared with 2015. The loss of green innovation efficiency caused by institution
competition changes steadily with time, showing a slight downward trend overall, with an
average annual reduction rate of 3.66%.
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Figure 7. The trend of efficiency loss caused by a mismatch of innovative talents caused by local
government local competition.

Figure 8 shows that, overall, the local government competition leads to the mismatch
of innovation capital, and then the efficiency loss decreases year by year. This indicates
that the green innovation efficiency loss caused by tax competition reduced from 16.34% in
2000 to 2.10% in 2020, with an average annual reduction rate of 4.36%. The loss of green
innovation efficiency caused by expenditure decreased from 5.33% in 2000 to 1.36% in
2020, with an average annual reduction rate of 3.75%. However, the green innovation
efficiency moved upward from −0.45% in 2000 to −0.19% in 2020. Moreover, expenditure
competition is unstable, showing an approximate “W”-shape over time. Although the
overall trend is downward, there is a slight upward trend in 2006, 2015, and 2018 compared
with the previous year. Although the tax competition is relatively stable, its direct efficiency
loss also increased significantly in 2013 and 2018. The trend of green innovation efficiency
loss caused by institutional competition is similar to that of expenditure competition, and it
also improved insignificantly between 2013 and 2018. This may be related to the overall
overheating of the real estate market after 2013.
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6.2. Dynamic Difference Analysis of Green Innovation Efficiency Loss Caused by Local
Government Competition in Four Sectors

In order to further analyze the characteristics of green innovation efficiency loss caused
by local government competition in East, Central, West, and Northeast China, this paper
analyzes the trend and dynamic distribution characteristics of green innovation efficiency
loss caused by local government competition in four major sectors.

6.2.1. Trend Difference Analysis

Trend analysis is shown in Figures 9 and 10. Among them, Figure 9 shows that the
green innovation efficiency loss caused by local government competition in the western
region is the smallest, and even the competition between tax and system leads to the over-
allocation of innovative talents, which also slightly improves the green innovation efficiency.
Institutional competition in Northeast China has also promoted the over-allocation of
innovative talents and improved green innovation efficiency. However, the mismatch of
innovative talents caused by the competition between expenditure and tax revenue causes
less loss of green innovation efficiency. The average loss of green innovation efficiency
caused by the mismatch of innovative talents caused by institutional competition in the
central region is smaller than in the Eastern region. Deng et al. [50] showed that the
impact of local government competition on green innovation performance has regional
heterogeneity due to different resource endowments among provinces in China, which
indirectly confirms the reliability of our research conclusion. However, different from
Deng et al. [50], this paper starts with the change of innovation factor allocation and further
analyzes the root cause of regional heterogeneity of the loss of green innovation efficiency
caused by local government competition. Our research results can provide a basis for each
region to formulate its policies to improve green innovation efficiency.
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The efficiency loss caused by the mismatch of innovative talents caused by local
government competition in eastern China generally shows a downward trend. Among
them, the efficiency loss caused by institutional competition decreased from 0.18% in 2000
to 0.01% in 2020, and the efficiency loss caused by tax competition decreased from 3.05% in
2000 to 0.98% in 2020. The yearly average reduction rate was 3.39%, and the efficiency loss
caused by expenditure competition decreased from 0.98% in 2000 to 0.82% in 2020. However,
over time, the efficiency loss caused by local government competition in the eastern region
increased in 2007, 2014, and 2018 compared with the previous year, showing a fluctuating
downward trend year by year. The efficiency loss caused by institutional competition
fluctuated most violently. The efficiency loss caused by the competition between tax
revenue and expenditure in the Western region changed steadily with time, only increasing
in 2007 and 2015 and then continued to change steadily. However, the efficiency loss caused
by institutional competition fluctuated steadily over time and showed a declining trend
overall, with an annual decline rate of 7.59%. The change of green innovation efficiency
loss in Central and Northeast China is relatively stable. Still, the efficiency loss caused by
the mismatch of innovative talents caused by institutional competition increases yearly.
It can be seen that the loss of innovation efficiency caused by institutional competition
has converged in the Eastern region. However, it is still diverging in the Central and
Northeast regions.

Figure 10 shows that from the degree of green innovation efficiency loss caused by
various sectors, the efficiency loss caused by innovation capital mismatch in the eastern
region is still more significant than that caused by institutional competition in other regions.
From 2000 to 2020, the average efficiency loss caused by innovation capital mismatch
caused by local government competition in the eastern region was 0.06%. In the Central,
Western, and Northeast regions was 0.14%, 0.20%, and 0.02%, respectively. From the trend
analysis, the efficiency loss caused by the mismatch of innovative capital due to competition
among various sectors is greater than the mismatch of innovative talents, and the overall
decrease from 2000 to 2020 is smaller.

Among them, the efficiency loss of the mismatched part caused by tax competition
in the eastern region showed an “M” shape, which increased significantly in 2008 and
2018, respectively. The efficiency loss caused by institutional competition has the smallest
fluctuation range, rising and falling from time to time in 2000 to 2012. Some changes caused
by competition are relatively stable, but in 2020, it decreased compared with 2000, and
the loss of green innovation efficiency changed from 0.11% to 0.87%. The institutional
competition in the central region fluctuates lesser, showing a “V” shape. Before 2009, it
showed a downward trend yearly. However, after 2009, it showed an upward trend year by
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year, resulting in a smaller reduction in efficiency loss in 2020 than in 2000. The loss of green
innovation efficiency caused by competition with tax expenditure is more significant, and
the change is relatively unstable. The efficiency loss caused by the mismatch of innovation
capital caused by institutional competition in the western region is still quite significant,
with an approximate “N” shape over time. It showed a downward trend year by year from
2000 to 2009, but it showed an upward trend from 2009 to 2015 and a downward trend
from 2015 to 2020. The loss of green innovation efficiency caused by expenditure and tax
competition has not changed much over time. It showed a slow downward trend from 2000
to 2009 but gradually increased since 2000. Comparing the loss of innovation efficiency
caused by expenditure and tax competition in 2020, the loss of green innovation efficiency
caused by expenditure and tax competition has decreased in recent years.

Compared with other regions, the efficiency loss caused by the mismatch of innovation
capital caused by local government competition in Northeast China is small, with slight
fluctuation over time. The most significant loss of green innovation efficiency is caused by
tax competition, but the change is relatively stable. Institutional competition is conducive
to the excessive accumulation of innovation capital, which leads to the scale effect and
improves green innovation efficiency. At the same time, under the action of institutional
competition, the green innovation efficiency loss in Northeast China turns from positive
to negative.

6.2.2. Analysis of Dynamic Distribution Differences

This paper uses the Kernel density estimation to compare the trend difference of
efficiency loss caused by innovation resources mismatch in different regions. The Kernel
estimation can objectively describe the distribution of green innovation efficiency loss
caused by local government competition in different years. Suppose random variable
Y = (y1,y2,· · · yn) is independent and identically distributed, and there is a random variable
X, whose density function is f(x). The Kernel density function can be expressed as:

f(x) =
1

nh∑n
i=1K

(
yi−y

h

)
(44)

where n is the number of individuals in the investigation period. h is the window width,
which determines the smoothness of the density function. The kernel function is K(·).
According to (44), this paper employs the Gaussian kernel function to estimate the kernel
density. The method of determining the window width of the Gaussian kernel function is
h = 0.9SeN0.2, where Se is the standard deviation with the observation of random variables
and N is the number of provinces in the region. This paper designs the loss of innovation
output growth rate in different years. If this standard is used to determine the window
width, the nuclear density maps in different years will be incomparable. Therefore, con-
sidering the comprehensive factors such as the mismatch degree of regional innovation
elements caused by different competitive factors and the effectiveness of time trend compar-
ison, this paper chooses the same window width in different years to adequately describe
the dynamic evolution characteristics.

From the distribution position analysis, as shown in Figure 11a, the core density
diagram of the green innovation efficiency loss caused by the national overall expenditure
competition tends to concentrate on the zero axis, which indicates that the green innovation
efficiency loss caused by the national overall expenditure competition has been alleviated.
As shown in Figure 11b,c, there is a left-shift phenomenon in the nuclear density map of
the eastern, northeast, and central regions. That is, the loss of green innovation efficiency
caused by expenditure competition between eastern and central regions has a downward
trend. In Figure 11d, there is a small right-moving trend there is a slight trend to the right,
which indicates that there is upward pressure on the efficiency loss in the West. Figure 11e
shows that the distribution of northeast China is similar to that of eastern and central China.
From the analysis of the distribution pattern, as shown in Figure 11a, the height of the
main peak first rises and then falls. The overall performance shows a downward trend,
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which indicates that the dispersion degree of green innovation efficiency loss caused by the
expenditure competition is scattered.
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Among all the plates, except Figure 11e, which firstly rises and then falls, the main
peaks in other figures gradually decrease. This indicates that the dispersion degree of green
innovation efficiency loss caused by the expenditure competition in the entire country,
Eastern, Central, and Northeast regions is expanding. From the analysis of distribution
extensibility, the distribution curves of Figure 11b,d,e are all right-tailed, but overall, it
shows extended convergence, which indicates that in East, West and northeast regions,
the difference in average efficiency loss between provinces with higher green innovation
efficiency loss and regions gradually decreases. Still, as shown in Figure 11c, the Central
region is not right-tailed, which indicates that the difference in green innovation efficiency
loss caused by expenditure competition is small among provinces. From the analysis of
polarization characteristics of distribution, the distribution curve in Figure 11b shows multi-
peaks, which indicates that the loss of green innovation efficiency caused by expenditure
competition has polarization characteristics among eastern provinces. Over time, the
distribution curve in Figure 11c,e shows a trend of double peaks-single peaks. This indicates
that the multi-polarization phenomenon in central and northeast regions is gradually
attenuated. As shown in Figure 11d, the distribution curve changes from multiple peaks to
single peaks. This indicates that the multi-polarization characteristics in west region are
weakened as a whole. In other words, the loss of green innovation efficiency caused by
expenditure competition has a spatial diffusion effect.

From the distribution position analysis, as shown in Figure 12a, the distribution
curve of green innovation efficiency loss caused by tax competition in China has somewhat
changed, which indicates that the green innovation efficiency loss caused by tax competition
does not decrease significantly. Among the four plates, as shown in Figure 12b, the
distribution curve changes with time and presents a "left-right" evolution state, but overall,
it shifts to the right, the loss of green innovation efficiency caused by tax competition in
east region decreases first and then increases. but on the whole, it has an upward trend. As
shown in Figure 12c, the distribution curve shifts to the left over time. It shows the loss
of green innovation efficiency caused by tax competition in this region has a downward
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trend. However, in Figure 12d, the distribution curves of the Western regions shift slightly
to the right over time, this implies that the loss of green innovation efficiency caused by
tax competition in these has an upward pressure. Figure 12e shows that the distribution
positions of northeast region and central region are similar. From the analysis of the
distribution pattern, as shown in Figure 12a, the height and width of the main peaks in
China vary slightly. It can be seen that the dispersion degree of green innovation efficiency
loss caused by tax competition varies slightly with time all over the country.
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And the distribution curves in Figure 12b,c show the characteristics of “low-high-low”,
but the overall peak value has declined, which indicates that the dispersion degree of
green innovation efficiency loss caused by tax competition in east and central regions
has expanded with time. And the peak value in Figure 12d,e has not changed much, but
the width has decreased year by year. That is, the dispersion degree of green innovation
efficiency loss caused by tax competition in west and northeast regions has been shrinking.
From the analysis of distribution extensibility, the distribution curves in each graph all show
a right tail phenomenon, but it shows a trend of extended convergence, which indicates that
the difference in green innovation efficiency loss among the whole country and each plate
is gradually decreasing. From the analysis of the polarization characteristics of distribution,
the overall distribution curve in Figure 12a has a double peak in most years, which indicates
that the tax competition in a certain province has caused significant efficiency loss. In most
years, the distribution curve in Figure 12b,c shows a multi-peak state, with the main peak
distributed around 0. Still, there are several sub-peaks on the right side, which indicates
that the loss of green innovation efficiency caused by tax competition in east and central
regions has a multi-polarization phenomenon in different provinces. In most years, the
distribution curve in Figure 12d,e shows a single peak. Moreover, the efficiency loss caused
by the internal tax competition in west and northwest regions has a convergent tendency.

From the distribution position analysis, the distribution curve in Figure 13a–c shifts
slightly to the left with time, which indicates that the degree of green innovation efficiency
loss caused by institutional competition in the whole country, eastern and central regions
had a downward trend. As shown in Figure 13d, the distribution curves have shifted
slightly to the right with time. The Western region has the most significant shift degree,
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which indicates that its green innovation efficiency loss caused by institutional competition
also has substantial upward pressure. As shown in Figure 13e, the distribution curves have
shifted slightly to the left with time, but the change is not obvious. From the analysis of the
distribution pattern, as shown in Figure 13a, the peak value of the distribution curve shows
a trend from high to low with time and a gradual increase in width. This indicates that the
dispersion degree of green innovation efficiency loss caused by institutional competition in
the whole has expanded.
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Among the four plates, in Figure 13b, the trend of the distribution curve is basically
the same as that in the whole country. This indicates that the dispersion degree of green
innovation efficiency loss continues to strengthen. In Figure 13c–e, the peak values of
the distribution curves all changed from high to low and increase in width with time,
which indicates that the absolute difference in the degree of green innovation efficiency
loss caused by institutional competition in central, western and northeastern regions shows
a narrowing trend. From the analysis of distribution extensibility, the overall distribution
curve in Figure 13 shows a right tail. And the whole is in an extended convergence
state, which indicates that the overall loss of green innovation efficiency in China has a
downward trend. The distribution curve in Figure 13b also showed a right trailing curve,
but Figure 13c,d showed some differences in trailing and ductility in different years. Before
2008, there was a right trailing in Figure 13c,d, and the degree of trailing decreased in the
later period. There was no obvious trailing in Figure 13e. It can be seen that the loss of
green innovation efficiency in the eastern region shows the convergence between provinces.
Still, the convergence degree in the central and western regions fluctuates constantly, and
there is no convergence trend in the northeast region. From the analysis of the polarization
characteristics of the distribution, in most years, there is a main peak in Figure 13a–e. This
indicates that the loss of green innovation efficiency caused by institutional competition
does not have multi-polarization characteristics in each region.

7. Conclusions

Aiming to help improve green innovation efficiency and facilitate sustainable de-
velopment, this paper focuses on local government competition. It explores the internal
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mechanism of how innovation element mismatch reduces green innovation efficiency.
Specifically, it evaluates the green innovation efficiency loss caused by innovation factor
mismatch caused by local government competition in China (except Tibet, Hong Kong,
Macao, and Taiwan). Moreover, this paper analyzes their evolution characteristics. The
main conclusions of this paper are as follows.

Firstly, local government competition will cause the mismatch of innovation elements
not only locally but also in neighboring regions. Among them, local government expendi-
ture competition contributes the most to innovation talent mismatch, while institutional
competition contributes the most to innovation capital mismatch. This means that local
governments competing for innovative capital and talents will may result in “harming
others but not benefiting themselves”. In the future, local governments may endeavor to
pursue collaborative development.

Secondly, the mismatch of innovative talents and capital caused by local government
competition reduces green innovation efficiency. However, there are some differences
among provinces. The lack of innovative talents partly causes the loss of green innovation
efficiency in Beijing, Tianjin, and Shanghai. However, it is compensated for because of the
accumulation of innovation capital. This effect on Shanxi, Inner Mongolia, Jilin, Fujian,
and Ningxia is the opposite. That means the developed regions of China, such as Beijing,
Tianjin, and Shanghai, still need a sustainable development of talents. It is critical for
these regions to eliminate the institutional barriers in these regions and attract or cultivate
innovative talents. Furthermore, these regions should keep attracting innovation capital.

Thirdly, there is a heterogeneity of government competition strategy in the loss of
green innovation efficiency at the provincial level. Among them, the loss of green inno-
vation efficiency caused by tax competition is the most significant in Beijing, Shanghai,
Zhejiang, Shandong, and Guangdong due to the lack of innovative talents. At the same
time, Heilongjiang, Zhejiang, Guangdong, Yunnan, Chongqing, and other regions are short
of innovation capital, resulting in severe efficiency loss. In recent years, China has begun
to implement the policy of “tax reduction and fee reduction”. However, if each region
does not implement a strategic tax reduction policy instead of a strategy of “race to the
bottom”, it may lead to a disorderly flow of innovation factors. Consequently, it may
lead to a shortage of innovative talents and capital in some regions, lowering their green
innovation efficiency. In addition, our analysis of the four sectors shows that the eastern
region suffers the most in innovation efficiency due to government competition, while the
northeast region attracts innovative talents due to government competition, improving its
green innovation efficiency. Thus, cooperation between provinces within the eastern region
should be established to prevent the loss of green innovation efficiency.

Fourthly, the loss of green innovation efficiency caused by local government competi-
tion shows a decreasing trend year by year, and the fastest decreasing rate is caused by tax
competition. Moreover, the green innovation efficiency of all provinces shows a dynamic
convergence trend. Under different competition strategies, there are some differences in
the dynamic characteristics of green innovation efficiency loss in the four sectors. However,
institutional competition hinders the improvement of green innovation efficiency in the
eastern, central and western regions. This means that the influence of competitive tax
reduction strategies on innovation factors in different regions is gradually decreasing. The
policy of “talent competition” currently implemented in some Chinese cities may have a
significant impact on innovation factors. However, this policy may burden public services
and has a limited effect on innovation efficiency improvement [51].

In view of the above conclusions, this paper puts forward the following
policy recommendations:

(1) Guide local governments to establish cooperative relationships and prevent excessive
competition from hurting the green innovation efficiency.

(2) Formulate “tax reduction and fee reduction” in light of local conditions to prevent the
loss of green innovation efficiency caused by “race to the bottom” tax cuts.
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(3) Cultivate and attract innovative talents and prevent further loss of green innovation
efficiency in Beijing, Shanghai, and Tianjin.

(4) Prevent the loss of green innovation efficiency caused by institutional competition.

To sum up, the main contributions of this paper are as follows. Firstly, based on a multi-
sector general equilibrium analysis model, the theoretical mechanism of “local government
competition → innovation factor mismatch → loss of green innovation efficiency” is
revealed, which is beneficial to explore the “black box” of local government competition
affecting green innovation efficiency.

Secondly, the degree of efficiency loss of green innovation caused by innovation factor
mismatch due to local government expenditure, taxation, and institutional competition is
evaluated. This result can help local governments objectively evaluate their competition
strategy. Note that although the literature has shown that intensified local government
competition will increase the loss of green innovation efficiency, an objective measurement
was unavailable [27].

Thirdly, based on provincial samples and considering the unbalanced characteris-
tics of China’s economic development, the Kernel density estimation method is used to
analyze the evolution characteristics of the loss of green innovation efficiency in eastern,
central, western and northeastern China, which helps predict and compare the changes
of green innovation efficiency in different sectors. Although some scholars described
the changing characteristics of China’s green innovation efficiency, they only explored
the industrial green innovation efficiency but not its source. Specifically, although Zhao
et al. [52] measured the provincial green innovation efficiency, the trend of the provincial
green innovation efficiency was only briefly described, and such a trend for the future
could not be predicted [53].

There are several limitations in this research. First, only data from China were collected
without international data [54]. As a result, it is impossible to make a comparative analysis
between China and other countries and further analyze the constraining factors for China’s
green innovation efficiency improvement. Second, due to the short disclosure period of
data related to green innovation in China, the research is currently limited to analyzing
the loss of green innovation efficiency caused by factor mismatch between regions. In
China, local government competition will cause industrial isomorphism among regions,
thus hindering the improvement in green innovation efficiency. Therefore, in the future,
we should not only compare the loss and source of green innovation efficiency in different
countries but also continuously collect data on the green innovation of China’s different
industries and further investigate the industrial mismatch of innovation factors caused by
local government competition.
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