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Abstract

To test the driving effect of China’s tax and fee reduction policies on independent innovation,

we established a model of Dynamic Spatial Durbin (SDM) and introduced DMSP/OLS night

lighting data and Malmquist productivity index for partial differential decomposition. We

found that: (1) Affected by the tax and fee reduction policies, the local province tends to

increase the level of independent innovation in the short term, while neighboring provinces

tend to purchase and rely on foreign technology; (2) In the long term, the tax and fee reduc-

tion policies do not significantly increase the level of independent innovation in local and

neighboring regions; (3) There is a strategic choice behavior of local government between

political promotion incentives and promoting independent innovation; (4) The policy exter-

nality of tax reduction and fee reduction has a two-way feedback effect. We conclude that:

(1) The spatial agglomeration characteristics of tax and fee reduction policies require the

government to fully consider the local innovation and economic foundation, and break the

resource endowment of administrative divisions; (2) The spatial feedback feature of the tax

and fee reduction policies requires the government to focus on the two-way interaction of

independent innovation in the adjacent regions, rather than just one-way assistance, imita-

tion and learning; (3) The spatial lag characteristics of tax and fee reduction policies require

the government to establish a accountability system or life-long system for innovative perfor-

mance evaluation. Moreover, the study fails to provide causality evidence from the spatial

agglomeration and spatial time-delay.

1. Introduction

Since the 1980s, the developed countries have carried out remarkable tax reform under the

leadership of the tax system reform in Britain and the United States, with the main line of

reducing tax rates and expanding the tax base. At the end of 2017, the then US President

Trump signed the tax reform bill with the general tone of tax reduction, which was the

fourth round of tax reduction in the US since 1980. In addition to the United States, the

United Kingdom, France, Germany and other countries have also introduced corporate tax

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0288535 August 3, 2023 1 / 24

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Wu M, Sun R (2023) Spatial spillover

effect of China’s tax and fee reduction policies on

independent research and development evidence

from dynamic Spatial Dubin analysis. PLoS ONE

18(8): e0288535. https://doi.org/10.1371/journal.

pone.0288535

Editor: Baogui Xin, Shandong University of Science

and Technology, CHINA

Received: November 24, 2022

Accepted: June 28, 2023

Published: August 3, 2023

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0288535

Copyright: © 2023 Wu, Sun. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting information

files.

https://orcid.org/0000-0002-1172-4050
https://orcid.org/0000-0002-4821-5006
https://doi.org/10.1371/journal.pone.0288535
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0288535&domain=pdf&date_stamp=2023-08-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0288535&domain=pdf&date_stamp=2023-08-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0288535&domain=pdf&date_stamp=2023-08-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0288535&domain=pdf&date_stamp=2023-08-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0288535&domain=pdf&date_stamp=2023-08-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0288535&domain=pdf&date_stamp=2023-08-03
https://doi.org/10.1371/journal.pone.0288535
https://doi.org/10.1371/journal.pone.0288535
https://doi.org/10.1371/journal.pone.0288535
http://creativecommons.org/licenses/by/4.0/


reduction policies in recent years to promote economic development, stimulate investment

and improve the level of scientific and technological progress. The Chinese government has

proposed a supply side structural reform driven by innovation and interpreted the new

development concept as "innovation, coordination, green, openness, and sharing". Among

them, innovation is prioritized and regarded as the eternal driving force for national devel-

opment [1].

China’s technological innovation has gone through four stages: the beginning of technology

introduction and absorption, the acceleration of technology introduction and absorption,

independent innovation, and innovation-driven development. Among them, according to uti-

lization of primary and secondary technological innovation, independent research and devel-

opment presents a variety of paths, including "introduction! absorption! innovation",

"purchase! transformation! innovation", or "introduction! insufficient absorption!

reintroduction", "purchase! insufficient transformation! repurchase".

We have sorted out the relevant policies and measures for reducing taxes and fees. The

overall evolution of China’s tax and fee reduction policies has gone through three stages:

During the period from 2008 to 2011, in response to the impact of the international finan-

cial crisis, especially when the export growth rate was negative 16% in 2019, macroeco-

nomic policies were mainly based on demand management measures to respond to

business cycle fluctuations. The tax and fee reduction policies during this period were

mainly structural tax reductions; From 2012 to 2018, the tax and fee reduction policies, as

an important component of the supply side structural reform "cost reduction" measures,

played an increasingly important role in active fiscal policies. With the implementation of a

series of policies such as the pilot and comprehensive implementation of the "business tax

to value-added tax" reform, universal fee reduction, halving of income tax for small and

micro enterprises, additional deduction of enterprise research and development expenses,

and the combination of comprehensive and classified personal income tax, the scale of tax

and fee reductions continues to expand, and the macro tax burden level begins to decline;

Since 2019, in order to deal with the trade dispute between China and the United States and

the impact of the COVID-19, on the basis of the tax and fee reductions of about 1 trillion

yuan and 1.3 trillion yuan in 2017 and 2018, the scale of burden reduction of policies such

as the larger scale tax and fee reductions implemented in 2019 and the large-scale rescue

and assistance launched against the epidemic in 2020 has reached 2.36 trillion yuan and 2.6

trillion yuan respectively, and the scale of new tax and fee reductions in 2021 is about 1.1

trillion yuan.

Many literatures focus on the innovation practice of the country or the region and study

the relationship between scientific and technological progress and economic development.

Kaplinsky and Morris argued that under the dynamic role of innovation, it could accelerate

the generation of more value added, however focusing on the level of industrial structure

upgrading, in a competitive environment, higher innovation efficiency and faster innovation

was an important potential to stimulate industrial restructuring and industrial structure

upgrading [2]. Through empirical analysis based on 40 industrial production sectors, Kevin

argued that innovation from firms changed the output level of industry, while industries with

high growth rates possessed higher profits and further contributed to the level of local eco-

nomic development [3]. Caiani further clarified the role of science and technology innovation

for economic development, especially for upgrading the industrial structure, which was preva-

lent in a variety of industries such as finance as well as chemicals [4]. Restuccia and Rogerson

found through related research that better national government policies would be very helpful

to regional innovation capacity enhancement, while distorted national government policies

would form a more distorted allocation of enterprise factor resources, that caused inter-
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regional innovation differences, which in turn, to some extent, hindered local economic

growth and inhibited the generation and enhancement of regional innovation activities [5, 6].

Utterback and Abernathy focused on the specific path of the role of innovation in driving

industrial restructuring with a micro product production and sales perspective, and on this

basis, they proposed a better-known model of industrial upgrading and transformation [7].

But We believe that as a form of promoting innovation, social and economic development is

not restricted by administrative regions, which means that independent research and develop-

ment should not have inherent administrative boundaries, and it often flows through the

cross-regional exchange of capital, human resources and advanced technologies [8]. An

important feature of economic development is that the improvement of some advanced tech-

nologies in an area will make the connection with the surrounding areas through spillover,

which is the so-called externality [9]. For example, in the early stage of economic germination,

neighboring regions will learn and communicate with each other due to trade exchanges, and

there is the diffusion and overflow of production technology or manufacturing process [10].

Due to the political and economic links between different regions, independent R&D presents

Externality [11]. This shows that although local administrative divisions are governed by

boundaries, the role of innovation and policy effects is not limited to specific geographical

boundaries.

On the basis of the above documents, We attempt to explore the relationship between tax

and fee reduction policies and independent innovation, and to comprehensively examine

the effect relationship between local province and neighboring provinces in the short and

long term. Specifically, we use the coefficient partial differential decomposition of the

dynamic Space Dubin Model to explore the relationship between tax reduction and innova-

tion. We explained the applicability of spatial metrology in analyzing the policy effect and

well-establishing the system of comprehensive evaluation of the policy effect of reducing

taxes and fees. In detail, with the help of the agglomeration effect of innovation, we study the

heterogeneity of tax and fee reduction policies in promoting innovation in local and nearby

regions; With the help of the feedback effect of innovation, we discuss the choice of tax

reduction and fee reduction policy for the promotion form of regional independent research

and development; With the help of the time lag of innovation, we reveal the realization

mode of the promotion effect of tax and fee reductions on innovation. In addition, our

research is different from the innovative development model of developed countries such as

the United States. For the United States, as a super-developed country, the United States is a

pioneer in leading scientific and technological progress. Theoretically, it is the starting point

of innovation. As a developing country, it is difficult to become the starting point of innova-

tion without the innovation foundation accumulated by the United States and other super-

powers. To achieve a higher level of independent research and development, we must rely

on the advantages of domestic policies and the level of foreign technology absorption and

introduction. How to promote independent research and development on the basis of tax

and fee reduction policies is our research focus. The research has certain reference signifi-

cance for developing countries to achieve scientific and technological progress and indepen-

dent research and development. We have combed the development model of China’s

innovation practice, which can enrich the innovation theory, especially in developing coun-

tries, to a certain extent. For example, people can select "introduction! absorption! inno-

vation", "purchase! transformation! innovation ", or "introduction! insufficient

absorption! reintroduction", "purchase! insufficient conversion! repurchase". There-

fore, whether in theory or practice, our research will help developing countries choose

appropriate innovation theories and independent research and development practices,

rather than copy the innovation theories and models of developed countries.
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2. Model establishment and hypothesis deduction

With the help of mathematical model, we used the constant effect function of substitution elas-

ticity (CES) nested in Cobb Douglas (CD) function, and further introduced the elements of

innovation and tax reduction policy to derive the research hypothesis through mathematical

model deduction.

2.1 Partial differential decomposition method and theoretical hypothesis

Obviously, tax and fee reduction policies has significant spillover effects. Based on this, this

study introduced to Dixit-Stiglitz monopoly competition model (monopoly competition D-S

model), and added tax and fee reduction policies adjustment around the core-edge theory.

The core-edge theoretical model is an invariant effect function of substitution elasticity (CES)

nested in the Cobb-Douglas (CD) function. On the basis of this framework structure and for

the convenience of subsequent mathematical model derivation, the following assumptions are

proposed: the first, there are two open regions. The free flow of production factors across bor-

ders can be realized, which is the key to explore the influence of externalities; The second,

through combing relevant literature, it is found that developed regions have good infrastruc-

ture, which can attract more investment and significantly promote technological progress

[12]. Therefore, technological progress in developed regions can generate spillover, while rela-

tively poor regions mainly absorb the technology spillover from developed regions as the driv-

ing force of their own innovation and development due to the limitation of economic

development level.

It is assumed that there are two types of productive economies in the economy, which

include labor-intensive and capital-intensive sectors. The production function calculates out-

put in terms of input factors, included labor L and capital K. Then it is assumed that the output

of labor-intensive sectors is PL, and that of capital-intensive sectors is PK. At this point, the

region’s gross income can be expressed as PY = F(PL, PK), and the CES production function

after substituting each factor of production is

PY ¼ gPL
k� 1
k þ ð1 � gÞPK

k� 1
k

h ik� 1
k

ð1Þ

In the above formula, γ and 1 − γ are the proportion of the contribution of labor and capital

to the total output respectively, and κ is the elasticity of substitution of the two production fac-

tors. In addition, it is assumed that the final output is only related to the factor input and its

corresponding technology level, and the technology level of labor-intensive industry is NL, and

the technology level of capital-intensive industry is NK, then the following two expressions can

be obtained:

PL ¼ NL f ðL; �KÞ ð2Þ

PK ¼ NK f ðK; �LÞ ð3Þ

Eqs (2) and (3) describe the maximum benefits that can be obtained by each production

department when the input of a certain factor is kept constant. In addition, considering the

regions with backward economic development level and assuming that the developed regions

have external technology spillovers, the influence coefficient is set as β. Existing studies have

confirmed that the intensity of technology spillover is closely related to the technology gap

between rich and poor regions [13]. Obviously, the relationship between the two can be repre-

sented as Ni ¼ bN 0i , Ni refers to the level of technological development of developed areas, N 0i
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refers to the level of technological progress of backward areas, which can be expressed as fol-

lows:

PL ¼ NL f ðL; �KÞ ¼ blN 0L f ðL
0; �K 0 Þ þ ε ð4Þ

PK ¼ NK f ðK; �LÞ ¼ bl0N 0K f ðK 0; �L0 Þ þ ε0 ð5Þ

λ, λ0 and additional items ε, ε0 are the parameters that distinguish the impact of technological

progress such as independent research and development from other factors on the output of

two economies. Through the theoretical inference and research hypothesis analysis above, the

determinants of technological development level in backward areas can be summarized as fol-

lows: First, local fiscal and tax policies. This study focuses on tax reduction policies, assuming

tax reduction Ti; Second, developed areas of technology spillover β. Based on the above

assumptions, the level of technological progress in economically backward areas can be

expressed as:

N 0i ¼ di f ðTiÞ
Ni

N 0i

� �a

ð6Þ

Considering that local fiscal and tax policies can affect the level of scientific and technologi-

cal development [14, 15], and no matter whether the government reduces tax on a certain tech-

nological research project, the existing level of the technology is not equal to 0, so the function

condition in Eq (6) can be set: f(0) > 0 and any Ti� 0, there is f 0(Ti)> 0. In addition, Ni=N 0i
measures the technological difference reflected by two economies at different levels of develop-

ment, where α indicates the effect intensity of the gap affecting the technology spillover. In

general, there is Ni≥N 0i, and δi controls the relevant influencing factor. Therefore, the profit

function of the different development sectors can be expressed in the following form:

RL ¼ PLNLf ðL; �KÞ � mL � oðT 0LÞ ð7Þ

RK ¼ PKNKf ðK; �LÞ � φK � oðT 0KÞ ð8Þ

R0L ¼ P0LN
0

Lf ðL
0; �K 0 Þ � mL0 � oðTLÞ ð9Þ

R0K ¼ P0KN
0

Kf ðK
0; �L0 Þ � φK 0 � oðTKÞ ð10Þ

The parameters of the above equation are: Pi and P0i. They are the prices of output products

of different types (such as labor-intensive and capital-intensive) in the two economies respec-

tively. Where μ is the wage rate and φ is the rent rate. In an economy, that can realize free flow

of factors. Although the economic development level of each region is different, the wage rate

and the rent rate can eventually be in a stable state of equilibrium. ω(x) represents the indepen-

dent research and development costs of different factor production departments under the

influence of government tax and fee reduction policies. From what has been discussed above,

as far as backward areas are concerned, the first-order partial derivatives of Ti are respectively

solved for Eqs (9) and (10) above, and the results are substituted into Eq (6) to obtain:

N 0K
N 0L
¼

K 0

L0
�
P0K
P0L
�
dK

dL

� �1
a NK

NL

� �
f 0 ½ZðTKÞ�

f 0 ½ZðTLÞ�
�
Z0ðTKÞ

Z0ðTLÞ

� �1
a

ð11Þ
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Substitute Eq (2) into the first derivative of Eq (1), and express it as the ratio of price levels

of two factors in relatively backward areas, and Eq (12) can be obtained:

P0K
P0L
¼

g

1 � g

N 0KK
0

N 0LL
0

� �� 1
k

ð12Þ

Substituting Eq (12) into Eq (11), we get:

N 0K
N 0L
¼

K 0

L0

� � k� 1
1þka dK

dL
�

g

1 � g

� � k
1þka NK

NL

� � ka
1þka f 0½ZðTKÞ�

f 0½ZðTLÞ�
�
Z0ðTKÞ

Z0ðTLÞ

� �1
a

ð13Þ

Further, Acemoglu proposed that technological development can adjust the marginal out-

put of capital or labor input and influence its selection bias, so as to cause the technological

bias of capital or labor [16]. The long-term investment and development of a regional bias will

lead to technological progress such as independent research and development in the region

[17]. Based on the research of Acemoglu and Lerner, this study takes the derivative of Eqs (1)

and (2), and substitutes the corresponding factor selection for each development region, so

that the marginal output of capital and labor can be obtained, namely [16, 18]:

MPL0 ¼ ð1 � gÞN
0

L
k0 � 1
k0 L0 �

1
k0PY

1
k0 ð14Þ

MPK0 ¼ gN
0

K
k0 � 1
k0 K 0 �

1
k0PY

1
k0 ð15Þ

MPL ¼ ð1 � gÞNL
k� 1
k L� 1

kPY
1
k ð16Þ

MPK ¼ gNK
k� 1
k K � 1

kPY
1
k ð17Þ

And the technological selectivity bias of independent research and development in different

economies are:

G0 ¼ @
MPk0
MPL0

� �

=@
N 0K
N 0L

� �

¼
k0 � 1

k0
g

1 � g

K 0

L0

� �� 1
k0 N 0K

N 0L

� �
� 1
k0 ð18Þ

G ¼ @
MPK

MPL

� �

=@
NK

NL

� �

¼
k � 1

k

g

1 � g

K
L

� �� 1
k NK

NL

� �� 1
k

ð19Þ

In the above formula, MPL0 , MPK0 , G0 represent the variables of relatively backward econo-

mies, while MPL, NPK, G represent the relative variables of relatively developed economies. By

importing Eq (13) into Eq (18), we can get:

G0 ¼
k0 � 1

k0
g

1 � g

� � k0a
1þk0a K 0

L0

� �
k0 � 1

k0dþk0
2
da

dK
dL

� �� 1
1þk0a N 0K

N 0L

� �� a
1þk0a f 0½ZðTKÞ�

f 0½ZðTLÞ�
�
Z0ðTKÞ

Z0ðTLÞ

� �� 1
k0a

ð20Þ

Finally, after transforming Eq (19) into Eq (20), we can get:

G0 ¼
k � 1

k

� � � ka
1þka k0 � 1

k0
dLL
dKK

g

1 � g

� �� k
g0

1 � g0

� �k0 KL0

LK 0

� �" #a( ) 1
1þk0a f 0½ZðTKÞ�

f 0½ZðTLÞ�
�
ZðTKÞ

ZðTLÞ

� �� 1
k0a

ðGÞ
ka

1þk0a ð21Þ
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From Eq (21) above, it can be seen that fiscal tax and fee reduction policies (η(T 0)) can affect

the technological bias of independent research and development in a region. At the same time,

the more developed economies (G) have technology spillover to the underdeveloped regions

(G 0). The specific action mode is determined by the factor substitution elasticity of the two

economies (κ, κ 0) and the related technology spillover intensity coefficient (α). Based on this,

research hypothesis H1 of this study can be put forward:

H1: Fiscal tax and fee reduction policies are closely related to the technological preference of

the region, and act on the surrounding areas by spillover effect, which have certain

externality.

Further, the Eq (21) can be transformed into:

k � 1

k

� � ka
1þka

¼
k0 � 1

k0
dLL
dKK

g

1 � g

� �� k
g0

1 � g0

� �k0 KL0

LK 0

� �" #a( ) 1
1þk0a f 0½ZðTKÞ�

f 0½ZðTLÞ�
�
ZðTKÞ

ZðTLÞ

� �� 1
k0a G

ka
1þk0a

G0
ð22Þ

From Eq (22) above, it can be seen that local fiscal competitive expenditure strategy will act

on the selection of labor and capital factors, specifically affecting the elasticity of substitution

of labor and capital factors (κ, κ0). At the same time, focusing on Eq (22), the coefficient κ on

the right of the equal sign changes with the variation of the coefficient coefficient on the left,

which reflects the imitation and assimilation of the production types of factors in developed

economies in underdeveloped regions. Along with the selective agglomeration of factors in the

two economies, the spillover expansion of any of the advantages of the adjacent areas will

occupy the choice of the advantages of the independent research and development of the sur-

rounding areas. Based on this, hypothesis H2 can be put forward:

H2: Tax and fee reduction policies will affect the selection of labor and capital factors for inde-

pendent research and development in this region. At the same time, this advantageous fac-

tor will lead the technological research and development direction of the whole region by

being imitated by neighboring regions.

However, combining with the analysis hypothesis H1, H2 and the corresponding assump-

tions, it reveals the existence of another case that regional tax and fee reduction policies can

directly affect the choice of local independent research and development technology elements,

and the advantage of technological progress factor will be closely related to the adjacent area of

fiscal policy. This reveals that tax policy overflow is not a one-way diffusion, but is a bidirec-

tional regulation effect. Based on the above analysis, hypothesis H3 can be put forward:

H3: The choice of tax and fee reduction policies on the advantageous elements of independent

research and development is not a single spillover. The externality of tax and fee reductions

on independent R&D is not one-way, but has a two-way effect of spillover and feedback.

The developed regions not only serve as the starting point of technology spillover, but also

receive feedback from the underdeveloped regions.

2.2 Spatial Durbin Model (SDM) method

Tax and fee reduction policies have a significant impact on independent innovation, and the

scope of impact is not limited to fixed geographical space or administrative divisions. Due to

the externality of economy, the specific ways of policy effect and innovation are also different.

Is it the expression of direct effect or indirect effect? Is there regional feedback? In order to ver-

ify the externalities and spatial spillovers of tax and fee reduction policies, and examine their
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impact on independent research and development, this study uses the Spatial Durbin Model

(SDM) proposed by Lesage and Pace for spatial model fitting [19].

There are three general spatial models: Spatial Lag Model, Spatial Error Model and Spatial

Durbin Model [20]. We need pay more attention to the parameters in the three model,

because the transformation of parameters will define the model. The traditional effect esti-

mation model generally selects Panel Data Model, Differences-in-Differences, Regression

Discontinuity and other policy evaluation methods, but the traditional methods cannot

achieve the spatial correlation between variables. The traditional measurement model is

believed that individuals are independent of each other, but in real life, we should recognize

that individuals are interconnected and communicate with each other [21]. For example, the

coastal provinces are economically developed and geographically close, which shows the spa-

tial connection; Due to the existence of geographical distance, there will be a certain relation-

ship between individuals, which is represented by the spatial weight matrix. The spatial

model, we use different weight matrices such as adjacency and distance to define the geo-

graphical relationship between individuals. Different matrix calculation methods are differ-

ent, and the matrices can be nested. The explained variables are not only influenced by

spatial distance, but also by the degree of correlation between economic activities. The

model sets as follows:

Yit ¼ aþ r
X

oijYjt þ bEit þ g
X

oijEjt þ dCit þ mi þ li þ εit ð23Þ

Since the 1970s, the rapid development of geographic information technology has pro-

moted the increasingly rich spatial data. The development of spatial data has caused many

scholars to pay attention to and investigate the spatial location factors in the field of regional

development. The spatial effect has led to great doubts about the independence assumption of

variables and the reliability of regression parameters in traditional econometrics, and spatial

econometrics came into being. Anselin put forward the classic definition of spatial economet-

rics, and put the spatial interaction and spatial structure of economic activities into the consid-

eration of econometrics, and established a spatial model. He believed that the spatial effect of

the spatial relationship between the variables could be divided into spatial correlation and spa-

tial heterogeneity. The introduction of spatial effect is the main difference between spatial

econometrics and traditional econometrics. Spatial correlation refers to the mutual influence

of various variables in different locations, that is, the observed values in different spatial loca-

tions are consistent, such as spillover and proximity effects, which lead to the influence of a

variable on other variables around. Spatial Durbin Model (SDM) is a combination and exten-

sion of Spatial Lag Model and Spatial Error Model, which can be established by adding corre-

sponding constraints to the Spatial Lag Model and Spatial Error Model. It is an enhanced SAR

model (Spatial Lag Model) by adding spatial lag variables. The SDM is characterized by taking

into account the spatial lag correlation between the explanatory variable and the explained var-

iable. In order to analyze all the effects of the explanatory variables in detail, they are divided

into direct effects and indirect effects according to their sources. Among them, the direct effect

can be divided into two types, one is the direct influence of the explanatory variable on the

explained variable, and the other is the feedback effect caused by the independent variable

influencing the dependent variable in the adjacent region; The indirect effect is the spatial spill-

over effect of explanatory variables, which can also be divided into two types. One is the influ-

ence of the independent variables of neighboring regions on the dependent variables of the

region, and the other is the influence of the independent variables of neighboring regions on

the dependent variables of the region.
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The above equation is the concrete construction form of static Spatial Durbin Model, and

on the basis of testing whether the above equation has significant direct and indirect effects,

the dynamic Spatial Durbin Model can be further constructed. On the one hand, in order to

ensure the comprehensiveness of spatial panel data information. On the other hand, partial

endogenity can be overcome to some extent by introducing the lag period of explained vari-

ables. The specific setting of dynamic Spatial Durbin Model is as follows:

Yit ¼ aþ sYit� 1 þ r
X

oijYjt þ bEit þ g
X

oijEjt þ dCit þ mi þ li þ εit ð24Þ

Eq (24) explains the acting conditions and spillover externalities of the effect of tax and fee

reduction policies on independent research and development, and illustrates the dynamic spa-

tial effect of the connection between the effect of tax and fee reduction policies (Eit) and inde-

pendent research and development (Yit). Where, i and t are the parameters of cities and years

selected for analysis in this study. ωit is the spatial weight matrix set in this chapter and Cit is

other control variables. μi and λi represent the fixed effect of city and time respectively, and εit

is a random error term. Yt−1 is the explained variable lag, and the dynamic coefficient of ρ is

measured to independent research and development level of spatial autocorrelation coefficient.

β represents the direct effect coefficient of tax and fee reduction policies, and γ is the spatial

spillover effect coefficient after the implementation of the policy. And the parameters of each

control variable are to be set as δ. Then the above parameters are the parameters to be esti-

mated in this study.

2.3 Variables and data sources

2.3.1 Selection of variables. (1) Explanatory variables. Tax and fee reduction variables:

Most literature focuses on changes in tax burden rates and the reduction of fees [22]. However,

China has a wide range of taxes and diverse charging methods, and there is currently no effec-

tive way to account for all changes. Considering that fiscal revenue includes tax revenue and

non tax revenue, we start from the concept of small finance and choose the change in fiscal

revenue as the variable of tax and fee reduction, while retaining the corresponding symbols of

the data to cope with negative changes. In order to mitigate data fluctuations and control the

heteroscedasticity, the variable is logarithmized, and the difference form of the indicator in the

previous and last two years is used.

It should be emphasized that the policy effect of reducing taxes and fees is often directly

reflected through fiscal or tax competition among local governments [23, 24]. Most studies

choose the proportion of public financial expenditure to measure the intensity of local compe-

tition [25], but economic research data are limited by personnel, methods and tools, and often

have deviations from the actual information. This study uses DMSP/OLS night light data to

describe local financial Porter’s generic strategies, to replace the main explanatory variables for

robustness testing [26]. Night light data, as a description index of regional economy such as

infrastructure and economic development level, can overcome the false information in eco-

nomic research data and avoid the endogeneity of reverse causality between economic variable

data.

DMSP/OLS Night Lights Raw Data: DMSP originated from the U.S. Department of

Defense’s Weather Satellite Program. The data selected in the paper are the non-radiometric

calibrated version IV published by NGDC. We use the fixed target area method as the correc-

tion method for acquiring light images, and use the Lambert equiangular cone form for re pro-

jection of DMSP/OLS night light data. We also adjust the resampling range to 1 kilometer, and

then crop it to the average intensity of a non-radiometric calibration form with a spatial reso-

lution of 1 kilometer for extraction and denoising. The time span of the nighttime light data
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we can collect is 2000–2013, involving 243 Prefecture-level city nationwide. Finally, the com-

posite average value of the light intensity collected by each province is taken as the substitute

variable for the robustness test.

(2)Control variables. A series of other control variables are mainly to measure the level of

local economic development, because the level of economic development in a region usually

determines the endogenous driving force of independent research and development [27].

The specific indicators selected in this study are: economic growth rate, population depen-

dency ratio, population growth rate, opening level, consumer price index, unemployment

rate. Among them, the economic growth rate has a strong correlation with the level of inde-

pendent research and development of a country or region; The degree of urbanization can

represent the overall development level of a city, and can also be directly used to evaluate

the economic development level and its derivative can partly represent the growth rate; Tal-

ents are regarded as the basis of innovation, so population variables, such as dependency

ratio and Population growth, are introduced in this paper; As a description of the develop-

ment level of an economy, indicators such as openness level, consumer price index and

unemployment rate all reflect the realization basis of independent research and develop-

ment, which also need to be introduced; The degree of openness of a region to the outside

world determines the impact of foreign investment on the economy, and we have chosen

foreign direct investment/per capita GDP to represent it. Detailed variables and data are

shown in Table 1. And to control the heteroscedasticity, the logarithm of the above variables

is taken.

(3) Explained variables. The ratio of R&D expenditure to operating income is used to

interpret the level of independent research and development. Furthermore, this article

replaced the dependent variable in the robustness test. Decompose the Malmquist produc-

tivity index to obtain an indicator that characterizes the level of independent innovation—

the technological progress index. The technological progress index can reflect R&D invest-

ment, output capacity, and the independent innovation situation of enterprises. Malquist

index is a measure of the output input ratio, used to assess production efficiency and can be

decomposed into several sub efficiency indicators. The calculation method of Malmquist

index can be expressed by a formula: Malmquist index can be decomposed into technical

progress index and technical efficiency change index. Among them, the technological prog-

ress index is the ratio of productivity indices at two time points, and the technological effi-

ciency change index is the ratio of productivity indices at two time points divided by the

technological progress index. The Malmquist technology progress index is selected in this

Table 1. Variable description and statistical characteristics.

variable name mean standard deviation minimum value Maximum value

Independent research and development level 4.93 4.60 0.44 6.52

policy effect 4.71 4.96 -1.02 6.84

consumer price index 4.77 0.20 4.52 5.47

degree of urbanization -0.84 0.36 -1.96 -0.11

dependency ratio 3.64 0.21 2.96 4.17

population growth rate 1.51 0.76 -1.47 2.77

GDP per capita 9.78 0.85 7.77 11.59

unemployment rate 1.23 0.26 -0.51 1.87

foreign direct investment 4.87 1.92 -0.11 9.30

Malmquist technology progress index 1.59 0.66 0.96 2.03

https://doi.org/10.1371/journal.pone.0288535.t001
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manuscript, and the specific calculation is: Tt ¼
Dt
N ðx

tþ1 ;ytþ1Þ

Dt
N ðx

t ;ytÞ . x represents the R&D expendi-

ture for period t, which is the indicator value of scientific and technological progress invest-

ment. y represents the output profit value of period t, which is the indicator value of

scientific and technological progress output, and Dt
N is the distance function. See Table 1 for

detailed data description.

2.3.2 Data sources. The spatial model established in this study intends to construct esti-

mation at the provincial level. Among them, the main data of the sample of 31 provinces came

from China Statistical Yearbook, China Financial Yearbook, China City Statistical Yearbook,

China Statistical Yearbook, High-tech Industry Statistical Yearbook and the websites of the

National Bureau of Statistics and the Ministry of Finance from 1998 to 2019. Restricted by the

availability and integrity of the collected data, Hong Kong, Macao and Taiwan have a lot of

missing data, so this study eliminated them. At the same time, due to the intertemporal behav-

ior of tax and fee reduction policies and independent research and development, we list the

spatial lag items of both, so as to measure the policy impact of reducing taxes and fees. In addi-

tion, the economic structure and population composition of Tibet are relatively special. The

urbanization degree from 1998 to 2004 and the unemployment rate from 1998 to 2008 are

missing except for 2000, 2002 and 2004. In this study, Tibet is also deleted and only listed as

the control group for comparison and verification. And Shanghai’s unemployment figures for

2001 and 2005 were also missing. When making model estimation, it can be automatically

ignored by Stata, which is not dealt with in this study for the time being. To sum up, the final

sample is the data of provincial administrative regions except Hong Kong, Macao and Taiwan

with a time span of 22 years.

From the setting and estimation process of the spatial model in this study, it is necessary to

set the spatial weight matrix first. Among them, spatial economics considers that geographical

attributes are related to the same attributes of adjacent spatial units. On this basis, most litera-

tures introduce neighboring weight matrix to represent geographical features. However, when

capturing prefecture-level data in this chapter, most cities between regions are not in the form

of car adjacent or rear adjacent, but are clustered in concentrated areas of provinces, and have

relatively similar geographical and economic attributes. Therefore, according to the geographi-

cal factors studied, we does not select the neighboring weight matrix, but constructs the geo-

graphical distance weight matrix. In addition, the theorem of geography is put forward that

the closer the distance between things is, the closer the connection will be. That is, the correla-

tion between regions and the distance between them presents a negative correlation. Accord-

ing to the above analysis, the Euclidean distance index is selected in this study to set the weight

matrix of geographical distance:

oij ¼

1=d2 i 6¼ j

0 i ¼ j

(

ð25Þ

The above formula represents the Euclidean distance between two intervals. In order to

improve the tolerance of weight matrix setting for economic differences, we introduce the

weight matrix of economic distance based on the established geographical distance matrix. In

addition, the research on tax and fee reductions involves the field of public finance, so we have

to consider the background of fiscal decentralization. Under the fiscal decentralization system,

local governments conduct scale competition, which leads to obvious diffusion and spillover

effect between different regions [28]. Therefore, in addition to introducing the weight matrix

of economic distance with GDP difference as the main feature, we construct another weight
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matrix of fiscal decentralization distance:

oij ¼
1

d2
�

1

jPGDPi � PGDPjj
ðeconomic distance matrixÞ ð26Þ

oij ¼
1

d2
�

1

jFDZi � FDZjj
ðfiscal decentralization distance matrixÞ ð27Þ

PGDPi and PGDPj represent the actual per capita GDP levels of the two regions in 2001 (the

base period is 2000), while FDZi and FDZj represent the degree of fiscal decentralization of the

two regions. Considering from the samples of prefecture-level city level data, the ratio of local

income to local expenditure is used to measure in this study. The setting of the above city

weight matrix was captured by ArcGIS using the 2000 national large coordinate system, and

obtained after forming a sparse matrix by MATLAB. Some data changes were added or

decreased by pure manual method.

3. Results and discussion

3.1 Spatial autocorrelation test

Spatial autocorrelation statistics are a fundamental property used to measure geographic data:

the degree of interdependence between data at a certain location and data at other locations.

Usually, this dependency is called spatial dependency. Due to the influence of spatial interac-

tion and diffusion, geographic data may no longer be independent of each other, but rather

related. Spatial autocorrelation is an important starting point for the setting of spatial models.

It is a method to calculate the correlation of a variable to a spatial location and an effective way

to measure the aggregation degree of adjacent areas in space. The spatial autocorrelation test

can be divided into global and local spatial autocorrelation according to the size of the set spa-

tial range. At present, in the field of spatial research, there are many methods for testing and

estimating spatial autocorrelation. However, the mainstream economic works and research lit-

eratures show that most scholars generally agree on the estimation method of Moran’s I index,

which can make the most effective statistics on spatial distribution characteristics and differ-

ences. Moran’s I index covers not only global Moran’s I index, but also local Moran’s I index,

which is also known as LISA. We use the Moran’s I index for spatial autocorrelation test,

where the spatial weight matrix selects the spatial adjacency matrix (0–1 matrix). The spatial

weight of adjacent provinces is 1, and the spatial weight of non adjacent provinces is 0. The

Moran’s I index is an indicator used to measure spatial correlation, and its core is the spatial

adjacency matrix. Before setting the spatial model, we first tested the spatial correlation and

specifically calculates the global Moran’s I index for the level of independent research and

development, which was estimated by GEODA in this study.

Fig 1. Moran’s I index from 1996 to 2019.

https://doi.org/10.1371/journal.pone.0288535.g001
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Fig 2 shows the line chart of Moran’s I index and corresponding P value in each year from

1998 to 2019. It can be seen from the data in the figure that the value of Moran’s I index can be

positive or negative, and the corresponding P value is within the significance level of 5%,

which indicates that there is spatial correlation between independent research and develop-

ment. The positive or negative spatial autocorrelation needs to be further verified. In addition,

on the basis of measuring local Moran’s I index, we also draw a scatter plot of Moran’s I index,

as shown in Fig 1 in each year from 1996 to 2019 (due to space limitations, please refer to the

attached Moran’s I Index chart for the year 1998–2019). The Fig 1 shows that the spatial simi-

larity of independent research and development of various provinces in China is obvious in a

certain period, while the spatial heterogeneity in a certain period also indicates that there is no

consistency in the spatial dependence characteristics, and the matching types of neighboring

regions have different attributes. Figs 1 and 2 show that the model is spatially dependent, and

the Moran’s I exponent symbol is not uniform,which indicate that the spatial autocorrelation

may be positive, and there is a negative possibility.

In order to test the spatial characteristics and determine the rationality of the Spatial Lag

Model and Spatial Error Model, we also add the robust LM test to demonstrate the adaptability

of the spatial model. As shown in Table 2, the adjacent weight matrix is selected for estimation

in the study, which respectively corresponds to the joint OLS estimation, spatial fixed effect,

Fig 2. Moran’s I index and corresponding P value from 1998 to 2019.

https://doi.org/10.1371/journal.pone.0288535.g002

Table 2. No interaction effect estimation results and spatial diagnostic test.

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

policy effect -24.63* (-1.76) -32.60** (-2.36) -1.66*** (-7.28) -8.42*** (-38.27)

consumer price index 1.16*** (5.00) 1.25*** (5.48) 0.45** (1.98) 0.57** (2.53)

dependency ratio -1.37 (-1.64) -1.08 (-1.30) -3.60*** (-3.90) -3.27*** (-3.53)

other control variables YES YES YES YES

sigma^2 9203.15 8748.79 6465.11 1493.756

Log-L -3333.75 -3320.13 -3235.73 -3220.79

LM-lag 345.69*** 345.45*** 29.72*** 25.55***
Robust LM-lag 0.04* 0.96* 1.38* 1.77*

LM-error 364.63*** 360.19** 36.70*** 32.38***
Robust LM-error 18.98*** 15.70*** 8.35*** 8.60***

Note: The parentheses in the table are T values.

***, ** and * represent 1%, 5% and 10% significance levels.

https://doi.org/10.1371/journal.pone.0288535.t002
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time fixed effect and bidirectional fixed effect models. The specific estimated parameters are

detailed in the Table 2.

As shown in Table 2 above, both the traditional LM estimate and the robust LM test esti-

mate reject the null hypothesis. This indicates that the spatial model should contain the spatial

lag explained variable and the spatial error term. The specific details are as follows: when set-

ting up the traditional LM test, the model estimates significantly reject the original hypothesis

without spatial lag terms (the dependent variable) and spatial error terms. However, when

using the robust LM estimation test, which states that the robust LM test with both time and

space fixed effects do not pass the hypothesis test, all other types reject the null hypothesis

without spatial lag dependent variables except for Eq (4). This can be shown that the spatial

delay explained variable and the spatial error term should be set in the estimation of the spatial

model. In addition, the likelihood ratio LR test is used to test the non-significant joint null

hypothesis of spatial fixed effect. The results were as follows: the null hypothesis of joint non-

significance of spatial fixed effect was rejected (the estimated value of this test: 429.89, degrees

of freedom: 31, P <0.01); The null hypothesis of the combination of time fixed effect and non-

significance was also rejected (the estimated value of this test: 198.68, degrees of freedom: 18, P

<0.01). According to the above results, the spatial model should adopt the bidirectional fixed

effect model, that is that the spatial model should be extended into the form of bidirectional

fixed effect model with space fixed effect and time fixed effect.

After selecting the bidirectional fixed effect model as the basic form of the spatial model,

the Spatial Durbin Model should be constructed initially, and then the Spatial Lag Model or

Spatial Error Model should be selected through relevant hypothesis testing. Among them, if all

the null assumptions are rejected after estimating the parameters of the model, then we should

adopt the Spatial Durbin Model for subsequent studies. On the contrary, we should choose

whether to build Spatial Lag Model or Spatial Error Model through specific test indicators.

The above two kinds of tests are both subject to chi-square distribution, and LR test or Wald

test is usually used in the form of test. The advantages and disadvantages of the two kinds of

tests are obvious. In order to ensure the accuracy and integrity of the test, the calculation and

estimation of the two kinds of tests are carried out in this study. The estimation results are

Table 3. Static space model checking.

variable space fixed effect period fixed

effect

bidirectional fixed effect bias

correction

spatial random effect period fixed

effect

spatial lag for independent research and

development

0.49*** (6.81) 0.66*** (12.93) 0.50*** (7.15)

policy effect 2.77*** (2.96) 2.79*** (2.88) 3.00*** (3.18)

spatial lag for policy effect -90.87** (-2.18) -87.39**(-2.03) -90.08** (-2.13)

other control variables YES YES YES

teta 0.99***
sigma^2 5436.23 5855.39 5759.12

Log-likehood -3196.55 -3196.55 -3212.77

Wald spatial lag 24.62*** 24.76*** 18.80**
LR spatial lag 24.12*** 24.12*** 18.60**

Wald spatial error 18.06** 15.31* 12.75*
LR spatial error 17.61** 17.61** 8.27*

Note: The parentheses in the table are T values.

***, ** and * represent 1%, 5% and 10% significance levels.

https://doi.org/10.1371/journal.pone.0288535.t003
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shown in Table 3. Since the static space panel is set in the first step, we further construct ML

estimation for the static space panel, and test its spatial fixed effect, time fixed effect and bidi-

rectional fixed effect respectively, which correspond to columns (1)—(3) in Table 3 below.

Among them, the Wald and LR estimates of the three static spatial models all passed the signif-

icance test, and all refused to be transformed into Spatial Lag or Spatial Error Model. In addi-

tion, the estimated value of teta, which is the difference parameter between the fixed-effect

model and the random-effect model is 0.99 and very significant. Combined with Hausman’s

estimation results (estimated value: 33.687, degree of freedom: 13, p = 0.0013<0.01), it is

shown that the spatial model should not exclude fixed effect. To sum up the estimation results,

the Spatial Durbin Model of bidirectional fixed effect is used for further analysis in this study.

From Table 3 above, it can be seen that the spatial model selected in this study can be fur-

ther extended into a static Spatial Durbin Model with double fixed effect. In addition to testing

the spatial properties of the model constructed in this study, the estimated value in Table 3

above shows that the spatial lag term of independent research and development of the

explained variable is positive, which indicates that the independent research and development

of local provinces can affect the independent research and development level of neighboring

provinces with certain positive externalities. At the same time, it focuses on the policy effect of

reducing taxes and fees. The local province is affected by the effect of local tax and fee reduc-

tion policies, which is reflected in the improvement of independent research and development

level, while the neighboring provinces are affected by negative externalities, which restrains

their independent research and development process. It is worth emphasizing that the specific

estimated parameters of the static Spatial Durbin Model do not represent the marginal effect.

Focusing on the analysis of time lag in the following study, the effect can be decomposed into

short-term and long-term coefficients. In this study, the tax and fee reduction policies are esti-

mated to have positive externalities and the policy shows positive income effect in the local

area and negative substitution effect in the neighboring area. This makes the regional indepen-

dent research and development show a point with the clustering, which is gradually form a

central point of the agglomeration phenomenon.

3.2 Dynamic Spatial Durbin model estimation

The spatial lag items of the main variables listed in Table 3 above have basically passed the sig-

nificance test, which indicates that the policy effect of local finance and the process of indepen-

dent research and development present a strong spatial dependence. The effect of tax and fee

Table 4. Dynamic Durbin model estimation of spatial interaction.

variable adjacency matrix geographic distance matrix economic distance matrix fiscal decentralization matrix

policy effect 3.63*** (3.60) 3.19*** (2.94) 3.56*** (3.51) 3.47*** (3.45)

W*policy effect -6.82** (-2.02) -0.63*** (-2.85) -3.86** (-2.49) -1.69*** (-2.80)

time lag items of independent research and

development

-3.63*** (-3.60) 0.12** (1.82) -0.60** (-2.49) -0.64*** (-2.63)

W*independent research and development level 0.99*** (7.04) 0.21*** (2.95) 0.08** (2.26) 0.97*** (3.07)

W*time lag of independent research and development 0.41* (1.79) -0.15* (-1.80) 3.66* (1.93) -1.22** (-1.96)

other control variables YES YES YES YES

Log-likehood -3022.15 -3040.05 -3041.06 -3038.78

Note: The parentheses in the table are T values.

***, ** and * represent 1%, 5% and 10% significance levels.

https://doi.org/10.1371/journal.pone.0288535.t004
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reduction policies and the level of independent research and development of neighboring

provinces will affect that of their own provinces. In order to effectively control the endogeneity

of the time trend item and to more carefully describe the impact of the policy effect of reducing

taxes and fees on the level of independent research and development, this chapter chooses the

dynamic Spatial Durbin Model for further analysis, and its specific estimates are shown in

Table 4 below. As it can be seen, the estimated value of LR is 2× (-3022.15–3196.55) =

-12437.4, the degree of freedom is 2, p<0.01, which indicates that the static space panel can be

extended to the dynamic space panel model for estimation. The estimated parameters of the

specific dynamic Spatial Durbin Model are shown in Table 4 below.

As shown in Table 4, various parameter estimates of the dynamic Spatial Durbin Model are

estimated in the above table. Among them, by comparing the Spatial Static Durbin model, it

can be found that after the introduction of the time lag term and the explained variable of the

space lag term, the sign of the variable coefficient of the effect of tax and fee reduction policies

has been greatly shifted. This indicates that the tax and fee reduction policies of this province

have an externality effect, which presents regional restraining effect on the independent

research and development process of neighboring provinces, while the local fiscal policy strate-

gies only aim to improve the independent research and development level of this region. Fur-

thermore, whether space and time lag items are added or not, the coefficient of independent

research and development level is basically positive, which indicates that the specific effect of

local independent research and development level is easy to form a regional pattern, which can

accelerate the process of regional independent innovation from point to area. At the same

time, after introducing the spatial weight matrix of geographical factors, economic factors and

political decentralization factors into the dynamic Spatial Durbin Model, the policy effect of

reducing taxes and fees and the process of independent research and develpoment do not

show the sign fluctuation, which further guarantees the accuracy of parameter estimation in

this chapter.

3.3 Partial differential decomposition of dynamic space effects

In the model estimation of spatial metrology, the direct coefficient interpretation of dynamic

Spatial Durbin Model does not represent the marginal effect. The estimated value of each

parameter in Table 4 above can not be used to describe the marginal change quantity. There-

fore, partial differential decomposition of the coefficient estimates above is performed in this

section to obtain the specific action form of policy effects. The results are shown in Table 5

below.

As the Table 5 estimates, regardless of what kind of spatial weight matrix, the building such

as adjacency matrix, geographic distance matrix and economic distance matrix, fiscal

Table 5. Dynamic spatial effect decomposition.

variable form effect decomposition adjacency matrix geographic distance matrix economic distance matrix fiscal decentralization matrix

effect in the short direct effect 6.42*** (27.61) 15.66*** (12.94) 17.97*** (11.09) 14.73*** (10.91)

indirect effect -75.11*** (-82.99) -7.77*** (-6.52) -5.31** (-2.43) -4.79*** (-4.62)

effect for a long direct effect -35.24*** (-27.88) -15.64*** (-10.93) -17.85*** (-10.09) -14.27*** (-10.89)

indirect effect -947.90*** (-1011.23) -4.57** (-2.28) -6.22** (-2.17) -1.25** (-2.34)

Note: The parentheses in the table are T values.

***, ** and * represent 1%, 5% and 10% significance levels. Since the decomposition of the correlation coefficients of other control variables are not included in the main

research content of this study, they are not listed here. Please ask for the author of this study if necessary.

https://doi.org/10.1371/journal.pone.0288535.t005
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decentralization matrix (corresponding to the Table 5 column (1)—(4)), those do not affect

the dynamic space doberman model of partial differential coefficient decomposition, and the

results are significant. In the short term, the direct effect is positive, while the indirect effect is

negative. However, in the long run, no matter the direct effect or the indirect effect, no matter

the long-term effect or the short-term effect, the estimated results of the effect of tax and fee

reduction policies are negative. That is to say, the tax and fee reduction policies of this province

can not only act on the local independent research and development, but also affect this of

neighboring provinces through external spillover.

In the short term, no matter the adjacency matrix, geographical distance matrix, economic

distance matrix or fiscal decentralization matrix, the policy effect of reducing taxes and fees sig-

nificantly promotes local independent research and development, which is in line with the

essence of national innovation development strategy. However, when focusing on indirect

effects, no matter the adjacency matrix, geographic distance matrix, economic distance matrix,

or fiscal decentralization matrix, the policy effect of reducing taxes and fees is shown as the neg-

ative externality of neighboring provinces, which tends to inhibit independent research and

development process of neighboring provinces. That is to say, from the perspective of space, the

positive incentive of local policy effect on enterprises’ independent research and development is

only limited within the administrative planning area. Neighbors may be affected by local finan-

cial competition or economic development level differences, and can only rely on regions with

strong independent research and development, thus forming the agglomeration phenomenon

of a center and affiliated surrounding areas. The surrounding regions are highly dependent on

each other, and they are tired of independent research and development in a short term. This

phenomenon often proves that the neighboring provinces lag behind in certain innovation.

They only adopt the introduction, dependence and reintroduction method through domestic

purchase, and further lose the core competitiveness of independent innovation.

In the long run, no matter the adjacency matrix, geographical distance matrix, economic

distance matrix or fiscal decentralization matrix, the policy effect of reducing taxes and fees

will inhibit the independent research and development level of both local and neighboring

provinces. This phenomenon also once again confirms that local enterprises have different

behaviors in response to government incentives for tax and fee reduction policies. There are

two possible reasons: on the one hand, local governments may completely abandon incentives

for local independent research and development. The reason may be the contradiction

between the long-term nature of independent research and development and the short tenure

of local governments. In the short term, local governments are prone to pressure from political

promotion incentives or economic performance evaluations, and usually implement fiscal and

tax policies that stimulate independent research and development [29]. However, the term of

office is short (generally 3–5 years), and the departure of officials means the separation of the

relationship with the original administrative region.

As a result, local governments only pay attention to short-term interests and do not take

long-term considerations when implementing the incentive policies of reducing taxes and

fees. On the other hand, local enterprises may have strategic behaviors in response to tax and

fee reduction policies, which confirms the research in the previous chapter of this study. That

is, enterprises may choose different disposal methods based on different motivations for inde-

pendent research and development. This creates the marginal effect of long term policy to

drop. On the basis of measuring the material cost and time cost of technology introduction

and independent research, enterprises are easy to choose to give up independent research and

development. The related neighboring provinces, due to the lag of the overall regional technol-

ogy level, also adopt the innovation path of foreign technology introduction! dependence!

reintroduction. This leads to the process of regional independent innovation to appear
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inhibitive. Meanwhile, it also further verifies the research hypothesis 3 of this study: when

enterprises respond to tax and fee reduction policies, they will be motivated by different pur-

poses and present strategic innovation behaviors, which will affect the choice of innovation

path of enterprises.

It should be noted that no matter which matrix the above spatial weight is set to, the corre-

lation between provinces is not limited by geographical, economic and institutional adminis-

trative barriers. At the same time, the externalities among provinces are not mainly manifested

in the form of one-way spillovers within the region: according to calculation, tax and fee cuts

have a two-way feedback effect on independent research and development in neighboring

regions, and the size of the feedback effect is -8.42+3.44 = -4.98. Although feedback effect is

small, but is a very important indicators. The feedback effects show that the policy spillover

effect of neighboring provinces by the province to change outside of independent research and

development process, but also by spillover effect to give effect to this province, which is verified

in this study, the assumption of six: the assumption that the effect of tax and fee reduction poli-

cies of the independent research and development is not a single spillover in one-way, but has

a two-way effect of spillover and feedback. The more developed areas not only serve as the

starting point of technology spillover, but also receive feedback from the level of independent

research and development in the less developed areas.

3.4 Robustness test

Considering the endogeneity treatment of spatial econometric models, we have constructed

static and dynamic spatial models. The introduction of spatial and temporal parameters, as

well as the spatial and time lag terms of the explained variables can overcome some endogene-

ity to a certain extent, and the decomposition of the coefficients of the dynamic Spatial Durbin

Model can more purely determine the marginal utility of the parameters, which has good per-

suasiveness for the subsequent estimation results of this paper. Furthermore, different spatial

weight types were constructed, such as the adjacency weight matrix, geographical weight

matrix, economic weight matrix, and fiscal decentralization weight matrix, which can improve

the explanatory power of the parameters.

To be explained variable selection of heterogeneity and sampling range selection bias, we

intend to expand the government competence—using the prefecture level data and the DMSP/

OLS night light data to characterize the local finance competition, and explain the local fiscal

policy intervention to innovation, in particular, tax and fee reduction policies. In addition,

explained variables are replaced in this section. Malmquist productivity index is used to

decompose the index representing the level of independent innovation—technological prog-

ress index. Technological progress index can reflect the R&D input and output capacity as well

as the independent innovation of enterprises [30, 31].

In order to ensure the accuracy of sample selection, we intercept data of the periods, inte-

grate the data structure of prefecture-level cities, integrate the time range that can be captured

by DMSP/OLS night light data, and the relevant variables that can be obtained by each prefec-

ture-level city, eliminate the indicators that are seriously missing in the data, and perform loga-

rithmic processing on the data with large fluctuations. Data samples in this section are selected

from 243 panel data of prefecture-level cities from 2001 to 2013, with a total of 3159 samples.

Furthermore, the dynamic Spatial Durbin Model was used for parameter estimation, and the

parameter estimates were similar to those of the model above, and all of them passed the effect

decomposition test. The estimation results of Durbin model in dynamic space are shown in

Table 6, and the partial differential decomposition results of each parameter effect are shown

in Table 7.
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As can be seen from the estimation results in the tables above, after replacing the explained

variables and sample range, and introducing the objective indicator DMSP/OLS night light

data for variable substitution, the significance of the estimated results is less different from the

direction of the policy effect, which basically conforms to the estimation results of the spatial

model mentioned above. In conclusion, the direct short-term effect is significant and indirect

effect in both the short and long term are characterized by negative significantly, which veri-

fied the above estimates—tax and fee reduction policies tend to encourage enterprises to pro-

mote the level of local independent research and development in the short term, while its

impact on surrounding areas presents a negative externality. In addition, the estimated value

of local technological progress index in response to tax and fee reduction policies is significant,

which also reflects that there is a time lag in the incentive effect of policy on independent

research and development, which is relatively easy to understand, and technological progress

has a certain inertia. When an entity attempts to conduct core technology research and devel-

opment, it often increases research and development expenses due to considerations of cost

investment, future returns, and market position [32]. This further accelerates the process of

independent research and development.

3.5 Further study

The dynamic Spatial Durbin Model was adopted above to empirically test the relationship

between the effect of tax and fee reduction policies and the process of independent innovation.

However, fiscal policy has the characteristics of wide coverage and long duration, and its influ-

ence on independent innovation is complex. Based on the above considerations, this study

Table 6. Spatial interactive dynamic Durbin model test of night light data.

variable adjacency matrix geographic distance matrix economic distance matrix fiscal decentralization matrix

policy effects substitution 0.32*** (8.58) 0.399*** (2.844) 0.34*** (8.92) 0.34*** (8.89)

W*policy effects substitution -0.01*** (-2.89) -0.02** (-2.56) -0.01** (-2.46) -0.01*** (-3.03)

technological progress index time lag item 0.05* (1.86) 0.12*** (3.13) 0.24* (1.65) 0.01** (2.25)

W*technological progress index -0.01* (-1.85) -0.01 (-0.02) 0.01** (1.79) -0.58* (-1.67)

W*technological progress index time lag item 0.02*** (3.51) -0.24* (-1.91) -0.81* (-1.72) 0.73* (-1.65)

other control variables YES YES YES YES

Log-likehood -73.07 -86.75 -88.16 -88.39

Note: The parentheses in the table are T values.

***, ** and * represent 1%, 5% and 10% significance levels.

https://doi.org/10.1371/journal.pone.0288535.t006

Table 7. Dynamic spatial effect decomposition of night light data.

variable form effect decomposition adjacency matrix geographic distance matrix economic distance matrix fiscal decentralization matrix

effect in the short direct effect 0.33*** (8.75) 0.35*** (8.84) 0.34*** (8.81) 0.34*** (9.18)

indirect effect -0.01** (-2.17) -0.01* (-1.73) -0.02* (-1.72) -0.02* (-1.84)

effect for a long direct effect -0.34*** (-3.47) -0.36*** (-7.90) -0.35*** (-7.91) -0.35*** (-8.23)

indirect effect -0.11* (-1.75) -0.08* (-1.66) -0.04** (-1.99) -0.01* (-1.92)

Note: The parentheses in the table are T values.

***, ** and * represent 1%, 5% and 10% significance levels. Since the decomposition of the correlation coefficients of other control variables are not included in the main

research content of this study, they are not listed here. Please ask for the author of this study if necessary.

https://doi.org/10.1371/journal.pone.0288535.t007
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discusses the conduction between policy effect and independent research and development by

selecting two main factors of Cochrane’s production function that affect technological prog-

ress, namely labor and capital. The estimated evidence can provide a reference for the incen-

tive process of independent research and development while further testing the empirical

results above. This section continues to use the sample selection criteria of the above studies.

On the premise of continuing the existing explanatory variables and control variables, the

panel data of 243 prefecture-level cities from 2001 to 2019 are constructed, with a total sample

size of 5260. In addition, since the estimated values in this section are mainly economic indica-

tors, the spatial weight matrix of economic distance is introduced and the estimates of other

spatial weight matrices are similar. Among them, the specific parameter estimation results are

shown in Table 8, and the partial differential of each coefficient is decomposed into Table 9.

According to the estimates in Tables 8 and 9 above, after partial differential decomposition

of the partial effects of labor factors and capital factors, it can be seen that all the estimated

parameters are basically significant. Tax and fee reduction policies can significantly affect the

ratio of labor to capital, their respective price levels and input-output rates. Among them,

there is a negative correlation between direct effect and indirect effect on capital price, while

there is a positive correlation between labor price, capital input output rate and labor input

output rate. This suggests that tax and fee reduction policies can affect the technology selection

bias and improve the productivity of two factors by adjusting the price of capital and labor. It

is testified the hypothesis four, which is that the tax and fee reduction policies closely associ-

ated with area of technology selection bias, and effect on the surrounding areas by spillover. In

addition, the effect of the policy of local can affect the surrounding area through the external

Table 8. Test of spatial interaction between labor and capital factors.

variable labor capital ratio capital price labor price capital productivity labor productivity

policy effect -0.03** (-2.20) -0.07*** (-2.96) 1.01* (1.92) 159.29* (1.66) 391.42*** (12.31)

W*policy effect -0.04*** (-2.89) -0.04* (-1.84) 0.02 (0.14) 28.15** (2.20) 226.82* (1.65)

Yt-1 -0.07* (-1.68) -0.13* (-1.92) 0.21* (1.82) 30.56** (2.41) 21.99* (1.93)

W*Y 0.05*** (2.82) -1.01*** (-9.02) 0.81** (1.99) 3.54 (0.10) -2.25** (-2.22)

W*Yt-1 -0.06* (-1.80) -0.22* (-1.73) 1.81*** (-3.72) 0.11* (1.84) 2.14** (2.47)

other control variables YES YES YES YES YES

Log-likehood -99.05 -188.05 -408.86 -2481.46 -4542.51

Note: The parentheses in the table are T values.

***, ** and * represent 1%, 5% and 10% significance levels.

https://doi.org/10.1371/journal.pone.0288535.t008

Table 9. Dynamic spatial effect decomposition of labor and capital factors.

variable form effect decomposition labor capital ratio capital price labor price capital productivity labor productivity

effect in the short direct effect -0.02** (-2.51) -0.07** (-2.54) 0.01*** (3.11) 15.96*** (16.99) 38.90*** (4.14)

indirect effect 0.01** (1.97) -0.03*** (-3.21) 0.03** (1.95) 5.42** (2.20) 24.51** (2.29)

effect for a long direct effect -0.52*** (-3.62) -0.07** (-2.52) 0.32*** (-8.81) 16.23*** (16.69) 37.96*** (4.26)

indirect effect -0.11* (-1.75) -0.02* (-1.88) -0.03* (-1.82) 8.47* (1.68) 25.71** (2.52)

Note: The parentheses in the table are T values.

***, ** and * represent 1%, 5% and 10% significance levels. Since the decomposition of the correlation coefficients of other control variables are not included in the main

research content of this study, they are not listed here. Please ask for the author of this study if necessary.

https://doi.org/10.1371/journal.pone.0288535.t009
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overflow and this is reflected in the convergence of labor and capital factors in neighboring

areas (both positive and negative prices and productivity). In the long run, the demand of the

dominant factors in this region will lead the independent research and development bias of the

whole region by means of the factor supply and technology imitation in the neighboring

regions. This tests Hypothesis 5 of this study, which is that tax and fee reduction policies will

affect the selection of labor and capital factors in the region’s preference for independent

research and development. At the same time, this dominant factor will lead the technological

research and development direction of the whole region by being imitated by neighboring

regions.

4. Conclusions

We first used Geoda to calculate the Moran’s I index and plotted the corresponding Moran

scatter plot for spatial correlation analysis. After verifying the spatiality, LM test and joint like-

lihood ratio LR test were used to estimate the LR and Wald values of the static spatial panel,

and the Hausman model was selected. Furthermore, spatial models can be classified as esti-

mates of dynamic Spatial Durbin Model. After partial differential decomposition of the coeffi-

cients of the dynamic Spatial Durbin Model, in order to make the estimation more robust, we

further used DMSP/OLS night light data and Malmquist productivity index to replace the rele-

vant variables, and utilized this to re-estimate from a more objective perspective. Although the

data sample replacing the dependent variable is DMSP/OLS night light data, there is no signifi-

cant heterogeneity in the estimation results in terms of significance and specific direction of

action.

Our conclusion is that: whether using geographic matrices, economic matrices, or fiscal

decentralization matrices for verification, local provinces are influenced by tax and fee reduc-

tion policies and tend to improve their own independent research and development levels in

the short term, while neighboring provinces use them for technology purchase and depen-

dence; Both direct and indirect effects are negative in the long run, indicating that tax and fee

reduction policies not only fail to improve the local level of independent research and develop-

ment in the long run, but also that in neighboring provinces; From a long-term and short-

term perspective, local governments have strategic behaviors of political promotion incentives

and independent innovation, rather than substantially improving the level of independent

innovation; In addition, the externality of policy effects in the region also have a two-way effect

of feedback.

In summary, the policy implications proposed in this study are as follows:

First of all, spatial agglomeration requires the government to fully consider the local innova-

tion background and economic basis when implementing policies and to break the resource

endowment of administrative divisions. Fiscal tax and fee reduction policies are closely

related to the technological preference of the region, and act on the surrounding areas by

spillover effect, which has certain externality. However, under the circumstances of inter-

regional economic and political autonomy, administrative regions are still restricted by

administrative barriers. Technological progress need manpower and material resources,

and in order to realize the national core competitiveness and innovation ability of ascen-

sion, When making policies, the government should not only focus on a single province or

autonomous region, but should subdivide the economy from the perspective of regional

overall planning to ensure the effective flow of elements and resources in the integrated.

Secondly, spatial feedback requires the government to focus on the two-way interaction of pol-

icy effects on independent research and development in neighboring regions when making
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policies, rather than the one-way assistance or imitation or learning for a province or

region. Due to historical reasons such as geography, history, economy and politics, various

regions show different economic attributes and characteristics in the process of develop-

ment. However, due to the existence of externality and feedback effect, independent inno-

vation can fully absorb the surrounding nutrients to make a breakthrough in core

competitiveness, so as to formate that a central point drives the regional economy. The pol-

icy implications of reducing taxes and fees has a horizontal effect on the incentive effect of

independent research and development, and can realize the selection of the advantageous

factors of labor and capital for independent research and development in this region. To

sum up, feedback effect can be considered to test the level of local independent innovation.

Finally, the spatial time lag requires policy makers not to focus only on the administration

period. Local governments generally have a term of administration, which is short-term in the

term of office of officials, while independent research and development and the cultivation of

core competitiveness is a long-term project. This kind of contradiction easily leads to the per-

formance of independent research and development as strategic motivation. Policy makers

should consider long-term development as a goal for assessing officials’ tenure. At the same

time, the accountability system or the lifetime system should continue to be used to evaluate

the innovation performance of officials who leave office, and the behavior of taking no respon-

sibility for the long term should be banned.

It should be noted that our research is different from the innovative development model of

the United States and other developed countries. For the United States, as a super developed

country, this is the starting point of innovation. As a developing country, to achieve a higher

level of independent research and development, we must rely on the advantages of domestic

policies and the level of foreign technology absorption and introduction. We have combed the

development model of China’s innovation practice, which can enrich innovation theory to a

certain extent, especially in developing countries. In both theory and practice, our research

will help developing countries choose appropriate innovation theories and independent

research and development practices, rather than copy the innovation theories and models of

developed countries.
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