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Abstract

This study uses a quasi-experimental method, Geographic Regression Discontinuity Design

(GRDD), to evaluate the actual effect of establishing Yangtze River Delta and Pearl River

Delta urban agglomerations on enterprise innovation. GRDD is a design in which a geo-

graphic boundary splits the units into treated and control areas in an as-if random fashion,

and the shortest distances from each enterprise’s location to the boundary of urban agglom-

eration calculated by ArcGIS are considered as the running variable. The actual effect can

be identified by the probability of receiving treatment jumps discontinuously at the known

cutoff. It is shown that the establishment of Yangtze River Delta and Pearl River Delta urban

agglomerations can significantly improve the enterprise innovation, and this outcome is veri-

fied by rigorous robustness tests including the placebo test with pseudo-boundary, the

bandwidth sensitivity test, the parametric test with different functional forms and the extreme

value test. Further, the influence mechanisms of state-level urban agglomerations promot-

ing enterprise innovation are explored by Staggered DID. It is confirmed that the urban

agglomeration construction can promote enterprise innovation through financial support

and regional coordination channels.

1 Introduction

Economic globalization needs strengthen the development of urban agglomeration, which has

become the most important modern economic development mode. The top 40% of the world’s

urban agglomerations contribute 66% of the global economy and 85% of scientific and techno-

logical innovations [1]. “First experimenting and then spreading” is the consistent thinking of

China’s central and local governments to promote various reforms. As a creative achievement

to promote China’s economic development and accelerate the urbanization process, the explo-

ration and practice of urban agglomeration construction is surpassing the national and admin-

istrative boundaries and becoming a “node” connecting the global economy, which is related

to the realization of the 14th “Five-Year Plan” and the “Long-term Goal of 2035” [2].

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0273154 August 25, 2022 1 / 23

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Zhao K, Huang H, Wu W (2022) Can the

establishment of state-level urban agglomeration

stimulate enterprise innovation?—Taking Yangtze

River Delta and Pearl River Delta as an example.

PLoS ONE 17(8): e0273154. https://doi.org/

10.1371/journal.pone.0273154

Editor: Jun Yang, Northeastern University

(Shenyang China), CHINA

Received: June 3, 2022

Accepted: August 3, 2022

Published: August 25, 2022

Copyright: © 2022 Zhao et al. 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: The data underlying

the results presented in the study are available

from (China Stock Market & Accounting Research

(CSMAR), http://www.csmar.com/).

Funding: The research was funded by National

Social Science Fund of China [grant number

20FJYB017].

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0002-0966-4714
https://doi.org/10.1371/journal.pone.0273154
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0273154&domain=pdf&date_stamp=2022-08-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0273154&domain=pdf&date_stamp=2022-08-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0273154&domain=pdf&date_stamp=2022-08-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0273154&domain=pdf&date_stamp=2022-08-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0273154&domain=pdf&date_stamp=2022-08-25
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0273154&domain=pdf&date_stamp=2022-08-25
https://doi.org/10.1371/journal.pone.0273154
https://doi.org/10.1371/journal.pone.0273154
http://creativecommons.org/licenses/by/4.0/
http://www.csmar.com/


Under the background of economic globalization and regional integration, the importance

of innovation is self-evident. No matter a country, a region or even an enterprise, the economic

competitive advantage comes from the constantly improving innovation ability. Although

some new global problems (i.e. epidemic of COVID-19, Sino-US trade friction) have changed

the external environment in recent years, innovation is still the key to gain competitive advan-

tage and promote the high-quality development. Enterprises, as the main body of innovation,

play an important role in promoting the high-quality development of China, while state-level

urban agglomerations, as the key carrier of innovation-driven, provide a novel perspective for

understanding local government behavior, enterprise innovation strategies and China’s eco-

nomic growth. Building a scientific and rigorous analysis framework to clarify the relationship

between China’s urban agglomeration construction and enterprise innovation can expand the

evaluation perspective of China’s urban agglomeration policy, and provide useful ideas for

realizing high-quality economic development by encouraging enterprise innovation [3].

Yangtze River Delta (henceforth, YRD) is the most comprehensive state-level urban

agglomeration in China, located in the alluvial plain at the mouth of the Yangtze River. The

YRD urban agglomeration covers 26 cities, including Shanghai, Nanjing and Hangzhou, with

a land area of 211,700 square kilometers and a total population of 150 million (in 2020),

accounting for one-fifth of China’s GDP. Pearl River Delta (henceforth, PRD) is the state-level

urban agglomeration with the strongest economic vitality in China. It is composed of 9 cities

including Guangzhou, Shenzhen and Foshan, with a total area of 56,000 square kilometers and

a total population of 70 million people (in 2020). Both YRD and PRD urban agglomerations

are bases for scientific and technological innovation, important platforms for China to partici-

pate in economic globalization, strategic areas for China’s modernization. They are the two

most advantageous urban agglomerations in China in terms of location and policy. On the

whole, the YRD and PRD have become China’s urban agglomerations with the largest popula-

tion inflow and the highest innovation output. Therefore, clarifying the actual effect of estab-

lishment of YRD and PRD urban agglomerations on enterprise innovation has important

values for optimizing government system and encouraging enterprise innovation. Specifically,

as far as the government is concerned, the accurate evaluation of the impact of urban agglom-

eration establishment on enterprise innovation and the identification of the preconditions and

conditions for the policy implementation can provide important reference for the central and

local governments to formulate effective development strategies, and provide a reliable basis

for the introduction of future policies. As far as enterprises are concerned, discussing the rela-

tionship between the construction of YRD and PRD urban agglomerations and the innovation

of enterprises is helpful to make innovation investment decisions at the micro-level and pro-

vide certain reference and theoretical guidance for enterprises to optimize the investment

structure.

Selection and endogeneity are often key threats to inference in the social science. Recently,

analysts have turned to natural experiments and quasi-experimental methods as one way to

overcome these obstacles in observational studies [4]. Although the Difference-In-Difference

(henceforth, DID) method can effectively identify the impact of the establishment of YRD and

PRD urban agglomerations, there is still a lack of analysis on the spatial role of urban agglom-

eration. To this end, we use a quasi-experimental method, Geographic Regression Discontinu-

ity Design (henceforth, GRDD), to evaluate the actual effect of establishing YRD and PRD

urban agglomerations on enterprise innovation from the spatial viewpoint.

The contributions of this study are mainly reflected in the following two aspects. First, the

establishment of urban agglomeration is a strategic plan put forward by the state according to

the current economic development situation, and it is the comprehensive product of regional

economic situation and administrative planning. Investigating the impact of state-level urban
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agglomeration establishment across administrative divisions on micro enterprise innovation,

provides a beneficial supplement for China’s location-oriented policy evaluation. Second,

examining the actual effect of urban agglomeration establishment by GRDD, can effectively

take the impact of “spatial layout” and “policy events” into account. While overcoming the

possible interference of endogenous problems on the empirical results, this study provides a

solid micro-foundation for how to practice and promote “innovation-driven” and “high-qual-

ity development” in the new era.

The paper is organized as follows. In the next section, we provide a brief literature review.

In section 3, we present the research design, identification strategy and estimation method. In

section 4, the data source and the preliminary exploration are discussed. In section 5, we dis-

cuss the estimated results, and verify the reliability of the results. In section 6, we draw the

main conclusions and policy recommendations.

2 Literature review

2.1 Urban agglomeration

There has been a long debate about the role of urban agglomeration in the literature on why

some regions successfully achieve growth, while other regions stagnate or decline [5]. Since

Gottmann puts forward the concept of urban agglomeration (Megalopolis) [6], a large number

of scholars begin to explore urban agglomeration from the perspectives of geography, regional

economics, urban economics, environmental science and other disciplines [7]. These studies

not only reflect the characteristics and the evolution of urban agglomerations, but also include

the prediction and optimization suggestions for the future development, providing theoretical

basis for the strategic planning of world urban agglomerations. The literature on urban

agglomeration can be roughly divided into three stages: the initial stage (2000–2007), the

developing stage (2008–2014), and the mature stage (2015–2022).

At the initial stage, scholars focus on the agglomeration form of “city-industry”, and try to

explore the geographical scope of external economic operation [8]. The related research in this

stage is mainly to investigate the formation process, population flow patterns and industrial

cluster types of urban agglomerations in the northeastern United States and Europe based on

qualitative methods and case studies [9, 10]. At the developing stage, scholars pay attention to

the development of urban agglomeration caused by urban network and urban cooperation. It

is found that urban expansions not only lead to regional fragmentation, but also generate new

regional associations, and the huge spatial scale will help to form new regional networks and

spatial associations across metropolitan areas [11]. The study of urban agglomeration in this

stage changes from qualitative to quantitative models, and the cellular automata simulation,

the multiple linear regression and the gravity model become analytical tools to study the evolu-

tion of urban agglomeration [12–14]. In addition, the night-light data and the traffic data are

more and more widely used in urban agglomeration study [15, 16]. With the development of

urbanization and urban agglomeration, the evaluation and the mechanism analysis of sustain-

able development of economy and environment become the center of attention, and the

research on urban agglomeration enters a mature stage. Many empirical studies evaluate the

development benefits of urban agglomerations from the perspective of economic efficiency.

These studies mainly include: building the empirical framework of spatial structure affecting

the economic efficiency of urban agglomeration [17]; discussing the spatial scale conditions of

urban agglomeration scale benefit [18]; evaluating the policy performance of establishing

urban agglomeration [7]; exploring the relationship between urban agglomeration spatial inte-

gration and industrial coordinated development [19]. Besides, the development of urban
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agglomeration inevitably involves resource consumption [20] and environmental pollution

[21].

The research on China’s urban agglomeration mainly involves four aspects: first, the hori-

zontal comparison of the development of urban agglomerations and longitudinal spatiotempo-

ral evolution analysis [22]; second, the scheme optimization and adjustment of urban

agglomeration construction [23]; third, the impact of urban agglomeration on economic

development, culture, ecological environment and ecological efficiency [24, 25]; fourth, the

spatial role of urban agglomerations [26, 27]. Scholars mainly investigate the effects of China’s

urban agglomeration from macro and meso perspectives. Firstly, from the macro perspective,

the actual impact of urban agglomeration on high-quality economic development [28] and the

promoting effect of urban agglomeration construction on China’s regional development [29]

are investigated by taking the Yangtze River Delta, Beijing-Tianjin-Hebei and other urban

agglomerations in China as examples. Secondly, from the meso perspective, the promoting

effects of Yangtze River Delta urban agglomeration on regional labor productivity [30], total

factor productivity, efficiency change and technology change [31] are discussed in-depth.

2.2 Enterprise innovation

Generally, enterprise innovation is affected by external environmental factors and internal

control factors. The external environmental factors mainly involve the horizontal competition

environment [32], market operation environment [33], thermal comfort environment [34],

and policy implementation environment [35] faced by enterprises in the process of innovation.

The horizontal competition environment can significantly adjust the performance and innova-

tion spirit of enterprises. Under the precondition that the performance is fixed, the fiercer the

competition in the same industry, the lower the willingness of enterprises to innovate [36].

The marketization degree is one of the important indexes to evaluate the market operation

environment, and the difference of marketization degree in different regions is often an

important reason for the heterogeneity of innovation behaviors [37].

The internal control factors that affect enterprise innovation mainly involve ownership and

management [38, 39], and the impact of internal control factors on enterprise innovation is

still inconclusive. First, from the perspective of ownership, Chen et al. confirms that the stron-

ger the control over enterprises, the more beneficial it is to encourage enterprises to increase

innovation input and improve innovation output [40]. However, some studies find that there

is an “inverted U-shaped” relationship between the level of ownership and the enterprise inno-

vation, and too high or too low ownership will reduce the willingness of enterprises to invest

in R&D [41], and may hinder the innovation output [42]. Second, from the perspective of

management, moderate concentration of management can ensure the efficient execution of

enterprises and provide a strong guarantee for enterprises to carry out innovation activities

[43]; excessively centralized management may lead to inefficient decision-making quality and

further generate a negative impact on enterprise innovation [44]; excessively decentralized

management may lead to decision-making conflicts, which in turn inhibits the innovation of

enterprises [45].

2.3 Policy evaluation and GRDD

Knowledge resource related to innovation activities play an important role in high-quality eco-

nomic development. As the government’s knowledge resource investment has been rising, the

importance of policy evaluation has become pronounced [46, 47]. Regression Discontinuity

Design (henceforth, RDD), as a mainstream quasi-experimental approach, has been gradually

applied to economics since the late 1990s [48]. Lee and Lemieux summarize the promise that
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surrounds this design, attributing the recent wave of RDD studies to “the belief that the RDD

is not ‘just another’ evaluation strategy and that causal inferences from RDD are potentially

more credible than those from typical ‘natural experiment’ strategies” [49]. Wang et al. use the

RDD to empirically test the influence of the establishment of the Shanghai pilot free-trade

zone on the green total factor productivity [50]. Moreover, analysts use RDD to recover experi-

mental benchmarks, which have only bolstered their credibility [51]. By taking the boundaries

of regions or regional policies as running variables, RDD can judge individuals in the treat-

ment group or control group by their relative geographical boundary positions, thus constitut-

ing the Geographic RDD (GRDD).

One of the earliest and most famous examples of exploiting geographic variation to estimate

causal effects is the study by Card and Krueger, who estimate the effect of increasing the mini-

mum wage on employment by comparing fast-food restaurants in New Jersey (where the min-

imum wage is increased) to restaurants in adjacent eastern Pennsylvania [52]. In political

science, political boundaries are often associated with variation in key treatments such as

national or state institutions. For example, Posner uses the colonial border between Zambia

and Malawi, which is drawn by the British South African Company and split two different eth-

nic groups, to study the political salience of cultural cleavages [53]. GRDD are an increasingly

popular type of natural experiment in political science, and have been recently used to study a

variety of topics [54]. Dell is the first to take geographical distance as a running variable, and

uses GRDD to explore the impact of the labor service system implemented by the Spanish

colonial government in Peru on the local economic development [55]. Subsequently, scholars

begin to use GRDD to study Chinese problems. Chen et al use the “Qinling Mountains and

Huaihe River” central heating boundary as the geographical cutoff line to study the impact of

central heating on air quality, and it is found that coal burning for heating in the north of

“Qinling Mountains and Huaihe River” line reduces average life expectancy [56]. Xin and Xu

start with a border of the puppet Manchukuo, and deeply discusses the long-term impact of

the puppet Manchukuo colonial rule on the regional economy of their jurisdiction [57]. Yu

and Wang take the lead in applying GRDD to urban agglomeration performance evaluation

[58]. Due to the large expansion scope and strong observability of the YRD urban agglomera-

tion, Deng and Li take the capacity expansion of the YRD urban agglomeration as a quasi-nat-

ural experiment by means of GRDD [2]. The actual impact of urban agglomeration expansion

in the YRD is identified by comparing the performance changes of 60 cities near the expansion

boundary in 2010.

To sum up, there are still the following problems to be improved. First, there are still

differences on the delineation of urban agglomeration, and few literatures discuss the micro-

enterprise innovation within the scope of urban agglomeration. Second, existing studies

mostly use OLS or DID methods to investigate the impact of location-oriented policies such as

urban agglomeration, but there is still a lack of analysis on the spatial role of urban

agglomeration.

3 Research design

3.1 Setup and notation

GRDD is a design in which a geographic or administrative boundary splits the units into

treated and control areas in an as-if random fashion. It is a special case of the RDD with two

arbitrary scores (coordinate systems like latitude and longitude). We compare the enterprises

in a treated area (YRD and PRD urban agglomerations) to enterprises in a control area, which

we denote by AT and AC, respectively. We adopt the potential outcomes framework and

assume that enterprise i has two potential outcomes, Yi1 and Yi0, which correspond to levels of
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treatment Ti = 1 and Ti = 0, respectively. In this context, Ti = 1 denotes that enterprise i is

within YRD and PRD urban agglomerations (AT) and Ti = 0 denotes that enterprise i is out

of urban agglomeration (AC). The observed outcome is Yi = TiYi1+(1−Ti)Yi0, and the funda-

mental problem of causal inference is that we cannot observe both Yi1 and Yi0 simultaneously

for any given enterprise, which implies that we cannot recover the individual effect τi =

Yi1−Yi0.

We define the variable that uniquely represents enterprise i’s geographic location, and

allows us to compute enterprise i’s distance to any point on the border. We use vectors, in

bold, to simplify the notation. The geographic location of enterprise i is given by latitude and

longitude, (Si1,Si2) = Si. We consider the set that collects the locations of boundary points B

(cutoff), and denote a single point on the boundary by b = (S1,S2)2B. Thus, AT and AC are the

sets that collect, respectively, the locations that receive treatment and control. The treatment

assignment is a deterministic function of Si, and can be written as Ti = T(Si), with T(s) = 1 for

s2AT and with T(s) = 0 for s2AC. This assignment has a discontinuity at the known boundary

B, and the actual effect of the establishment of YRD and PRD urban agglomerations on the

innovation activities of enterprises can be identified by comparing whether the innovation

activities of enterprises on both sides of the border jump at the known boundary B.

3.2 Identification

GRDD is a particular case of the two-dimensional RDD, and geography creates a number of

complications that are not necessarily common in nongeographic designs. Therefore, it is bet-

ter to define the running variable (score) S as the shortest distance to the boundary. Enterprises

that are close to the boundary in terms of this distance but on opposite sides of it are taken as

valid counterfactuals for each other [59]. Specifically, enterprise i has distance Si = dist if the

distance from enterprise i’s location to the point on the boundary that is closest to i is equal to

dist. If Pr(Ti = 1) = 1 for all i such that si2AT and Pr(Ti = 0) = 1 for all i such that si2AC (the

discontinuity is sharp), then

tðbÞ � EfYi1 � Yi0jSi ¼ bg

¼ limsT!b EfYijSi ¼ sTg � limsC!b EfYijSi ¼ sCg for all b 2 B
ð1Þ

In other words, we can identify one treatment effect τ(b) for every point b on the boundary,

defining a treatment effect curve. The average parameter τ = E{Yi1−Yi0|Si2B} could be

obtained by integrating the τ(b) effects over the entire boundary. Following previous studies

[60], we can write the average treatment effect τ as

t ¼

Z

s2B
tðsÞf ðsjS 2 BÞds ¼

Z

s2B
tðsÞf ðsÞds

Z

s2B
f ðsÞds

ð2Þ

which can be easily recovered once the local effects τ(�) and the density f(�) are estimated at

multiple boundary points.

3.3 Estimation

To estimate a conditional expectation of the outcomes as a function of the distance to the

boundary, we follow the existing studies [4] and define μ(x) = E(Y|X = x) as the regression

function of the observed outcome Y on some univariate X. Assume that the first p+1 deriva-

tives of μ(x) at the point X = x0 exist, we can approximate μ(x) in a neighborhood of x0 by a
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Taylor expansion:

m xð Þ � m x0ð Þ þ m
1 x0ð Þ x � x0ð Þ þ

m2ðx0Þ

2
ðx � x0Þ

2
þ . . .þ

mpðx0Þ

p!
ðx � x0Þ

p
ð3Þ

where μ(x0),μ1(x0),. . .,μp(x0) denote the first (p+1)th derivatives of μ(x0). In local regression

estimation, this polynomial is fitted locally, minimizing a weighted sum of squared residuals.

The estimated coefficients bb ¼ ðbb1;
bb2; . . . ; bbpÞ

0
are defined as

bb ¼ arg min
b

XN

i¼1

Yi �
Xp

j¼0

bjðXi � x0Þ
j

" #2

wi ð4Þ

with weight wi ¼
1

h K
Xi � x0

h

� �
for a given kernel function K(�) (for example, uniform kernel:

K uð Þ ¼ 1

2
1 juj < 1f g; triangular kernel: KðuÞ ¼ ð1 � jujÞ1fjuj < 1g) and bandwidth h. Using

this local polynomial estimator, we borrow the basic estimation approach from RDD, which

involves estimating the left and right limits of μ(c), denoted μl(c) and μr(c) respectively, with a

local polynomial of degree one, where c is a known cutoff in the score. The estimation of μl(c) uses

only observations to the left of c, similarly, estimation of μr(c) uses only observations to the right

of the cutoff. For given weights wi and a scalar score Si, this involves computing the weighted

regression of the observed outcome Yi on a constant and Si−c. The estimated effect is then

bt ¼ dmrðcÞ � dmlðcÞ ð5Þ

For a given point b on the boundary, we calculate the Euclidean distance between the loca-

tion Si of enterprise i and b. For every enterprise i in the sample, this distance is defined as

fb(Si). Consider

mðbÞC � lim
sC!b

EfYi0jfbðSiÞ ¼ fbðs
CÞg

mðbÞT � lim
sT!b

EfYi1jfbðSiÞ ¼ fbðs
TÞg

ð6Þ

Local linear regression is used to estimate the above functions and reduce estimation bias

[61], namely

ðbaC
b ;
bbC
b Þ ¼ arg min

aCb ;b
C
b

X

i2ACfYi � a
C
b � b

C
b ½fbðSiÞ � fbðbÞ�

2
gwib

ðbaT
b ;
bbT
bÞ ¼ arg min

aTb ;b
T
b

X

i2ATfYi � a
T
b � b

T
b ½fbðSiÞ � fbðbÞ�

2
gwib

ð7Þ

where wib ¼
1

hb
K fbðSiÞ� fbðbÞ

hb

� �
are a set of spatial weights, hb is the bandwidth at the boundary

point b. Kernel function K(�) mainly includes triangular kernel, uniform kernel and epanech-

nikov kernel. Since triangular kernel is more suitable for boundary estimation in local linear

regression [49], we use triangular kernel function to minimize the above equations, and test

the robustness with other kernel functions.

4 Data and preliminary exploration

This study takes listed enterprises within 100 kilometers on both sides of the boundary of YRD

and PRD urban agglomerations in China from 2007 to 2019 as research samples. There are

two reasons for selecting enterprises within 100km inside and outside the boundary of urban

agglomeration as research samples: first, 100km inside the boundary of the urban
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agglomeration can cover all listed enterprises within the urban agglomeration. If the distance

is too small (for example, 50km), some enterprises within urban agglomeration will not be

included in the analysis; second, when designing the geographic regression discontinuity, the

distance between the two sides of the boundary should be symmetrical far as possible.

4.1 Data source and variable description

The research data in this study consist of micro-enterprise data and urban-agglomeration-map

data. Micro-enterprise data stem from the China Stock Market & Accounting Research (CSMAR)

database (http://www.csmar.com/), mainly involving the China’s A-share listed enterprises from

2007 to 2019. Specifically, the patent data (such as patent applications, invention patent applica-

tions and patent grants) of enterprises comes from the “Patent Database of Listed Companies and

Subsidiaries” in CSMAR database. Considering that the index of research and development

investment in CSMAR database changed its statistical caliber in 2007, sample data after 2007 are

selected for analysis to ensure the consistency of data statistical caliber. In addition, this study also

processes the original data as follows: First, we eliminate ST, PT and samples with variable dele-

tion. Secondly, in order to ensure the comparability of samples before and after the policy of YRD

and PRD urban agglomerations, we eliminate enterprises that are listed after 2007 and delisted

before 2019. Urban-agglomeration-map data stem from the “Yangtze River Delta Urban Agglom-
eration Development Plan” approved by the Chinese government in 2016 and the “Pearl River
Delta Urban Agglomeration Coordinated Development Plan (2004–2020)” approved by the Chi-

nese government in 2004. Fig 1 shows the location information of China’s listed enterprises and

the boundary information about YRD and PRD urban agglomerations. The symbol and defini-

tion of the variables involved in this study are summarized in Table 1.

In this study, the quantity of patent applications (RDoutput) is chosen to measure the inno-

vation of enterprises for two reasons: first, the quantity of patent applications is not easily

interfered by external factors, such as bureaucratic factors, patent maintenance fees; second,

the patent application data is easy to obtain, and can be used as a stable and objective standard

to effectively measure the innovation [62].

Running variable is set as the shortest distance (dist) from the longitude and latitude coor-

dinates of the geographical location of the enterprise to the boundary of urban agglomerations.

To obtain the shortest distance for each enterprise, we adopt the following steps. First, the

shape of YRD and PRD urban agglomerations defined by government is projected to the Arc-

GIS software (version 10.5), to obtain the boundary information about urban agglomeration.

Second, the geocoding technique, which is the process of converting addresses of enterprises

into a coordinate system (typically latitude and longitude), is used to help us to know the pre-

cise location of enterprises. Third, we use a buffer to identify which enterprises are within

100km from the border on either side. Fourth, we calculate the shortest distance from each

enterprise location to the boundary of urban agglomerations by ArcGIS software, and develop

a running variable (score) that reflects the two-dimensional geographic space.

Control variables mainly cover enterprise operating status, enterprise profitability, and

owner’s equity of enterprises. Operating status usually affect the innovation behavior and will-

ingness of enterprises. Considering that operating income can reflect the change of short-term

demand, the operating income processed by logarithm (sale) is used in this study to measure

the operating status of enterprises. Enterprise innovation needs a large amount of capital

investment. Generally, the higher the profit rate, the higher the level of innovation [63]. Thus,

we use the logarithm of net profit (profit) to measure the profitability of enterprises. Owners’

equity is the portion of an enterprise’s assets that belongs to the owner after the deduction of

creditors’ equity, which can reflect the case of owner investment capital preservation and
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appreciation. We use the owners’ capital input, other comprehensive income and retained

income to measure the owners’ equity (equity) of enterprises.

It is worth noting that there are differences in the distribution of enterprise samples on

both sides of the boundary of urban agglomerations, specifically more samples within urban

agglomeration and less samples outside urban agglomeration. Therefore, we randomly select

288 listed enterprises distributed on both sides of the boundary of urban agglomeration and

less than 100 kilometers away from the boundary. After random sampling, there are 149 listed

enterprises (109 enterprises in YRD urban agglomeration, 40 enterprises in PRD urban

agglomeration) in the treatment group and 139 listed enterprises (121 enterprises in YRD

Fig 1. Urban agglomerations and listed enterprises.

https://doi.org/10.1371/journal.pone.0273154.g001

Table 1. Variable definitions.

Type Name Symbol Definition

Outcome variable Enterprise innovation RDoutput Ln (number of patent applications +1)

Running variable Score dist The shortest distance from the location of enterprises to the boundary of urban agglomerations

Control variable Operating status sale Ln (operation income)

Profitability profit Ln (net profits)

Owner’s equity equity Ln (total owners’ equity)

https://doi.org/10.1371/journal.pone.0273154.t001

PLOS ONE Can the establishment of state-level urban agglomeration stimulate enterprise innovation?

PLOS ONE | https://doi.org/10.1371/journal.pone.0273154 August 25, 2022 9 / 23

https://doi.org/10.1371/journal.pone.0273154.g001
https://doi.org/10.1371/journal.pone.0273154.t001
https://doi.org/10.1371/journal.pone.0273154


urban agglomeration, 18 enterprises in PRD urban agglomeration) in the control group.

Details are shown in Fig 2.

Table 2 lists descriptive statistics for the main variables. It is worthwhile to note that accord-

ing to dist−, there are 139 samples of listed enterprises outside the demarcated scope of YRD

and PRD urban agglomerations, and the number of enterprises within YRD and PRD urban

agglomerations is 149 according to dist+.

4.2 Preliminary exploration

GRDD can be tested as a randomized experiment. Therefore, before in-depth analysis, we

should first observe the breakpoint caused by the policy of the establishment of YRD and PRD

urban agglomerations, to verify whether the outcome variable will show systematic changes

due to the urban agglomeration setup. Fig 3 shows the relationship between the outcome vari-

able (RDoutput) and the running variable (dist). It can be seen that enterprise innovation has

an obvious jump at the cutoff. This indicates that the innovation level of enterprises in treated

group near the boundary of urban agglomerations is significantly higher than that in control

group.

Besides, predetermined covariates (control variables) can be treated as outcomes using the

similar approach outlined above to verify whether the change of enterprise innovation is

related to the characteristics of enterprises. We would hope to find that there is no obvious

jump for operating status (sale) and other covariates (profit,equity) at cutoff (boundary line).

Fig 4 shows the changes of covariates. The scatter points are the average value of covariates,

and the straight line is the regression fitting value of all the scatter points on both sides of the

cutoff. It is shown that all control variables have continuity at the cutoff, and the difference in

enterprise innovation at cutoff is not due to the influence of control variables.

5 Empirical discussion

5.1 Impact of urban agglomeration construction on enterprise innovation

Considering the operating status, profitability, and owners’ equity of enterprises shown in Fig

4 meet the continuity assumption, we introduce the abovementioned control variables into the

model estimation. By this way, the actual impact of urban agglomeration establishment on

enterprise innovation can be more accurately obtained, and the estimated values is closer to

the real values. The specific estimated results are shown in Table 3.

Column (1) of Table 3 shows the estimated results without control variables, columns (2) to

(4) are the estimates for introducing control variables and using different kernel functions. It

is shown that at the statistical level of 5% or 10%, the average treatment effect (ATE) of urban

agglomeration construction on enterprise innovation is significantly positive, and the esti-

mated values of this jump remains between 0.753 and 0.921. No matter whether to introduce

control variable or change the form of kernel function, the estimated results are basically con-

sistent, which indirectly confirms the robustness of the study. On the whole, this finding indi-

cates that the urban agglomeration construction can significantly improve the innovation of

enterprises within the urban agglomeration. The reason behind this may be that the construc-

tion of urban agglomeration is conducive to the formation of agglomeration effect among

enterprises. Agglomeration effect can be divided into specialized economic effect and diversi-

fied economic effect. The former refers to the gain of enterprises in the same industry due to

spatial agglomeration, while the latter refers to the benefit from different industries due to spa-

tial agglomeration. Enterprises in the same industry gather in urban agglomeration, which can

bring many benefits to enterprises [64]. First, the agglomeration of enterprises in the same

industry can generate knowledge spillover effect [65], which will reduce the learning cost
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Fig 2. Boundary and buffer of urban agglomerations.

https://doi.org/10.1371/journal.pone.0273154.g002
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among enterprises and accelerate the speed of knowledge updating [66]. Second, the agglomer-

ation of enterprises in the same industry is also conducive to realizing economies of scale. The

convenience of raw material supply and customer group search will be greatly increased, thus

reducing the production cost and sales cost of unit product [67]. Third, enterprises in the same

industry have a high similarity in the demand for professional personnel. The agglomeration

of enterprises expands the development space of professionals, which is conducive to attracting

a large number of talents, thus making it easier for enterprises to gather all kinds of technical

personnel needed [68]. Fourth, the similarity in the use of factories and equipment among

enterprises in the same industry makes it easier to realize the special assets invested by enter-

prises, which will greatly increase the financial flexibility of enterprises and better meet the

capital needs of enterprise innovation [69]. It is thus clear that the specialized economic effects

produced by urban agglomeration provide superior conditions for enterprise innovation [70].

The agglomeration of enterprises in different industries in the same urban agglomeration will

also generate increasing benefits, even more than that in the same industry [71], namely Jacobs

external economy. First, infrastructure can be shared among diversified industries, for

Table 2. Descriptive statistics.

Name Mean Median Variance Minimum Maximum Observation

RDoutput 3.56 3.95 2.21 0 10.68 288

dist -13.64 0.90 35.18 -96.07 35.63 288

dist− -43.88 -52.20 25.86 -96.07 -1.90 139

dist+ 14.58 13.15 10.77 0.09 35.63 149

sale 22.13 22.06 1.279 19.09 26.47 287

profit 21.76 21.71 1.115 19.41 25.49 287

equity 19.34 19.20 1.37 15.45 23.85 269

https://doi.org/10.1371/journal.pone.0273154.t002

Fig 3. Changes of enterprise innovation at the cutoff.

https://doi.org/10.1371/journal.pone.0273154.g003
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example, more banking institutions make corporate financing more convenient and cheaper.

Second, the agglomeration of enterprises from different industries in the same urban agglom-

eration will produce spillover effects of knowledge and technology, and the knowledge spill-

over or networks could improve the innovation performance of enterprises [72], even lead to

the breakthrough innovation [73].

5.2 Robustness check

To verify the validity of the previous estimates and prove that the GRDD results do not depend

on the special settings of the model, we will conduct the following robustness tests: (1) test for

precise control of running variable by enterprises; (2) test for the continuity of control vari-

ables; (3) test for bandwidth sensitivity; (4) placebo test with pseudo-boundary; (5) extreme

value test.

(1) Test for precise control of running variable by enterprises. The premise of GRDD is

that the groups on both sides of cutoff (line) have randomness. If sample enterprises can

manipulate and even select groups, the estimated results of GRDD will be invalid. To ensure

the accuracy and validity of GRDD, it is necessary to test whether the sample enterprise can

control the running variable. If the GRDD is valid (there is no manipulation around the cut-

off), then there should be no discontinuity observed in the number of observations just above

or below the cutoff. We use the nonparametric statistical test provided by McCrary to check

whether the distribution of running variable is continuous [74]. Fig 5 depicts the running vari-

able does not jump significantly at the cutoff, and the shortest distance from the enterprise

location to the urban agglomeration boundary is continuously distributed. This indicates that

Fig 4. Changes of covariates at the cutoff. a (Operating status). b (Profitability). c (Owner’s equity).

https://doi.org/10.1371/journal.pone.0273154.g004

Table 3. Estimated results of GRDD.

Outcome Enterprise innovation

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

ATE 0.831� 0.753� 0.913�� 0.921�

(0.4716) (0.4294) (0.4559) (0.4794)

Kernel function Tri Tri Epa Uni

Bandwidth (km) 50 50 50 50

Control variable no Yes yes yes

Observation 211 197 197 197

Note

���, ��, and � represent the significance levels at 1%, 5%, and 10%, respectively; robust standard error is presented in parentheses; Kernel function “Tri” stands for

Triangular; “Epa” stands for Epanechnikov; “Uni” stands for Uniform.

https://doi.org/10.1371/journal.pone.0273154.t003
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the individual enterprise cannot accurately control the running variable, the research design

meets the assumptions of GRDD, and the estimated results are valid.

(2) Test for the continuity of control variables. To ensure that the urban agglomeration

establishment is the cause of the significant change of enterprise innovation, the continuity of

the conditional density of control variables near the cutoff should be guaranteed. If the control

variable jumps significantly at the cutoff, it means that the jump of enterprise innovation at the

cutoff cannot be attributed to the establishment of urban agglomeration. On the basis of Fig 4,

we use RDD to further empirically check whether enterprise characteristics change signifi-

cantly at the cutoff, and to verify the continuity of covariate. Table 4 reports the estimated

results of the jump at the cutoff for control variables (covariate). By using three different kernel

functions (Triangular, Epanechnikov, and Uniform), we find that the estimated results for all

Fig 5. Distribution of running variable.

https://doi.org/10.1371/journal.pone.0273154.g005

Table 4. Continuity test of control variables.

Control variables

Kernel function sale equity profit
Triangular 0.179 0.225 0.535

(0.3362) (0.2376) (0.3512)

Epanechnikov 0.236 0.331 0.0720

(0.3249) (0.2405) (0.6224)

Uniform 0.315 0.443 -0.468

(0.3218) (0.2472) (0.7253)

Note

���, ��, and � represent the significance levels at 1%, 5%, and 10%, respectively; robust standard error is presented in

parentheses.

https://doi.org/10.1371/journal.pone.0273154.t004
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control variables at the cutoff are insignificant. Therefore, there is no empirical evidence that

these control variables are discontinuous at the cutoff, which satisfies the validity assumption

of GRDD.

(3) Test for bandwidth sensitivity. Since there is a “bias-variance tradeoff”, the choice of

bandwidth is fundamental for the analysis and interpretation of GRDD. Table 5 reports the

estimated results by using different bandwidths. “BW” represents the initial bandwidth; “BW

+1” means adding 1 to the initial bandwidth and “BW+2” means adding 2 to the initial band-

width, and so on. The test results show that despite the change of bandwidth, the estimated

ATEs are significant at the statistical level of 10%, and the difference of estimated values is

small (between 0.720 and 0.818). It can be considered that the bandwidth change has no signif-

icant impact on the estimated results, and the findings by GRDD shown in Table 3 are robust.

(4) Placebo test. This falsification test replaces the true boundary by another pseudo-

boundary at which the treatment status does not really change, and performs estimation and

inference using this fake or placebo cutoff line. The expectation is that no significant treatment

effect will occur at placebo cutoff line (pseudo-boundary). If the outcome variable at the

pseudo-boundary has a significant jump, it can be considered that some unobserved factors

may affect the outcome variable. To this end, we define some pseudo-boundaries, such as “real

boundary -1km”, “real boundary +1km”, “real boundary -2km” and “real boundary +2km”.

The estimated results based on these four pseudo-boundaries are sorted out in Table 6. It is

shown that the ATEs are not statistically significant, and the outcome of interest does not

jump discontinuously at the artificial cutoffs considered.

(5) Extreme value test. The sample can be limited to a value of running variable between

the upper and lower quartiles, and the extreme value test is carried out by eliminating potential

extreme enterprises. GRDD is used to estimate the policy effect with three different kernel

functions, and the estimated results are shown in Table 7.

Table 5. Sensitivity test to bandwidth choice.

(1) BW-4 (2) BW-2 (3) BW (4) BW+2 (5) BW+4

ATE 0.720� 0.738� 0.753� 0.765� 0.818�

(0.4235) (0.4266) (0.4294) (0.4319) (0.4202)

Bandwidth selection 46 48 50 52 54

Control variable Yes yes yes yes yes

Observation 204 206 211 212 220

Note

���, ��, and � represent the significance levels at 1%, 5%, and 10%, respectively; robust standard error is presented in parentheses.

https://doi.org/10.1371/journal.pone.0273154.t005

Table 6. Placebo test with pseudo-boundary.

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

ATE -0.552 0.326 -1.378 0.065

(0.5735) (0.3618) (0.9121) (0.3559)

Pseudo-boundary real boundary -1km real boundary +1km real boundary -2km real boundary +2km

Optimal bandwidth (km) 8.8 6.3 9.3 5.3

Kernel function Triangular Triangular Triangular Triangular

Observation 62 53 63 52

Note

���, ��, and � represent the significance levels at 1%, 5%, and 10%, respectively; robust standard error is presented in parentheses.

https://doi.org/10.1371/journal.pone.0273154.t006
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According to results shown in Table 7, the ATEs of the establishment of urban agglomera-

tion on enterprise innovation have some changes compared with the full sample, but the dif-

ferences are not obvious. The results are not affected by the extreme values, which confirms

the reliability of the GRDD estimation in this study.

5.3 Influence mechanism of state-level urban agglomeration

Considering that the establishment time of state-level urban agglomerations is different, we

follow the practice of Hoynes et al. [75], and adopt Staggered DID to explore the influence

mechanisms of state-level urban agglomerations promoting enterprise innovation, specific as

follows.

RDoutputit ¼ a0 þ a1 � treatit þ a2 � treatit �Mþ Xitgþ ui þ lt þ εit ð8Þ

where i indexes the enterprise, t represents the year, RDoutput is enterprise innovation. X is a

set of control variables that change with time (shown in Table 1). ui is the individual effect, λt

is the time fixed effect, and εit is the random disturbance term. treatit represents the policy

treatment variable. If the enterprise i is within the scope of the state-level urban agglomeration

in t year, this enterprise will be in the treatment period, and the value treat of the current year

(t) and the subsequent period (t+1,t+2,. . .) will be 1, otherwise 0. M is the mediator variable

which stands for financial support channel (sub) and regional coordination channel (coor),
respectively. sub is calculated by natural logarithm of government subsidies received by each

enterprise plus 1, and the data of government subsidies stem from CSMAR database and

annual reports of listed enterprises. As far as the measure of regional coordination effect is

concerned, for enterprises out of urban agglomeration, coor is measured by the attractiveness

score of the city where enterprises are located; for enterprises within urban agglomeration,

coor is measured by the average score of all node cities in this urban agglomeration. The data

of attractiveness score are compiled from the annual “Ranking of Cites’ Business Attractive-

ness in China” published by Yicai (https://www.yicai.com/).

Column (1) of Table 8 reports the impact of state-level urban agglomeration construction

on enterprise innovation using Staggered DID method. The estimation results show that

urban agglomeration can significantly promote enterprise innovation, which further verifies

the previous findings. According to the results in column (2), the coefficient of cross-term

treat×sub is significantly positive, which proves that urban agglomeration has significant

financial support effect on enterprise innovation. The financial support (for example, subsidy)

enjoyed by enterprises in urban agglomeration is an important driving force to encourage

enterprise innovation. Enterprises in state-level urban agglomerations often have more oppor-

tunities to get financial support from the government, which stimulates them to carry out

Table 7. Extreme value test.

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

ATE 1.160�� 1.050�� 1.201�� 1.211��

(0.5028) (0.4622) (0.4901) (0.5111)

Kernel function Triangular Triangular Epanechnikov Uniform

Bandwidth (km) 50 50 50 50

Control variable no yes yes yes

Observation 139 127 127 127

Note

���, ��, and � represent the significance levels at 1%, 5%, and 10%, respectively; robust standard error is presented in parentheses.

https://doi.org/10.1371/journal.pone.0273154.t007
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innovation activities [76]. In addition, financial support will indirectly guide the flow of finan-

cial resources into urban agglomerations (for example, banks will be more willing to provide

low-interest loans to enterprises within urban agglomerations), thus improving innovation by

reducing the financing costs of enterprises. Column (3) reports the effect of cross-term treat×-
coor on enterprise innovation. The results show that urban agglomeration promotes enterprise

innovation through regional coordination channel. The construction of urban agglomeration

not only expands the market scale, but also broadens the scope of innovation resources flow,

greatly promoting the flow of talents, capital and information in the region [77]. On this basis,

the agglomeration of innovation resources and the acceleration of their flow force enterprises

in urban agglomerations to improve their R&D modes, thus enhancing their innovation

ability.

6 Conclusion

At present, China’s high-quality development needs to be driven by point to area policy, and

the establishment of urban agglomeration is undoubtedly in line with this. The YRD is an

important intersection of the Belt and Road (B&R) and the Yangtze River Economic Belt; the

PRD is one of the most dynamic economic zones in the Asia-Pacific region. Both of them are

bases for scientific and technological innovation, important platforms for China to participate

in economic globalization, strategic areas for China’s modernization. This study evaluates the

impact of YRD and PRD urban agglomeration establishment on enterprise innovation mea-

sured by the number of patents using the quasi-natural experimental method GRDD. Unlike

the existing literature focusing on regional outcomes, this study explores the impact on indi-

vidual enterprises based on the data of Chinese listed enterprises. The shortest distances from

the enterprise location to the boundary of urban agglomerations are calculated by ArcGIS, and

we consider the shortest distance as the running variable. Compared with other methods, the

causal inference of GRDD is clear, and the assumptions are easy to test. It is shown that the

establishment of YRD and PRD urban agglomerations can significantly improve the enterprise

innovation, and this outcome is verified by some robustness tests including bandwidth sensi-

tivity test, placebo test, extreme value test, etc. In addition, the influence mechanisms of state-

level urban agglomerations promoting enterprise innovation are explored by Staggered DID.

It is confirmed that the urban agglomeration construction can promote enterprise innovation

through financial support and regional coordination channels.

Table 8. Influence mechanism.

(1) (2) (3)

treat 1.268��� 1.032��� 1.041���

(0.0773) (0.2909) (0.2706)

treat×sub 0.079��� (0.0171)

treat×coor 0.763��� (0.1511)

Control variable yes Yes yes

Adj R2 0.129 0.131 0.132

Observationa 3288 3288 3288

Note
a no sampling process and no control of the distance between sample enterprises and the boundary of urban

agglomeration

���, ��, and � represent the significance levels at 1%, 5%, and 10%, respectively; robust standard error is presented in

parentheses.

https://doi.org/10.1371/journal.pone.0273154.t008
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Overall, the establishment of YRD and PRD urban agglomerations achieves good results in

stimulating the innovation of enterprises. It is an important way for China to implement and

promote this innovation-driven and place-based strategy to weaken the restrictions of admin-

istrative divisions. Although some cities in YRD and PRD are still in an environment with rela-

tively backward resources, the establishment of urban agglomeration can integrate and share

the resources within the region, which is conducive to the enterprise innovation and promote

the high-quality development. To further strengthen the positive effect of YRD and PRD

urban agglomeration on enterprise innovation, relevant government departments should

weaken the restrictions of traditional administrative divisions, take urban agglomerations as

regional units [78], gather innovative talents in science and technology, optimize the allocation

of innovation resources in urban agglomerations and improve infrastructure construction. In

addition, the policy implementation environment [79], the thermal comfort environment [80,

81], the infrastructure environment [82, 83] and the innovation environment [84, 85] have

important influence on enterprise innovation. Therefore, relevant government departments

should build the relatively fair and transparent policy implementation environment, improve

the quality of infrastructure, and strengthen Industry-University-Research cooperation, to fur-

ther promote enterprise innovation. In particular, the relevant departments should pay atten-

tion to promoting the steady development of enterprise innovation by building an innovation-

driven policy system with urban agglomeration as the carrier. Besides, relevant departments

can ameliorate the innovative mode of YRD and PRD urban agglomeration, and take advan-

tage of the “joint development” and “relying” mode of urban agglomeration integration to

achieve “introduction, absorption and re-innovation”.

It is unavoidable that some shortcomings remain in this study. First, the measurement of

enterprise innovation is rather rough, without considering the differences in patents (for

example patent for Invention, patent for Utility Model and patent for Industrial Design). The

follow-up research can make a more detailed division of enterprise innovation according to

Chinese patent classification standards, so as to reflect the differences in quantity and quality

of enterprise innovation. Second, the industries to which the enterprises belong are not

refined. In the future, we can further study the influence of YRD and PRD urban agglomera-

tions on innovation activities of enterprises in different industries, and explore the impact of

urban agglomeration construction for different industries. Third, the establishment of YRD

and PRD urban agglomerations may generate heterogeneous effects on enterprise innovation,

it will be better that the different regional policies and the differences of GRDD results can be

highlighted in the future study. Fourth, there is a lack of investigation on the dynamic effect of

YRD and PRD urban agglomerations. In the future, a variety of causal identification methods

can be used to evaluate the actual effect of the “development” and “capacity expansion” of

urban agglomeration, and explore the radiation effect of YRD and PRD urban agglomeration

on the innovation activities of enterprises outside the boundary of urban agglomerations.
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