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Abstract: Enhancing the quality of urban innovation is a powerful strategy for advancing urban
sustainability. A strong public innovation policy is a crucial building block for advancing urban
innovation quality. This study identifies innovative procurement instances from over 640,000 public
procurement contract data through textual analysis to investigate how urban innovation quality
could benefit from demand-based policy instruments. The study’s findings indicate the following:
(1) It provides evidence that the adoption of public innovation procurement has a significant im-
pact on urban innovation quality, suggesting an inverse U-shaped relationship between the two.
(2) Heterogeneity analysis reveals public innovation procurement stimulates urban innovation qual-
ity more remarkably in cities with provincial status and provincial capitals, as well as in eastern
cities. (3) We discovered that it is not possible to increase the quality of urban innovation in the
city when human capital in the city is performing poorly and when there is also a lack of external
technology and entrepreneurial activity. Finally, this paper argues that our findings also provide
important insights for the development of proactive innovation policy instruments, the construction
of innovative cities, and the realization of sustainable development in countries around the world,
especially in developing countries.
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1. Introduction

In recent years, urban sustainability has gained increased recognition as an important
component of sustainable development. It has begun to receive political and institutional
endorsement on the sustainable development agenda [1,2]. The concept of urban devel-
opment is essentially a process concentrating on all elements of an area that contribute
not only to the creation of a more environmentally friendly city but also to the provision
of social equality and economic growth, which together result in a more sustainable ur-
ban space. Urban innovation is an important antecedent of urban development, which
reflects the levels of innovation and creation activities in cities, and is closely related to
sustainable urban economic development. In terms of the role of the government and
technological innovation, governments can promote science, technology and innovation,
and, thus, sustainable urban development, through the development of public innovation
procurement policies. Quantitatively evaluating the impact of public innovation procure-
ment on urban innovation contributes to a better understanding of urban governance and
sustainable development.

The Chinese government attaches great importance to innovation; promoting sus-
tainable urban development can be achieved by improving the effectiveness of urban
innovation quality and providing policy and financial incentives [3,4] to vigorously fa-
cilitate the construction of an innovative country and the development of an innovative
economy [5], so that innovation becomes the main driving force, and knowledge, technol-
ogy, talent, and digitalization become the key factors of production and economic growth.
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Under such innovation policies, China has become a mainstay of global innovative growth.
In 2019, China surpassed the United States as the top source of international patent ap-
plications filed with the World Intellectual Property Organization, and it stayed ahead
with 68,720 applications in 2020. By 2020, China ranked second in the world in terms
of total R&D expenditure and first in terms of total patent applications. However, The
Global Innovation Index 2020: Who Will Finance Innovation? [6] released by the World
Intellectual Property Organization (WIPO) ranked China 14th in innovation index and
16th in innovation quality, contrasting starkly with its R&D and patent rankings. As re-
ported in The Global Innovation Index 2020, shifting focus from innovation quantity to
innovation quality has become a primary concern of the innovation policy community.
Therefore, investigating the quality of innovation is very important for China’s innovation
development process.

Innovation is a key driver of technology development and economic growth. It pro-
vides a means of satisfying the demands of the current market and the potential needs of
future markets. Innovation is achieved through more effective products, processes, services,
or technologies that are readily available to the current market. There is an increased aware-
ness and recognition among national policy makers about innovation as a key factor in
economic growth [7]. Policy makers look to innovation policy frameworks as an instrument
to promote innovation, and policymakers can adjust innovation policy frameworks to
have an impact on innovation and the economy. Many OECD (Organization for Economic
Cooperation and Development)-member countries have enforced strategies and policies to
enhance innovation and economic development. In general, government innovation sup-
port policies can be classified into supply-side and demand-side instruments [8,9]. In the
past two decades, innovation policy discourses predominantly concentrated on supply-side
tools, such as R&D subsidies [10], R&D tax incentives [11], intellectual property protec-
tions [12], venture capital [13], scientific infrastructure [14], and human capital [15], based
on a simplistic linear model where government input in capital, labor, technology, and
policy directly and automatically catalyzes innovation. Many academics and policymak-
ers have highlighted the limitations of supply-side innovation policies [8,16,17], related
to the crowding-out effects of R&D subsidies [10]. The provision of financial incentives
bears a potential risk of crowding out private innovation expenditure, as firms may be
keen to reallocate their own innovation resources to other uses and substitute them with
public support to innovations [18–20]. In contrast, public procurement as a demand-side
innovation policy has been overlooked or undervalued for years. Increasingly, academia
demonstrates growing interest in public procurement and its deployment in innovation
policy frameworks as a demand-pull, demand-side tool for technological development or
industrial upgrading by procuring innovative products or services [8,21–25]. In developed
nations, policymakers display a growing emphasis on demand-side innovation policies
centering on public procurement [26]. Public procurement has been acknowledged as a
more potent innovation policy tool compared to subsidies [9,27]. The case of the United
States serves as a compelling example, where military defense procurement has played a
pivotal role in shaping the nation’s global scientific and technological leadership. Major
breakthroughs, such as semiconductors, computers, and the Internet, have all benefited
from the support and investments facilitated by defense procurement initiatives. Thus,
investigating public procurement’s impact on urban innovation quality holds tremendous
theoretical and practical significance.

While the recent conceptualization of public procurement as an innovation policy
tool is not new, this study posits that the ongoing discourse exaggerates the role of public
procurement in enhancing innovation while providing limited guidance for innovation
strategies. The literature on public procurement has investigated its connection to innova-
tion [9,23,27,28], yet it predominantly treats public procurement as a unified entity, seldom
distinguishing between innovation-focused procurement and the procurement of standard
products. A notable distinction arises between innovation procurement and standard items
like office supplies (e.g., paper, paper clips) when the government acquires commonplace
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off-the-shelf goods devoid of research and development (R&D) processes and devoid of
associated R&D investments [29]. It is generally assumed a priori that all publicly procured
necessities can impact innovation to varying degrees. However, this body of literature
overlooks the notion that standardized goods and services integral to daily life may hold
little significance in fostering innovation [30]. In a study by Czarnitzki [31] focusing on
Germany, a comparison was made between the innovation impacts of innovation-oriented
and conventional public procurement. The results revealed that solely innovation-oriented
public procurement substantially bolstered firms’ sales of novel products and services. In a
study conducted by Caravella and Crespi [32] involving Italian firms, it was discovered that
standard public procurement contracts had a detrimental influence on firms’ expenditures
in research and development (R&D). These investigations demonstrate that the impacts of
public innovation procurement diverge significantly from those of public standard product
procurement. Conflating the two can result in biased assessments of innovation effects.

Based on these reflections, we conclude that this study makes an important contri-
bution to the literature on public procurement and innovation policy. First, much of the
existing literature examines government procurement as a whole, with little distinction
made between innovative and conventional procurement. Innovative government procure-
ment is significantly different from conventional government procurement, which occurs
when the government buys simple off-the-shelf products that do not involve a research and
development (R&D) process and do not require related R&D investments. The research
establishes an exclusive city-level dataset encompassing public innovation procurement in
China from 2015 to 2020. This is achieved through a textual data mining method employed
to distinguish public innovation procurement from the broader public procurement land-
scape. Secondly, there is no shortage of existing literature that explores the mechanisms
by which government procurement affects firms’ innovation, but less attention has been
paid to urban innovation. The research centers its attention on the influence of public
innovation procurement on the quality of urban innovation in China. This addresses the
gap in the current literature, which predominantly concentrates on micro-level aspects like
firms. Subsequently, this study undertakes a heterogeneity analysis based on the sourcing
city’s characteristics. This analysis distinguishes between cities with provincial status and
provincial capitals and other prefecture-level cities, as well as between eastern cities and
mid-western cities.

We empirically analyze a large sample of 269 Chinese prefecture-level cities in the
time period between 2015 and 2020. We apply two-way fixed-effects regressions to reveal
considerable heterogeneity in the innovation procurement–innovation quality relationship.
We find that an inverted “U”-shaped relationship between urban public innovation pro-
curement and its innovation quality, with public innovation procurement contributing
more strongly to innovation quality in economically developed eastern regions. Through
the study, a better understanding of the relationship between public innovation policy and
urban innovation quality can be attained, and valuable references for innovation policy
formulation in other similar cities can be provided.

The rest of this paper is structured as follows: In Section 2, this paper presents the
conceptual framework and outlines the theoretical assumptions. Section 3 focuses on the
construction of empirical equations and provides a detailed explanation of the data and
analysis methods employed in this study. Section 4 conducts an examination of these
assumptions through the application of econometric techniques. Subsequently, it delves
into a discussion of the empirical results. In Section 5, this paper draws its conclusions.
In Section 6, this paper draws its policy implications. In Section 7, this paper draws its
limitations and future recommendations.

2. Research Hypothesis

Based on the logic of direct and indirect effects, this paper analyses the mechanism
of the impact of innovation procurement on the quality of urban innovation from three
aspects. The research framework is presented in Figure 1.
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Innovation procurement creates or expands the market for the demand for goods or
services and significantly reduces the risk of R&D activities. The development of innovation
activities, to a large extent, needs to rely on government funding [33], particularly crucial
for technological innovation marked by high risk, prolonged cycles, and quasi-public
goods characteristics [34], Public innovation procurement plays a pivotal role by generating
market demand for inventive products and services, concurrently diminishing risks in
the innovation marketplace and uncertainties in R&D [8], thereby fortifying innovative
product R&D efforts. Nonetheless, public innovation procurement may have a “downside”.
Excessive reliance on public innovation procurement can prove detrimental to the innova-
tion endeavors of cities. Overreliance on procurement can foster technological dependency
and local disarray, posing a potential threat to the region’s long-term competitiveness.
Specifically, when innovation procurement overwhelms endogenous innovation activities,
local innovation ecosystems are undermined, as most actors are dominated by public pro-
curement needs and there is less incentive to innovate based on the market or the scientific
frontier. These challenges ultimately ossify existing innovation dynamics and result in
technological lock-in [35]. This suggests the following hypothesis:

Hypothesis 1. Public innovation procurement improves urban innovation quality and has an
inverted “U”-shaped effect.

The quantity of innovative talent within a region directly influences its level of innova-
tion [36]. The intricate nature of innovation procurement products demands a substantial
reservoir of tacit knowledge. To comprehend and assimilate this tacit knowledge, a region
necessitates a highly skilled human capital pool and a cadre of research and development
experts. Innovation procurement enhances the diversity of the talent factors available re-
gionally, thereby creating opportunities for a wider array of talent combinations conducive
to the generation of innovative ideas and tacit knowledge. Furthermore, the agglomeration
effect stemming from local flagship innovation procurement projects, such as large-scale
scientific facilities, heightens the city’s appeal to scientists and leading-edge talents. This
triggers a self-reinforcing cycle of talent concentration driven by cumulative causal ef-
fects. Simultaneously, the externalities arising from talent agglomeration bolster the local
knowledge reservoir. This diminishes losses of information and costs related to knowl-
edge exchange, significantly enhancing the efficiency of knowledge dissemination. Fresh
knowledge is frequently exchanged, acquired, and disseminated through both formal and
informal networks. This dynamic facilitates talent in comprehending market informa-
tion, engendering superior innovations, elevating the likelihood of urban innovation, and
augmenting the quality of urban innovation.

Public innovation procurement can increase urban external technology introduction
while affecting the quality of urban innovation. Scholars focusing on innovation research
have noted that technology mixes from different sources, geographical scales, and hetero-
geneous players seem to favor innovation and regional development [37–40]. Increasingly,
innovation processes need to bring together independent knowledge bases between partici-
pants distributed within and outside the cluster [41]. On the one hand, public innovation
procurement augments the influx of technology external to the city by acquiring innovative
products and critical technologies. This strategic approach mitigates the risks linked to
technological lock-in within the confines of the city, enhances resilience against shocks, and
mitigates crises. On the other hand, the intricate products procured through innovation
processes encompass intricate and arduous-to-replicate knowledge and technologies. These
assets exhibit a heightened spatial “sticky” and hold substantial value and competitive
edge. Consequently, they grant the region the opportunity to tap into a spectrum of diverse
external knowledge absorption, indirect knowledge transfers, and the capacity to compre-
hend and incorporate complexity in future development. This dynamic stands as a pivotal
catalyst for elevating the quality of urban innovation.
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Public innovation procurement fosters entrepreneurial activity within urban areas.
Entrepreneurial activity represents the process through which entrepreneurs optimize
and integrate their accessible resources, aiming to generate heightened economic or so-
cial value through their endeavors. The multifaceted role of entrepreneurial activity in
catalyzing innovation, employment, wealth generation, and urban innovation is unmistak-
able. Typically, public innovation procurement is initiated by government departments,
who articulate their demand for innovative solutions. This process involves subsequent
phases such as bidding, negotiation, and consultation, culminating in the establishment
of a formal agreement or contract with a competitive supplier for production [8]. Public
innovation procurement caters to entrepreneurs’ information access requirements. Pub-
lic innovation procurement serves as a convenient platform for information exchange, a
crucial component for seizing business opportunities prior to decision-making, and for
facilitating information sharing throughout the entrepreneurial process. The development
of public innovation procurement provides a source of information and an information
base for decision-making in entrepreneurial activities. Furthermore, public innovation
procurement frequently functions as an administrative tool to promote the diffusion of new
technologies and products, leading to the emergence and success of new industries. For
example, in the field of energy conservation and environmental protection, the government
has formulated policies such as preferential procurement and mandatory procurement in
projects supported by financial funds, which help to support the development of new en-
ergy, environmental protection, and other related emerging industries [42] and promote the
establishment of new enterprises and the entry of new industries, which in turn stimulate
the enthusiasm of urban innovation. Hence, this paper proposes the following hypothesis:

Hypothesis 2. Public innovation procurement enhances urban innovation quality through channels
such as pooling human capital, increasing external technology introduction, and entrepreneurial activity.
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Figure 1. Research framework.

3. Methodology and Data
3.1. Methodology

To test the impact of public innovation procurement on urban innovation quality, draw-
ing on previous studies [43–46], the following two-way fixed effects model was constructed:

UIQit = α0 + α1PIPit +φControlsit + Yeart + δi + ηit (1)

where the subscript i signifies the city, and t stands for the year in the research period
(2015–2020). UIQit is the urban innovation quality. PIPit is public innovation procurement.
Controlsit is the other control variables, and ηit are added to take the deviations into account.
In addition, this paper controls for the year (Yeart) and city (δi) fixed effects, respectively.

3.2. Variables
3.2.1. Explained Variables

Urban innovation quality is the dependent variable in this study. The previous lit-
erature often measures innovation levels from the perspectives of innovation input and
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output. However, innovation activities involve a certain degree of uncertainty and risk, and
innovation input does not necessarily lead to output. Moreover, due to imperfections in
China’s accounting system, issues such as overreporting of corporate R&D and innovation
investments exist, making it difficult to measure a city’s true level of innovation using
input indicators. Patents, as the most direct output of urban innovation activities, are one
of the most widely used indicators in current innovation research. Measuring innovation
through patents has two major advantages: first, patent data are publicly available and ob-
jective, with a lower possibility of manipulation; second, patent information is updated in a
timely manner, accurately reflecting changes in urban innovation trends [47,48]. Therefore,
the number of patents is widely used as a proxy indicator for the level of urban innova-
tion. However, simply relying on patent counts cannot effectively capture the differences
between technological importance and innovation significance. Due to the existence of
“strategic innovation” (utility model and design patents are not suitable to promote genuine
technological progress and are often recognized as strategic innovation) and “innovation
bubbles” (generally referring to low-quality innovation output, which is speculative be-
havior for the sake of innovation and often appears in the form of “patent bubbles”), the
number of patents does not represent a city’s true level of innovation. Therefore, this paper
chooses the number of times patents are cited (Citation) and technological complexity
(Complexity) to measure the urban innovation quality.

The number of times a patent has been cited (Citation). This is the number of times this
patent has been cited by other patents. The number of times a patent is cited is a reflection
of the impact and economic value of the patent and is the most common indicator of patent
quality [49,50].

Technological complexity (Complexity). This is the quality of technological innovation;
the greater a place’s ability to create complex technology, the more it can specialize in
complex products [51,52]. A patent with high complexity is a metaphor for the more
demanding conditions and advanced technology needed to produce it, and a city that
contains many complex technologies will be less likely to be copied and produced by many
regions, but this tends to be confined to certain cities that have unique specialization with
a unique capacity for innovation. This study first uses the Chinese invention-awarded
patent dataset to construct a technology dichotomous network of Chinese cities(Mc,i), i.e., a
0–1 matrix with city–technology–field ranks, where each row represents the technology
category owned by a city, and each column represents a list of cities that own that technology
field. This study then draws on Balassa’s ‘revealed comparative advantage’ (RCA) [53] to
compute the comparative advantage of Chinese cities c in the technology domain i. We
refer to the fixed threshold adopted by most studies [54,55], i.e., if the RCA is greater than
or equal to 1, the technology category is included in the urban technology pool, and 0
otherwise. The formula for RCA is as follows.

RCAc,i =
patentsc,i/∑i patentsc,i

∑c patentsc,i/∑c ∑i patentsc,i
(2)

where RCAc,i represents the ratio of the number of patents of city c in patent category i to
the number of all patents in the field to the number of all patents in the country or region
to the number of all patents in the country. The larger the RCA, the more obvious the
advantage in the field.

The generalized economic complexity index (GENEPY) [56] was used to calculate
the technical complexity based on the constructed RCAc,i. Firstly, the similarity of the
technology pool between cities is calculated by measuring the two largest eigenvalues 1
and 2 of the similarity matrix Ni,i* and the corresponding eigenvectors i,1 and i,2, whereby
the undirected graph of Mc,i is transformed into a symmetric weighted directed graph
between the cities, and the formula for the technology complexity is given as:

GENEPYi =
(
∑2

C=1 λCX2
c,i

)2
+ 2∑2

c=1 λ
2
cX2

c,i (3)
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The similarity matrix formula is as follows:

Ni,t∗ = ∑c Wc,iWc,i∗ = ∑i
Mc,iMc,i∗
kiki∗k

′2
c

if i ̸= i∗

Ni,t∗ =0 if i = i∗
(4)

where ki denotes the degree centrality of the city, i.e.,

ki = ∑c Mc,i (5)

3.2.2. Explanatory Variables

Public innovation procurement (PIP). This variable is measured by the total amount of
public innovation procurement.

3.2.3. Control Variables

To provide a comprehensive analysis of the influence of urban public innovation procure-
ment on urban innovation quality, it is essential to incorporate control variables [3,4,7,47,57]
that could affect the development of urban innovation quality. These include the following:
The stage of development of the city, which affects the quality of urban innovation; the level
of development of the local economy, which increases and promotes the transformation of
the industrial structure towards knowledge, technology, and human capital to create the
necessary conditions for the development of innovation in the region; the introduction of
the logarithm of the GDP per capita (InGDP) indicator to indicate the level of the economy;
the ratio of the secondary and tertiary industries to the GDP of the region to indicate the
industrial structure (Industrial); and the logarithm of the wages of workers per capita
(InWage) to indicate the level of wages. Additionally, the logarithm of the total amount
of imported and exported goods (InOpen) is used to indicate the level of openness to
the outside world; the ratio of the balance of deposits and loans of the institutions to the
regional GDP is used to indicate the level of financial development (Finance); the logarithm
of the R&D input of the city (InR&D) is chosen to characterize the investment in innovation;
and the logarithm of the local government’s financial expenditure on education is used to
indicate the government’s support for education (InEducation). The meanings represented
by the independent variables are shown in Table 1. Descriptive statistics can be found in
Table 2, and Table 3 displays correlation results for all variables.

Table 1. The description summary of variables.

Variables Abbreviation Definition

Number of technological citations Citation Number of citations of city patents by other patents
Technological complexity Complexity The technological complexity of urban patents

public innovation procurement PIP Total urban public innovation procurement
Level of economic development InPGDP Log of urban GDP per capita

industrial structure Industrial The ratio of urban secondary and tertiary industries to GDP
Wages per capita InWage Log of urban per capita employee wages

openness level InOpen log of total urban exports and imports of goods
Level of financial development Finance The ratio of deposit and loan balances of urban banks to regional GDP

Urban R&D inputs InR&D Log of urban R&D inputs
Government educational support InEducation Log of government fiscal expenditure on education

3.3. Data Source

To identify public innovation procurement and evaluate its effects on urban innovation
quality, this study utilizes two datasets: one comprising public procurement data from
the China Government Procurement Network (CGPN) which publishes all government
contracts. These contracts contain details such as title, signing date, amount, supplier,
purchaser, and region. As the government-mandated procurement information disclosure
since 2015, enabling access to detailed contract data, this study focuses on contracts from
2015 to 2020 for empirical analysis.
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Table 2. Descriptive statistics.

Variables Observations Minimum Maximum Mean SD

Citation 1614 0 58,977 1478 4272
Complexity 1614 0.0000109 2.995 0.0624 0.174

PIP 1614 0 2,499,000 21,781 122,287
PGDP 1614 10,987 215,488 59,741 33,591

Industrial 1614 51.30 99.96 88.62 7.339
Wage 1614 4958 185,026 68,654 17,707
Open 1614 26 349,000,000 11,100,000 37,500,000

Finance 1614 0.434 7.203 1.576 0.677
R&D 1614 3 25,700,000 682,762 1,812,000

Education 1614 35,925 11,400,000 877,196 1,079,000

Table 3. Correlation matrix.

Variables Citation Complexity PIP PGDP Industrial Wage Open Finance R&D Education

Citation 1
Complexity 0.847 *** 1

PIP 0.692 *** 0.626 *** 1
PGDP 0.536 *** 0.492 *** 0.246 *** 1

Industrial 0.362 *** 0.337 *** 0.174 *** 0.667 *** 1
Wage 0.542 *** 0.527 *** 0.446 *** 0.604 *** 0.402 *** 1
Open 0.821 *** 0.728 *** 0.559 *** 0.515 *** 0.333 *** 0.481 *** 1

Finance 0.443 *** 0.411 *** 0.402 *** 0.120 *** 0.187 *** 0.400 *** 0.363 *** 1
R&D 0.868 *** 0.808 *** 0.722 *** 0.496 *** 0.363 *** 0.503 *** 0.843 *** 0.394 *** 1

Education 0.860 *** 0.779 *** 0.699 *** 0.451 *** 0.324 *** 0.553 *** 0.813 *** 0.371 *** 0.844 *** 1

*** p < 0.001.

Based on the literature, conflating standard and innovative procurement when exam-
ining public innovation procurement’s impact can invariably engender estimation bias.
This study defines public innovation procurement in China as government procurement of
innovative products and services at all levels, identifying instances through text analysis.
This study compiled “the Guidance Catalogue for Indigenous Innovation of Major Tech-
nical Equipment (2012)” and “the Classification of Strategic Emerging Industries (2018)”
issued by the Chinese central government, as well as innovative product catalogs issued
by provinces. Jieba, the highest-precision Chinese text segmentation module in Python,
facilitated the processing and manual screening of the compiled catalogs. The outcome
was an innovation keyword database containing over 3000 terms such as “intelligence”,
“new energy vehicle”, “software”, “database”, “geological exploration”, “robot”, etc. Then,
over 640,000 public procurement contracts from 2015 to 2020 were matched against the
keyword database for contract title, subject matter, and specifications. Contracts were
matched based on “contract name”, “main subject matter name”, and “specification model
or service requirements”. Contracts containing innovation keywords were identified as
public innovation procurement. The cities undertaking public innovation procurement
were then extracted using Python programming by aggregating contract addresses to
prefecture-level cities and retrieving geocoordinates via Google Maps API.

The second dataset containing the socio-economic data of Chinese prefecture-level
cities is from the China City Statistical Yearbook, the China Regional Economic Statistical
Yearbook, and the CSMAR database. Any missing data were supplemented using statistical
yearbooks and bulletins.

This study utilizes prefecture-level cities as the unit of analysis. To mitigate missing
data issues for certain cities and resultant biases, the sample was restricted to 269 cities.
It is worth noting that Hong Kong, Macao, and cities in Taiwan were excluded from the
study region.
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4. Empirical Results
4.1. Regression Results and Analysis

Table 4 presents the baseline results. The first three columns depict regression out-
comes where the dependent variable is the count of patent citations, while the last three
columns present results with technological complexity as the dependent variable. Specif-
ically, column (1) excludes control variables, and column (2) incorporates them while
controlling for year and city fixed effects. Notably, the coefficient for public innovation
procurement is significantly positive at the 1 percent level, irrespective of the inclusion
of control variables. Furthermore, the regression findings in columns (4) and (5) utilizing
technological complexity as an explanatory factor align with those based on patent cita-
tion counts. This implies that public innovation procurement exerts a substantial positive
influence on innovation quality in urban areas, encompassing both patent citations and
technological complexity. Our results broadly suggest that, in terms of the top-level design
of national innovation policy systems, there is a need to further strengthen the implementa-
tion of public innovation procurement policies by focusing more on the role of demand-side
support policies. Hypothesis 1 posits an inverted “U”-shaped relationship between a city’s
public innovation procurement and its innovation quality. In columns (3) and (6), the posi-
tive sign on the linear term and the negative sign on the quadratic term provide statistical
support for this hypothesis, that is, the higher the scale of innovation procurement in
a city, the more favorable it is for the quality of innovation in the city. However, once
the scale of innovation procurement within a city increases to a critical point, the conse-
quences of diminishing returns seem to dominate as the city’s innovation offerings become
more redundant.

Table 4. Estimated results.

Variables
(1) (2) (3) (4) (5) (6)

Citation Citation Citation Complexity Complexity Complexity

PIP
0.0276 *** 0.0273 *** 0.0169 ** 0.0047 *** 0.0046 *** 0.0096 **

(6.91) (6.70) (2.30) (4.05) (4.02) (2.06)

PIP2 −0.0042 * −0.0004 *
(1.76) (1.73)

Control NO Yes Yes NO Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes
City fixed effect Yes Yes Yes Yes Yes Yes

Observations 1614 1614 1614 1614 1614 1614
R2 0.3536 0.3665 0.3665 0.152 0.166 0.3662

Robust t-statistics in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001.

Various forms of public innovation procurement generate Marshallian externalities
characterized by innovation factor agglomeration, which in turn influence urban innovation.
Thus, a potential interrelationship exists between public innovation procurement and urban
innovation. To mitigate endogeneity concerns and evaluate this paper’s results, we employ
the relief degree of land surface (IV) for each city as an instrumental variable.

Since the relief degree of the land surface is a non-time-varying variable, we address
the need for temporal and city-specific dynamics in the instrumental variable by incorpo-
rating the count of public innovation procurement contracts in the previous year at the
survey’s time point. Furthermore, the relief degree of the land surface is an exogenous
variable capturing the unique characteristics of each city beyond the economic domain.
The degree of topographic relief, indicative of a city’s flatness, holds significant sway
over the placement of educational institutions, research centers, and high-tech enterprises.
Consequently, a flatter topography often correlates with a more innovative ecosystem,
thereby amplifying the demand for innovation procurement within the city. Therefore,
the interaction term (IV) between the relief degree of the land surface in each city and
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the number of public innovation procurement contracts in the previous year satisfies the
“exogeneity” and “correlation” conditions.

The regression results are displayed in columns (1) and (3) of Table 5. The results
show that there is no problem of under-identification of instrumental variables and weak
instrumental variables identification and that the instrumental variables are valid. The
coefficient on public innovation procurement is significantly positive, in full agreement
with the previous results. Considering that the IV may not be strictly exogenous, this paper
further tests the robustness of the instrumental variables in this paper by adopting the
“plausibly exogenous” instrumental variables method [58], which relaxes the strict exo-
geneity requirement of the instrumental variables. Columns (2) and (4) of Table 5 report the
95% robust confidence intervals for the coefficients of the endogenous variables under the
UCI approach. The coefficients on public innovation procurement in columns (1) and (3),
respectively, are within the above robust confidence intervals, suggesting that the conclu-
sions drawn from the instrumental variables approach remain robust even if they are not
strictly exogenous, thus supporting the theoretical logic of the paper.

Table 5. Endogeneity problem-solving.

Variables

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

Citation Citation Complexity Complexity

IV UCI—95%
Confidence Interval IV UCI—95%

Confidence Interval

PIP
0.0654 ***

[−1.8112, 1.8647]
0.0039 ***

[−18.3803, 18.3803](7.72) (3.29)
Control Yes Yes Yes Yes

Year fixed effect Yes Yes Yes Yes
City fixed effect Yes Yes Yes Yes

Kleibergen–Paap rk LM 13.113 ***
1614

11.357 ***
1614Kleibergen–Paap rk

Wald F 22.570 *** 26.112 ***

Observations 1614 1614

Robust t-statistics in parentheses. *** p < 0.001.

4.2. Mechanism Test

The preceding analysis elucidates the causal relationship between public innovation
procurement and urban innovation quality. However, the underlying mechanism warrants
deeper investigation. In this section, we examine human capital, external technology
introduction, and entrepreneurial activity as potential channels.

To investigate whether human capital is a channel through which public innovation
procurement affects urban innovation quality, this paper uses the share of the total number
of employees in scientific research, technical services, and computers to the total number of
employees in the city as a measure of human capital and runs a regression. The findings
in column (1) of Table 6 indicate that public innovation procurement promotes the clus-
tering of human capital. Theoretically, the government’s reliance on flagship innovation
procurement projects can increase the attractiveness of cities to scientists and cutting-edge
talents and provide talent security for urban innovation. Therefore, the impact of public
innovation procurement on human capital is confirmed.

To verify whether external technology introduction is a channel through which public
innovation procurement affects urban innovation quality, this paper uses the number of
urban external patent rights introductions to measure external technology introduction
and conducts regression analyses. The results in column (2) of Table 6 indicate that public
innovation procurement increases the size of the city’s external technology introduction.
Numerous empirical studies have substantiated the influence of introducing external
technology on local innovation [35]. The theory of latecomer advantage suggests that, in
this way, latecomer countries can take advantage of technological spillovers and diffusion
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from developed countries to improve their local technological capabilities. On the one
hand, locals can introduce and learn new technologies from other countries to accelerate
urban development and renewal. On the other hand, introduced technologies can be used
to innovate to catch up quickly with current technologies.

This paper believes that in addition to human capital and external technology in-
troduction, entrepreneurial activity is also an important channel. This paper uses the
number of new start-ups in the city in the current year to measure entrepreneurial activ-
ity and conducts regression analyses. Theoretically, public innovation procurement can
stimulate urban innovation quality by boosting entrepreneurial activity. Public innovation
procurement can cultivate more entrepreneurial opportunities by influencing market size,
knowledge spillovers, and factor combinations, as well as enriching entrepreneurial re-
sources by accelerating the interaction of information and the dissemination of ideas, thus
promoting entrepreneurial activity in the city, which in turn will lead to the enhancement
of urban innovation quality.

Table 6. Mechanism test.

Variables
(1) (2) (3)

Human Capital External Technology Introduction Entrepreneurial Activity

PIP
0.0186 *** 0.0042 *** 0.0305 **

(5.67) (3.53) (2.40)
Control NO Yes Yes

Year fixed effect Yes Yes Yes
City fixed effect Yes Yes Yes

Observations 1614 1614 1614
R2 0.8624 0.6412 0.4651

Robust t-statistics in parentheses. ** p < 0.01, *** p < 0.001.

4.3. Heterogeneity Test

Due to the imbalance of regional development in China, i.e., significant differences in
policy context, resources, and environment among Chinese cities, these influencing factors
are the necessary basis for influencing the quality of urban innovation. Therefore, this study
further considers city-region factors and analyzes the impact of innovation sourcing on
urban innovation quality. This paper divided the whole sample into two parts four regions
(cities with provincial status and provincial capitals vs. other prefecture-level cities, eastern
cities vs. mid-western cities), and ran regressions using the methodology described above.
The results of the regional heterogeneity estimation are shown in Table 7.

For cities with provincial status and provincial capitals, indeed, the estimated co-
efficients are positive and significant, suggesting that public innovation procurement
contributes significantly to the quality of urban innovation. However, the estimated coeffi-
cients for the other cities are not significant, suggesting that public innovation procurement
does not have a significant impact on the quality of urban innovation. The main reason for
this is that cities with provincial status and provincial capitals are usually the agglomeration
of factors and business centers within each province due to their higher administrative
level. As a result, they have better platforms for talent and technology transfer than other
prefecture-level cities. The higher administrative level, more solid support, and resource ad-
vantages enable innovation procurement to exert an innovation quality enhancement effect.
Therefore, differentiated policies are crucial for cities at different levels. Government depart-
ments can optimize the spatial pattern of the urban economy and environment by allocating
innovation procurement resources through scientific and rational administrative means.

The estimation results show that, based on city location, the estimated coefficients are
all significantly positive at the 1 percent level for cities in the east, but not for cities in the
central and western parts of the country. The reason for this may be that being in the east is
conducive not only to benefiting from the locational advantage of importing innovative
products but also to fostering a huge consumer demand for innovative products, which is
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crucial for expanding innovation sourcing. To some extent, this finding is understandable,
given the cities in eastern China are much more developed and have attracted more
advanced high-tech firms such as Alibaba, Huawei, and Tencent, so they have the advantage
and ability to absorb technology spillovers from innovation sourcing.

Table 7. Heterogeneous results.

Variables

(1) (2) (3) (4) (5) (6) (7) (8)

Municipalities and Provincial Capitals Other Prefecture-Level Cities Eastern Cities Mid-Western Cities

Citation Complexity Citation Complexity Citation Complexity Citation Complexity

PIP
0.0897 *** 0.0323 *** 0.0571 0.0087 0.0613 *** 0.0231 ** 0.0148 0.0025

(8.91) (4.80) (1.10) (1.25) (7.02) (2.01) (1.40) (1.05)
Year fixed effect Yes Yes Yes Yes Yes Yes Yes Yes
City fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

Observations 192 192 1422 1422 594 594 1020 1020
R2 0.8654 0.7524 0.7383 0.7057 0.9238 0.8241 0.8019 0.7298

Robust t-statistics in parentheses. ** p < 0.01, *** p < 0.001.

4.4. Robustness Checks

This paper conducted robustness tests to see if the results remained stable under
different conditions. This study mainly considered the following conditions.

Firstly, it is worth noting that the influence of public innovation procurement on urban
innovation quality might not manifest immediately; rather, it could exhibit a lagged effect.
Consequently, this study introduced a one-year lag in public innovation procurement as
the principal explanatory variable for reevaluation purposes. The findings indicate that
the lagged public innovation procurement term remains positively associated with urban
innovation quality, signifying the persistence and stability of its impact. Consequently, this
reinforces the credibility of the initial conclusions.

Secondly, the original independent variables are replaced with the number of inno-
vation procurement contracts for robustness testing. Table 8 demonstrates that even with
this alteration in measurement, the impact of public innovation procurement on urban
innovation quality remains distinctly positive. This underscores the robustness of the
original conclusion despite the change in measurement methodology.

Table 8. Robustness checks.

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

1-Year Lag Public Innovation Procurement Contract Excluding the 2020 Sample Excluding Cities with Provincial Status

PIP
0.0704 *** 0.0317 *** 0.0327 0.0514

(7.82) (4.10) (0.09) (0.01)
Year fixed effect Yes Yes Yes Yes
City fixed effect Yes Yes Yes Yes

Observations 1614 1614 1345 1590
R2 0.9158 0.7529 0.7489 0.8854

Robust t-statistics in parentheses. *** p < 0.001.

Thirdly, to mitigate the influence of particular years, this study adjusted the timeframe
to exclude data from the year 2020 in the regression analysis. The findings indicate that
this adjustment in the sample year does not impact the original results.

Fourth, it is noteworthy that in China, the administrative rank of a city correlates with
resource allocation, wherein cities holding provincial status, signifying higher political
standing, enjoy an advantage in the allocation of innovation resources. This could poten-
tially pose a challenge to the robustness of the results. Consequently, this study conducted
a reassessment by excluding a sample of four cities with provincial status. The robustness
test outcomes consistently affirm the reliability of the regression findings.

5. Conclusions

In the current context of rapid urbanization, urban innovation has become a key
driver of economic growth and sustainable development. Globally, public innovation
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procurement serves as a vital innovation policy instrument. With China in a critical
phase of innovation catch-up and high-quality growth transition, public procurement,
especially innovation procurement, and incentive effects on urban innovation remain
unclear, warranting investigation to inform national innovation-driven development.

Concerning our results, we highly support that public innovation procurement en-
hances urban innovation quality. This is in tandem with the findings of many authors [35,42],
suggesting an inverted U-shaped relationship between the two, a conclusion robust to
tests addressing endogeneity, variable substitution, and sample size changes. The effec-
tiveness of public innovation procurement primarily functions by accumulating human
capital, expanding external technology introduction, and boosting entrepreneurial activity.
Regarding our findings, we highly support that there is strong heterogeneity in the impact
of public innovation procurement on urban innovation quality. Public innovation pro-
curement in China enhances the quality of innovation more significantly for economically
advanced eastern cities and for cities with provincial status and provincial capitals. Such
an understanding also guides the formulation of targeted policies and measures to foster
urban innovation quality. Ultimately, it helps cities narrow development gaps and propel
sustainable socioeconomic progress.

6. Policy Implications

From a policy implication angle, we can propose the following: Firstly, according
to the study, China should robustly implement public innovation procurement policies,
strategically deploy procurement tools, and further leverage procurement to bolster re-
gional innovation. Specifically, China should align procurement with local needs, pursue
diversified and sustained procurement policies, identify priority areas and industries, and
increase support for high-tech, emerging industry, and technology-based SMEs. Secondly,
considering the heterogeneity analysis, public innovation procurement should be heteroge-
neous. Procurement policies should judiciously shift their focus towards non-provincial
capital cities. This entails enhancing the innovation milieu within these cities, capitalizing
on the external benefits emanating from innovation procurement policies, and elevating the
innovation quotient within these urban centers. Furthermore, this policy could be extended
to encompass cities situated in the central and western regions. This extension necessitates
the judicious allocation of financial resources in favor of these central and western cities,
while simultaneously harnessing the latent innovation capabilities harbored by these ur-
ban locales. Thirdly, from the analysis of the innovation procurement mechanism, in the
process of public innovation procurement practice, not only should we take into account
the conditions of suppliers, market environment, overall R&D level, and financial market
environment but also pay more attention to optimizing the urban innovation environment,
attracting talents, increasing the scale of external technology introduction scale, cultivating
more entrepreneurial opportunities, enhancing entrepreneurial activity, and improving
urban innovation quality.

7. Limitations and Future Recommendations

This paper exhibits certain limitations. For instance, it proved challenging to capture
the micro-level mechanisms within innovation sourcing that exert influence on innovation
quality, primarily due to the intricate measurement of variables such as innovation quality
and innovation sourcing at the industry or firm level. As a future research, further studies
could be based on quantile regression but focus on different variables or datasets, employing
microdata analysis. These limitations will steer the course of our future research endeavors.

Author Contributions: Conceptualization, W.M. and Y.Z.; methodology, W.M.; software, W.M.;
validation, W.M. and Y.Z.; formal analysis, W.M.; data curation, W.M.; writing—original draft
preparation, W.M.; writing—review and editing, W.M. and Y.Z.; supervision, Y.Z.; project adminis-
tration, Y.Z.; funding acquisition, Y.Z. All authors have read and agreed to the published version of
the manuscript.



Sustainability 2024, 16, 2768 14 of 16

Funding: This research was funded by the National Natural Science Foundation of China, grant
number 42361050.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: This study used China Urban Statistics Yearbook. The statistics can be
found here: http://www.stats.gov.cn (accessed on 1 December 2023).

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Manioudis, M.; Meramveliotakis, G. Broad strokes towards a grand theory in the analysis of sustainable development: A return

to the classical political economy. New Political Econ. 2022, 27, 866–878. [CrossRef]
2. Tomislav, K. The concept of sustainable development: From its beginning to the contemporary issues. Zagreb. Int. Rev. Econ. 2018,

21, 67–94.
3. Wang, J.; Deng, K. Impact and mechanism analysis of smart city policy on urban innovation: Evidence from China. Econ. Anal.

Policy 2022, 73, 574–587. [CrossRef]
4. Zhao, X.; Xu, Y.; Vasa, L.; Shahzad, U. Entrepreneurial ecosystem and urban innovation: Contextual findings in the lens of

sustainable development from China. Technol. Forecast. Soc. 2023, 191, 122526. [CrossRef]
5. Sun, Z. Technology innovation and entrepreneurial state: The development of China’s high-speed rail industry. Technol. Anal.

Strateg. 2015, 27, 646–659. [CrossRef]
6. Cornell University; INSEAD; WIPO. The Global Innovation Index 2020: Who Will Finance Innovation? Cornell University: Ithaca, NY,

USA; INSEAD: Fontainebleau, France; WIPO: Geneva, Switzerland, 2020.
7. Feng, W.; Li, J. International technology spillovers and innovation quality: Evidence from China. Econ. Anal. Policy 2021,

72, 289–308. [CrossRef]
8. Edler, J.; Georghiou, L. Public procurement and innovation—Resurrecting the demand side. Res. Policy 2007, 36, 949–963.

[CrossRef]
9. Guerzoni, M.; Raiteri, E. Demand-side vs. supply-side technology policies: Hidden treatment and new empirical evidence on the

policy mix. Res. Policy 2015, 44, 726–747. [CrossRef]
10. Almus, M.; Czarnitzki, D. The effects of public R&D subsidies on firms’ innovation activities: The case of Eastern Germany. J. Bus.

Econ. Stat. 2003, 21, 226–236.
11. Cappelen, Å.; Raknerud, A.; Rybalka, M. The effects of R&D tax credits on patenting and innovations. Res. Policy 2012,

41, 334–345.
12. Borrás, S.; Edquist, C. The choice of innovation policy instruments. Technol. Forecast. Soc. 2013, 80, 1513–1522. [CrossRef]
13. Florida, R.; Smith, D.F., Jr. Venture capital, innovation, and economic development. Econ. Dev. Q. 1990, 4, 345–360. [CrossRef]
14. Blind, K.; Grupp, H. Interdependencies between the science and technology infrastructure and innovation activities in German

regions: Empirical findings and policy consequences. Res. Policy 1999, 28, 451–468. [CrossRef]
15. Lenihan, H.; McGuirk, H.; Murphy, K.R. Driving innovation: Public policy and human capital. Res. Policy 2019, 48, 103791.

[CrossRef]
16. Rothwell, R.O.Y.; Zegveld, W. An assessment of government innovation policies. Rev. Policy Res. 1984, 3, 436–444. [CrossRef]
17. Geroski, P.A. Innovation, technological opportunity, and market structure. Oxford Econ. Pap. 1990, 42, 586–602. [CrossRef]
18. Mazzucato, M. The Entrepreneurial State: Debunking Public vs. Private Sector Myths; Anthem Press: London, UK, 2013.
19. Grennan, M.; Town, R.J. Regulating Innovation with Uncertain Quality: Information, Risk, and Access in Medical Devices. Am.

Econ. Rev. 2020, 110, 120–161. [CrossRef]
20. Bloom, N.; Van Reenen, J.; Williams, H. A toolkit of policies to promote innovation. J. Econ. Perspect. 2019, 33, 163–184. [CrossRef]
21. Hommen, L.; Rolfstam, M. Public procurement and innovation: Towards a taxonomy. J. Public Procur. 2008, 8, 17–56. [CrossRef]
22. Uyarra, E.; Flanagan, K. Understanding the innovation impacts of public procurement. Eur. Plan. Stud. 2010, 18, 123–143.

[CrossRef]
23. Georghiou, L.; Edler, J.; Uyarra, E.; Yeow, J. Policy instruments for public procurement of innovation: Choice, design and

assessment. Technol. Forecast. Soc. 2014, 86, 1–12. [CrossRef]
24. Edquist, C.; Zabala-Iturriagagoitia, J.M. Pre-commercial procurement: A demand or supply policy instrument in relation to

innovation? R&D Manag. 2015, 45, 147–160.
25. Obwegeser, N.; Müller, S.D. Innovation and public procurement: Terminology, concepts, and applications. Technovation 2018,

74, 1–17. [CrossRef]
26. Dai, X.; Li, Y.; Chen, K. Direct demand-pull and indirect certification effects of public procurement for innovation. Technovation

2021, 101, 102198. [CrossRef]

http://www.stats.gov.cn
https://doi.org/10.1080/13563467.2022.2038114
https://doi.org/10.1016/j.eap.2021.12.006
https://doi.org/10.1016/j.techfore.2023.122526
https://doi.org/10.1080/09537325.2015.1034267
https://doi.org/10.1016/j.eap.2021.09.003
https://doi.org/10.1016/j.respol.2007.03.003
https://doi.org/10.1016/j.respol.2014.10.009
https://doi.org/10.1016/j.techfore.2013.03.002
https://doi.org/10.1177/089124249000400405
https://doi.org/10.1016/S0048-7333(99)00007-4
https://doi.org/10.1016/j.respol.2019.04.015
https://doi.org/10.1111/j.1541-1338.1984.tb00138.x
https://doi.org/10.1093/oxfordjournals.oep.a041965
https://doi.org/10.1257/aer.20180946
https://doi.org/10.1257/jep.33.3.163
https://doi.org/10.1108/JOPP-08-03-2008-B001
https://doi.org/10.1080/09654310903343567
https://doi.org/10.1016/j.techfore.2013.09.018
https://doi.org/10.1016/j.technovation.2018.02.015
https://doi.org/10.1016/j.technovation.2020.102198


Sustainability 2024, 16, 2768 15 of 16

27. Aschhoff, B.; Sofka, W. Innovation on demand—Can public procurement drive market success of innovations? Res. Policy 2009,
38, 1235–1247. [CrossRef]

28. Raiteri, E. A time to nourish? Evaluating the impact of public procurement on technological generality through patent data. Res.
Policy 2018, 47, 936–952. [CrossRef]

29. Edquist, C.; Hommen, L. Public Technology Procurement and Innovation Theory; Springer: Boston, MA, USA, 2000.
30. Slavtchev, V.; Wiederhold, S. Does the technological content of government demand matter for private R&D? Evidence from US

states. Am. Econ. J.-Macroecon. 2016, 8, 45–84.
31. Czarnitzki, D.; Hünermund, P.; Moshgbar, N. Public procurement of innovation: Evidence from a German legislative reform. Int.

J. Ind. Organ. 2020, 71, 102620. [CrossRef]
32. Caravella, S.; Crespi, F. The role of public procurement as innovation lever: Evidence from Italian manufacturing firms. Econ.

Innov. New Technol. 2021, 30, 663–684. [CrossRef]
33. Guan, J.C.; Yam, R.C.M. Effects of government financial incentives on firms’ innovation performance in China: Evidences from

Beijing in the 1990s. Res. Policy 2015, 44, 273–282. [CrossRef]
34. Hauknes, J.; Nordgren, L. Economic Rationales of Government Involvement in Innovation and the Supply of Innovation-Related Services;

STEP Group: Oslo, Norway, 1999.
35. Bathelt, H.; Malmberg, A.; Maskell, P. Clusters and knowledge: Local buzz, global public innovation procurementelines and the

process of knowledge creation. Prog. Hum. Geog. 2004, 28, 31–56. [CrossRef]
36. Lucas, R.E., Jr. On the mechanics of economic development. J. Monet. Econ. 1988, 22, 3–42. [CrossRef]
37. Asheim, B.T.; Boschma, R.; Cooke, P. Constructing regional advantage: Platform policies based on related variety and differenti-

ated knowledge bases. Reg. Stud. 2011, 45, 893–904. [CrossRef]
38. Halkier, H. Knowledge dynamics and policies for regional development: Towards a new governance paradigm. Eur. Plan. Stud.

2012, 20, 1767–1784. [CrossRef]
39. Martin, R.; Moodysson, J. Comparing knowledge bases: On the geography and organization of knowledge sourcing in the

regional innovation system of Scania, Sweden. Eur. Urban. Reg. Stud. 2013, 20, 170–187. [CrossRef]
40. Jeannerat, H.; Crevoisier, O. From ‘territorial innovation models’ to ‘territorial knowledge dynamics’: On the learning value of a

new concept in regional studies. Reg. Stud. 2016, 50, 185–188. [CrossRef]
41. Manniche, J.; Moodysson, J.; Testa, S. Combinatorial knowledge bases: An integrative and dynamic approach to innovation

studies. Econ. Geogr. 2017, 93, 480–499. [CrossRef]
42. Li, Y.; Georghiou, L.; Rigby, J. Public procurement for innovation elements in the Chinese new energy vehicles program. In Public

Procurement for Innovation; Edward Elgar: Cheltenham, UK, 2015; pp. 179–208.
43. Yue, J.; Duan, H. The Influence of New Energy Industry Agglomeration on Regional Green Innovation Performance—Evidence

from China. Sustainability 2024, 16, 2029. [CrossRef]
44. Zhang, J.; Sun, T. The Impact of Digital Finance on the Green Utilization Efficiency of Urban Land: Evidence from 281 Cities in

China. Sustainability 2024, 16, 2003. [CrossRef]
45. Tzeremes, P. The Asymmetric Effects of Regional House Prices in the UK: New Evidence from Panel Quantile Regression

Framework. Stud. Microecon. 2022, 10, 7–22. [CrossRef]
46. Chowdhury, S.R.; Gupta, K.; Tzeremes, P. US housing prices and the transmission mechanism of connectedness. Financ. Res. Lett.

2023, 58, 104636. [CrossRef]
47. Caragliu, A.; Del Bo, C.F. Smart innovative cities: The impact of Smart City policies on urban innovation. Technol. Forecast. Soc.

2019, 142, 373–383. [CrossRef]
48. Faria, A.P.; Barbosa, N.; Bastos, J. Portuguese regional innovation systems efficiency in the European Union context. Eur. Plan.

Stud. 2020, 28, 1599–1618. [CrossRef]
49. Hall, B.H.; Jaffe, A.B.; Trajtenberg, M. The NBER Patent Citation Data File: Lessons, Insights and Methodological Tools; NBER Working

Paper; National Bureau of Economic Research: Cambridge, MA, USA, 2001.
50. Mann, W. Creditor rights and innovation: Evidence from patent collateral. J. Financ. Econ. 2018, 130, 25–47. [CrossRef]
51. Balland, P.A.; Rigby, D. The geography of complex knowledge. Econ. Geogr. 2017, 93, 1–23. [CrossRef]
52. Hidalgo, C.A.; Hausmann, R. The building blocks of economic complexity. Proc. Natl. Acad. Sci. USA 2009, 106, 10570–10575.

[CrossRef] [PubMed]
53. Balassa, B. Trade liberalisation and “revealed” comparative advantage. Manch. Sch. 1965, 33, 99–123. [CrossRef]
54. Hidalgo, C.A.; Klinger, B.; Barabási, A.L.; Hausmann, R. The product space conditions the development of nations. Science 2007,

317, 482–487. [CrossRef]
55. Santoalha, A. Technological diversification and Smart Specialization: The role of cooperation. Reg. Stud. 2019, 53, 1269–1283.

[CrossRef]
56. Sciarra, C.; Chiarotti, G.; Ridolfi, L.; Laio, F. Reconciling contrasting views on economic complexity. Nat. Commun. 2020, 11, 3352.

[CrossRef]

https://doi.org/10.1016/j.respol.2009.06.011
https://doi.org/10.1016/j.respol.2018.02.017
https://doi.org/10.1016/j.ijindorg.2020.102620
https://doi.org/10.1080/10438599.2020.1761591
https://doi.org/10.1016/j.respol.2014.09.001
https://doi.org/10.1191/0309132504ph469oa
https://doi.org/10.1016/0304-3932(88)90168-7
https://doi.org/10.1080/00343404.2010.543126
https://doi.org/10.1080/09654313.2012.723420
https://doi.org/10.1177/0969776411427326
https://doi.org/10.1080/00343404.2015.1105653
https://doi.org/10.1080/00130095.2016.1205948
https://doi.org/10.3390/su16052029
https://doi.org/10.3390/su16052003
https://doi.org/10.1177/2321022220980541
https://doi.org/10.1016/j.frl.2023.104636
https://doi.org/10.1016/j.techfore.2018.07.022
https://doi.org/10.1080/09654313.2019.1680611
https://doi.org/10.1016/j.jfineco.2018.07.001
https://doi.org/10.1080/00130095.2016.1205947
https://doi.org/10.1073/pnas.0900943106
https://www.ncbi.nlm.nih.gov/pubmed/19549871
https://doi.org/10.1111/j.1467-9957.1965.tb00050.x
https://doi.org/10.1126/science.1144581
https://doi.org/10.1080/00343404.2018.1530753
https://doi.org/10.1038/s41467-020-16992-1


Sustainability 2024, 16, 2768 16 of 16

57. Jin, P.; Mangla, S.K.; Song, M. The power of innovation diffusion: How patent transfer affects urban innovation quality. J. Bus.
Res. 2022, 145, 414–425. [CrossRef]

58. Conley, T.G.; Hansen, C.B.; Rossi, P.E. Plausibly exogenous. Rev. Econ. Stat. 2012, 94, 260–272. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jbusres.2022.03.025
https://doi.org/10.1162/REST_a_00139

	Introduction 
	Research Hypothesis 
	Methodology and Data 
	Methodology 
	Variables 
	Explained Variables 
	Explanatory Variables 
	Control Variables 

	Data Source 

	Empirical Results 
	Regression Results and Analysis 
	Mechanism Test 
	Heterogeneity Test 
	Robustness Checks 

	Conclusions 
	Policy Implications 
	Limitations and Future Recommendations 
	References

