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Abstract: Dealing with the environmental and climate risks caused by global warming has become
a global consensus. As a sensitive area with particularly fragile ecological environment, the Nordic
countries took the lead in making the commitment of “carbon neutrality” by the middle of this cen-
tury. The green industry will play an important role during this process. Based on the patent data
related to the green industry in Nordic countries, this paper studies the evolution characteristics
and dynamic changes of influencing factors of patent citation network from 1980 to 2019 by using
the social network analysis method and exponential random graph model. The research results
show that: Nordic green technologies have gradually changed from passive development to active
innovation from the source, and gradually diversified and subdivided in the development process;
the connectivity and transitivity of the patent citation network are good and relatively stable in the
evolution process; the connections of Nordic countries with non-Nordic countries are strong and
gradually spread to distant regions; the awareness of patent property rights protection has gradu-
ally increased, and industry and academia are increasingly integrated, which all promote the for-
mation of patent citation relationship.

Keywords: patent citation network; green industry; evolution characteristics; social network
analysis; exponential random graph model

1. Introduction

With the increasing frequency of human activities, the environmental and climate
risks brought about by global warming have become increasingly significant, and the pur-
suit of sustainability and green growth has become a key issue for both developed and
developing countries [1]. As an area that entered the sequence of developed countries
earlier, the five Nordic countries are always known for their leading technology and de-
veloped economy, but their development has always been limited by the geographical
location of fragile ecology. If the Nordic countries want to seek stable development, it is
necessary to strengthen the concept of green development and promote sustainable eco-
logical development. In fact, as a capitalist country with a highly developed economy and
a powerhouse of science and technology, the Nordic countries have already actively car-
ried out green actions, increased investment in green technology, and promoted the de-
velopment of green industries. In recent years, Nordic countries have formulated carbon
tax policies and a series of environmental protection bills gradually reducing the use of
fossil energy, and continuously improving the utilization proportion of clean energy such
as wind energy, nuclear energy, and geothermal energy. In addition, the treatment tech-
nology and recycling system of garbage, wastewater, and other related wastes are becom-
ing more and more standardized. With the deepening awareness of environmental pro-
tection in Nordic countries, the development of green technology is not limited to the field
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of energy but is further extended to construction, transportation, agriculture, and other
aspects, in order to alleviate environmental problems from multiple perspectives. In the
long-term development, the Nordic countries have long been the pioneers of the global
“green wave” and their achievements in green innovation are obvious to all. The data in
The 2021 Global Energy Innovation Index: National Contributions to the Global Clean Energy
Innovation System, published by the Information Technology & Innovation Foundation
(ITIF), show that Finland, Denmark, and Sweden are the top three countries in global en-
ergy innovation index (GEII), revealing their outstanding contributions to clean energy
innovation. The 2022 environmental performance index (EPI) jointly published by Yale
Center for Environmental Law & Policy (Yale University) and Center for International
Earth Science Information Network (Columbia University), also indicates that Denmark,
Finland, Sweden, and Iceland rank in the top 10 among 180 countries, and Norway ranks
in the top 20 [2]. It can be seen that the Nordic countries have shown a good sustainable
development trend as a whole, and some of their experiences may be universally applica-
ble to promote global green development.

The concept of the green industry, as stated by the United Nations Development Pro-
gramme (UNDP), refers to products, equipment, services, and technologies that prevent
and reduce pollution, such as solar energy, geothermal energy, wind energy, public trans-
portation, and other transportation or other equipment, products, technologies and ser-
vices that can save energy, reduce resource investment, and improve efficiency. The de-
velopment of this emerging industry is inseparable from innovation, and technological
and non-technological ecological innovations are the main manifestation of the innovation
process of sustainable development (ecological innovation) [3]. To study the development
profile and evolution of the Nordic green industry, there is a necessity to begin with its
technological development process. The patent is an important information source of the
development trend of technology and an important output of technological innovation
which can reflect the innovation status, capability, and connection of different countries
or regions and different technological fields. The patent citation information can be used
to analyze technology valuation, impact, or diffusion [4]. Therefore, building a patent ci-
tation network based on patent citation information can more intuitively present the dif-
fusion, connection, and development of technologies, and also facilitate the understand-
ing of the technological path and related influencing factors in Nordic countries’ green
industry development, so as to provide some experience and suggestions for developing
countries that are backward in green industry development. At present, the academic cir-
cles have carried out networked research on technology diffusion and knowledge spillo-
ver in many fields [5-7], but the research on technology diffusion of green industries in
the Nordic region is still relatively scarce. This paper develops a systematic analysis based
on this research object, and the contributions are as follows: (1) The patent citation net-
work of the green industry in Nordic countries is constructed, and the evolution charac-
teristics of green industry-related patents in Nordic countries from 1980 to 2019 are ana-
lyzed from a dynamic perspective, which enriches the research on green industry. (2) The
exponential random graph model is introduced to make a dynamic comparative analysis
of the influencing factors of the Nordic green patent citation network, which expands the
application scenario of the exponential random graph model and effectively studies the
formation mechanism of the network.

2. Literature Review

Patents contain a large amount of technological innovation knowledge, and are also
an important manifestation of technological innovation capabilities, providing a valuable
source of information for technological development and innovation activities [8]. Aca-
demia and industry have conducted extensive research on subject cooperation [9], inno-
vation performance [10], and other aspects in combination with these patent information,
providing some policy suggestions for stimulating the innovation vitality of enterprises,
industries, and countries. After the exploration of patent information has become more
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and more mature, the cooperation between patents and the flow of technology has re-
ceived more extensive attention, and the patent citation network that highlights the tech-
nological flow and knowledge spillover has gradually entered people’s field of vision.
Regarding the citation network, it was initially based on the perspective of Bibliometrics
[11] to study the citation relationship between different documents. Subsequently, some
scholars applied network analysis to patent citation research, which triggered a research
upsurge in combining patent citation and network analysis [12]. After that, the patent ci-
tation network has played an irreplaceable role in the research on technological flow and
knowledge spillover.

In the academic research process, patent citations are regarded as an important indi-
cator that can effectively measure the reliability and validity of patents [13]. It is a useful
approach to identifying the technological knowledge flow from one country, institution,
or company to another [14]. When building a patent citation network, the most widely
used indicator related to patent citations is the total number of citations [15], and the in-
dicators commonly used to define the direction of patent citations are divided into for-
ward citation and backward citation. Forward citation refers to the number of times a
patent is cited by subsequent patents, which can reflect the quality of the patent [16]. Back-
ward citation refers to the number of times this patent cites previous patent documents
[17], with the advantage of being fixed over time, and can be used to assess the novelty of
a technology [18]. Based on the above basic indicators, that is, the number of patent cita-
tions and the direction of patent citations, the prototype of the patent citation network can
be constructed. Based on this basic network, academia has conducted further research on
the patent citation network.

Some scholars have expanded the scope of patent research, focusing on multinational
patent citation information. Due to the openness and accessibility of patent information,
the knowledge and technological information of patents could flow without geographical
restrictions, and correspond to the information exchange between different countries [19],
thus the research on transnational patents is increasingly enriched. In order to avoid the
duplication of international patent information collection, most scholars choose to select
the information of a specific patent office to conduct international patent information re-
search, such as EPO, USPTO, JPO, CNIPA, etc. Meanwhile, some scholars have con-
structed a patent citation network based on patent family information [20], which is also
an effective means to study transnational patents. Additionally, there are also scholars
conducting an in-depth analysis of the practical significance of patent citation networks
based on the characteristics of topological networks. Some of them focus on studying the
network characteristics [21] of patent citation networks such as small-world and scale-
free. Some scholars have studied the technology trajectory of a specific industry in com-
bination with the characteristics of the patent citation network [22]. Other scholars have
discussed the knowledge flow of patent citation network and its practical significance
from the perspectives of patent documents, affiliated institutions, technological fields, and
countries [23].

After constructing the patent citation network and analyzing its characteristics, more
and more scholars began to explore the factors affecting the formation of patent citation
relationship, that is, the formation mechanism of patent citation relationship.

At this stage, most scholars have seen the impact of patent-related attribute charac-
teristics on patent citation [24]. With the deepening of the research on patent citation rela-
tionship especially by social network analysis method, some scholars have found that
some local or overall structural features of the patent citation network itself or others will
have an impact on the citation relationship [21]. At the same time with the research on the
influencing factors of patent citation, there is also a heated discussion on the research
methods. At the beginning of the research, the statistical inference method of patent cita-
tion is based on attribute data and the independence hypothesis. Most scholars choose to
use logit regression [25], logistic regression [26], and Zero-Inflated Poisson regression [27]
for analysis. At this stage, regression analysis is often combined with the independence
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hypothesis, that is, multiple independent variables are required to be relatively independ-
ent and there cannot be high linear correlation, so as to avoid the problem of “multicollin-
earity”, otherwise the significance test of variables will lose its significance and the pre-
diction function of the model will also fail. However, the basic unit of patent citation net-
work analysis is the relationship between patent pairs. In this case, it is unreasonable to
set the independence hypothesis. Subsequently, some scholars put forward some methods
to solve the correlation test between attributes and relational variables. The most common
method is Quadratic Assignment Procedure (QAP) [28], which can include attribute data
through a certain form of network transformation, study the similarity between a network
and multiple networks, and solve the correlation evaluation between relational data to a
certain extent. However, this method still has some problems for more complex scenario
applications. For example, it cannot carry out mixed measurements based on weighted
and binary attribute features. In order to solve the problems of QAP and other models,
some scholars have introduced the Exponential Random Graph Model (ERGM) into the
discussion of patent citation network [29]. ERGM can directly model the network mecha-
nism, rather than acting as an agent of the dependence between observations. Meanwhile,
it can comprehensively consider the endogenous and exogenous variables formed by the
network, and verify whether there is model degradation by adding dependencies, which
greatly improves the accuracy of parameter estimation.

In addition, by combing the literature related to the green industry, it can be found
that most of the early scholars linked it to horticulture, nursery, and other related indus-
tries [30], and the research scope was relatively limited. With the increasingly severe en-
vironmental problems, the concept of the green industry has gradually matured, and
more and more scholars have expanded the connotation and extension of “green indus-
try” from the traditional agriculture and forestry to the industry and service and equated
“green industry” with environment-friendly and sustainable industry, including energy
conservation, emission reduction, renewable energy, green transportation, green agricul-
ture, and other industries. On this basis, a large number of scholars focus on green inno-
vation [31], green economy [32], and green performance [33], which are inseparable from
the development of green technology. When analyzing the diffusion, development, and
innovation of green technology, many scholars use patent data. Some scholars have stud-
ied energy storage technology [34], solar photovoltaic [35], green building [36], green ag-
riculture [37], and other related fields by combining patent citation network.

In a word, there are still some research gaps in the research on Nordic green patent
citation network: (1) The current research is lacking in the analysis of the patent citation
network from the perspective of dynamic evolution. At present, the characteristic analysis
of the patent citation network mostly focuses on the static perspective. Although it can
intuitively show the current situation of technology development and the network char-
acteristics, it is difficult to reflect on the evolution process and changes in patent citation
network and its technology diffusion. (2) The research method of influencing factors of
patent citation network is relatively backward. At present, the research on the influencing
factors of patent citation network mostly focuses on the traditional regression model and
quadratic assignment procedure. In these studies, there is often a lack of consideration of
the endogenous variables of the network, and there is a certain problem of model degra-
dation. The exponential random graph model has been used in the research of network
mechanisms in many fields such as medicine [38], R & D cooperation [39], and population
mobility [40]. It considers the endogenous and exogenous variables of the network, and
can effectively improve the accuracy of variable result estimation. However, there is still
a certain gap in the research of patent citation network. (3) The research on the evolution-
ary process of the whole green industry is relatively scarce. At present, most of the re-
search on the green industry focuses on a certain technology or a certain field, but few
scholars study the technological flow of the green industry from the overall perspective.
Therefore, based on the above research status and research gaps, this paper focuses on the
development of the green industry in Nordic countries, analyzes the dynamic evolution
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of its technological flow from the perspective of the patent citation network, and intro-
duces ERGM to study the influencing factors of the network.

3. Data Sources and Research Methods
3.1. Data Collection and Processing
3.1.1. Data Sources and Retrieval Strategies

Since this paper analyzes the transnational flow of technology, in order to maintain
a certain degree of consistency, reliability, and comparability, it is necessary to choose one
patent system instead of several patent systems from different patent offices [41], and as
a technological indicator, US patents are considered the most reliable [42]. Therefore, con-
sidering the quality and publicity of patents [43], this study uses the patents granted by
the United States Patent and Trademark Office (USPTO) from 1980 to 2019 as the initial
data set. The specific processing steps of the data are as follows.

First, extract all patents whose nationality of the first patent application is the Nordic
countries (Sweden, Denmark, Norway, Finland, Iceland) from the data set. Second, refer
to the IPC and other classification systems to define the data range [44]. Combined with
the Green Inventory issued by WIPO, which includes alternative energy production,
transportation, energy conservation, waste management, agriculture/forestry, adminis-
trative, regulatory or design aspects, and nuclear power generation, the patent classifica-
tion list related to green industries [45] can be determined. Then search and screen the
patents of the green industry in Nordic countries through the selected IPC classification
number to obtain the “Nordic Green Patent”. Finally, take the Nordic green patent as the
benchmark data, retrieve its citing and cited patents, delete the patents unrelated to the
green industry, and obtain the citing and cited patent data of Nordic green patents.

3.1.2. Data Analysis

Through data processing and analysis, the overview of Nordic green patents is
shown in Figure 1.

Figure 1. The number of Nordic green patents.

It can be seen from Figure 1 that the number of Nordic green patents has increased
significantly since 2010. Therefore, the period 2010-2019 is divided into one stage for re-
search. At the same time, considering the comparability of periods, each decade from 1980
to 2009 is taken as a time window to study its evolution characteristics. This paper consists
of four stages: 1980-1989, 1990-1999, 2000-2009, and 2010-2019 and studies the citations
of Nordic green patents in each stage. Combined with the Nordic green patents and their
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citing patents and cited patents in each stage, this paper builds the Nordic green patent
citation network at each stage and explores the flow and evolution characteristics of Nor-
dic green patents in international technological activities.

By further analyzing the Nordic green patent and its citing and cited data in four
stages, the statistical results are obtained and shown in Table 1.

Table 1. Descriptive statistics of Nordic green patents from 1980 to 2019.

Nordic Green Patents Cited Patents Average Cited Patents Citing Patents Average Citing Patents

1980-1989
1990-1999
2000-2009
2010-2019

956
1184
1600
4012

1622 1.70 12,660 13.24
5182 4.38 15,554 13.14
12,387 7.74 20,157 12.60
28,936 7.21 8812 2.20

From Table 1, it can be seen that in the early stage, green patents have just emerged.
Although the number is small, the patents have a great influence and have been cited by
subsequent patents more than 13 times on average, which has played a fundamental role
in the development of Nordic green technology. In the later stage, the number of patents
shows a blowout trend especially from 2010 to 2019. At this stage, the patent foundation
is relatively solid, and citing patents is more than seven times on average. Many patent
documents are cited, indicating that the early patents played an important supporting role
in the development of later technologies, which reflects the continuity of the patent cita-
tion relationship and conforms to the objective laws of technological development.

3.2. Social Network Analysis

Social network analysis (SNA) is a method to study social relations and structures,
mainly focusing on the internal network between different social actors [46]. It is a quan-
titative analysis method developed by sociologists based on mathematical methods, graph
theory, etc. It can not only describe the aggregation degree and average path of the net-
work as a whole but also examine the interaction between nodes, which provides strong
technological support for further insight into the characteristics of the patent network.
Some scholars have applied social network analysis to patent network analysis [12], and
some scholars have further combined it with patent citation data for analysis [47]. At this
stage, it is relatively mature to study the patent citation network through the social net-
work analysis method. Using this method to study the evolution of the patent citation
network also has its advantages. The evolution characteristics of the network can be
shown from the statistical indicators and its visual presentation. In this study, the social
network analysis method is mainly used to analyze the citation relationship of green pa-
tents in Nordic countries in the whole network, and study the evolution law of the Nordic
green patent citation network from the perspectives of topological network characteris-
tics, core nodes, and core network.

3.2.1. Topological Network Analysis

Topological network analysis refers to using various methods to describe the topol-
ogy structure of the network. Assessing node importance from the perspective of topology
is a common method in patent research [48], and network topology analysis can provide
information for a better understanding of the structure of large-scale networks and the
process of knowledge propagation in patent citation networks [49]. This paper studies the
overall characteristics of the network from the following measures.

1. Network scale: It refers to the number of nodes and edges in the network, indicating
the coverage scale of the network.

2. Average degree: It refers to the average number of connections between any node in
the network and other nodes, including the out-degree (the number of times it is cited



Sustainability 2022, 14, 7743

7 of 21

by other nodes) and the in-degree (the number of times it is citing other nodes), indi-
cating the influence range of network nodes.

3. Network diameter: It refers to the maximum value of the shortest path between any
two nodes in the network, indicating the reach-ability between nodes.

4. Average path length: It refers to the average value of the shortest path between any
two nodes in the network, indicating the accessibility, transitivity, and connectivity
of nodes.

5. Clustering coefficient: It refers to the degree of interconnection between adjacent
nodes of a node. For a single node, the clustering coefficient is the ratio of the actual
number of connected edges between its adjacent nodes to the number of edges con-
nected when all adjacent nodes are connected to each other. For the overall network,
the clustering coefficient value is the average of the clustering coefficients of a single
node. In order to study the characteristics of the overall network, this paper adopts
the overall network clustering coefficient, which reveals the degree of aggregation
between network nodes.

6. Connected component: It refers to the number of weakly connected independent sub-
networks in the network, indicating how many small groups that are more closely
connected exist in the network.

3.2.2. Analysis of Key Nodes

The analysis of key nodes is mainly based on the measurement of degree values. By
analyzing the out-degree and in-degree of nodes, this paper selects the top-ranked hubs
and authorities in the network. The hub refers to a node with a high out-degree, that is, a
node cited by many other nodes. In this study, it represents an upstream patent. The au-
thority refers to a node with a high in-degree, that is, a node that citing many nodes. In
this study, it represents a downstream patent.

3.2.3. Core Network Analysis

Due to the wide research scope, long time span, large amount of data, and sparse
overall network, the network visualization effect including all nodes often cannot show
the key characteristics. Based on this situation, this paper simplifies the network through
k-core and extracts the core nodes and their edges in the network in order to better study
the core characteristics of the network.

3.3. Exponential Random Graph Model and Variable Selection
3.3.1. Research Model Construction

The exponential random graph model (ERGM) comprehensively considers the en-
dogenous factors such as network topology and the exogenous factors such as node at-
tributes and node relationship covariates. The Markov chain Monte Carlo maximum like-
lihood estimation (MCMC MLE) is used to estimate the variable parameters, and the prob-
ability graph based on endogenous and exogenous factors is constructed through multiple
iterations. The general form of ERGM is:

P =) = (3) exp{ Zk_y 6,2 (51} (1)

where Y is the simulation network generated by the model, y is the observation network,
and P(Y = y) is the same probability between the model network and the observation
network. % is a normalized constant that ensures that the probability is always between 0
and 1 and that the sum of the probabilities of all possible networksis 1. Z, is the network
statistics (i.e., network endogenous attributes, node attributes and node relationship co-
variates). 8y, isthe parameter corresponding to the network statistics, and k is the number
of network statistics.

The final output parameter estimation result of the exponential random graph model
is essentially a non-standardized logistic regression coefficient, which can be considered



Sustainability 2022, 14, 7743

8 of 21

as the influence of model variables on the probability of forming edges and networks be-
tween network nodes. The significance test of the coefficient refers to the t distribution.
The method to evaluate the fitting effect of the model refers to Akaike Information Crite-
rion (AIC) and Bayesian Information Criterion (BIC) [50,51], and the basic formulas are:

AIC = 2p —2LL @)
BIC =p * In(N) — 2LL 3)

where, LL is the log-likelihood estimation result of the model, p is the number of parame-
ters in the model, and N is the sample size. In the process of parameter estimation, the
model with smaller AIC and BIC is regarded as the better fitting.

3.3.2. Selection of Model Variables

In this paper, the citation relationship of Nordic green patents is studied by using
network data and an exponential random graph model. ERGM holds that the network
relationship is self-organized, which is affected not only by the network structure but also
by the attributes of actors (the characteristic attributes of individuals) and other exoge-
nous attributes (other relationships between actors). Based on its characteristics that en-
dogenous and exogenous variables can be considered comprehensively, and considering
the characteristics of Nordic green patents studied in this paper, the variables affecting
the citation relationship of Nordic green patents are divided into three categories: network
endogenous structure variables, node attribute variables, and node relationship covari-
ates. According to these three kinds of variables, the static network forming factors in each
stage are studied and dynamically compared.

The research variables selected in this paper are shown in Table 2.

Table 2. ERGM variables and annotations.

Type of Variables

Network endoge-

nous structure vari-
ables

Variables Annotations
The constant term of the model which is equivalent to the network density,
edges . . .
and reflects the basic tendency of the network nodes to form relationships
twopath The open triangle structure that patent I cites patent j and patent j cites patent
P k, indicating the connectivity of the patent citation network
e The closed triangle structure that patent I cites patent j, patent j cites patent k,
transitiveties . . . e
and patent [ cites patent k, reflecting a certain degree of transitivity
The distribution of the nodes” out-degree, which can reflect the activity of
gwodegree

nodes in the network

The number of patent claims, representing the scope of protection given by

nodecov.claims  the patent or patent application in scientific terms which mainly reflects the

boundary of technology exclusivity

The number of citations to scientific and technological documents other than

nodecov.references patent documents which shows the dependence of patents on existing tech-

Node attribute var-

nologies

iables . The size of the patent family, that is, the number of patents of the same fam-
nodecov.family . .
ily, reflecting the patent value
absdiff.region Whether the countr}f of the first applicant of the patent is a Nordic country,
reflecting the heterogeneous effect of geography
nodematch.cited Frequency of patent cited, reﬂecl‘slrllg the hsmogeneous effect of cited fre-
quency and the “rich club” phenomenon
. . Whether there is a similarity in the technological field between different
Node relationship . o .
covariates edgecov.field nodes. If the technological fields of patent I and patent j are the same, the

value is assigned to 1, otherwise, the value is assigned to 0 (the first four
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digits of the main IPC number of the patent are classified as a technological

field [52])
edgecov.year Time difference between different patent publication years
edgecov.distance The distance between countries to which different patents belong

4. Result Analysis
4.1. Evolution Characteristics of Nordic Green Patent Citation Network

This paper constructs a directed and unweighted citation network based on patent
documents. The nodes represent patent documents. The edges represent citations be-
tween patent documents, and it points from the cited patent (upstream patent, technolog-
ical foundation) to the citing patent (downstream patent, technological development), and
the weight of the edge is 1. Based on the patent citation networks in four stages, this paper
analyzes the evolution characteristics of the Nordic green patent citation network.

4.1.1. Evolution Analysis of Topological Network

By analyzing the four-stage patent citation networks, the topological measures are
shown in Table 3.

Table 3. Topological measures of patent citation network.

Number of Number of Average Network Average Path Clustering Connected

Nodes Edges Degree Diameter Length Coefficient Component
1980-1989 12,692 14,097 1.111 5 1.754 0.010 440
1990-1999 17,745 20,473 1.154 5 1.997 0.010 516
2000-2009 25,983 32,255 1.241 6 1.974 0.013 591
2010-2019 29,449 36,866 1.252 7 1.843 0.016 1551

It can be seen from Table 3 that the scale of the patent citation network is continu-
ously expanding, and the number of nodes and edges has increased by about 1.5 times.
The average degree, network diameter, and clustering coefficient are relatively stable with
a slight change. The average path length is always at a low value, and the transitivity
between nodes in the networks is always good. From the perspective of the connected
component, there are many weakly connected sub-networks in the patent citation net-
works, indicating that the small groups have formed among patents, which increased
sharply from 2010 to 2019. This may be because with the advancement of technology, the
technological direction of patents is increasingly refined, and the citing and cited patents
are highly targeted, which has promoted the formation of multiple small groups.

4.1.2. Evolution Analysis of Key Nodes

To further analyze the key nodes of the network, this paper uses Pajek to extract the
hubs and authorities of the patent citation network, as shown in Table 4.

Table 4. The hubs and authorities in the patent citation network.

1980-1989

1990-1999 2000-2009 2010-2019

Hubs Authorities Hubs Authorities Hubs Authorities Hubs Authorities

O = L N -

4889698A  7361209B1 5024685A  7833322B2  4477690A  6465979B1  6255793B1  10433697B2
4273747A  8034163B1 5993521A  7724492B2  5545853A  6873080B1  7332890B2  10209080B2
4233274A  7731780B1 5012159A  7767169B2  4357542A  6891303B2  7613543B2  10149430B2
4443417A  6855859B2  5180404A  7077890B2  4565929A  7061133B1  8396592B2 9295362B2
4583999A  8293196B1 4955991A  7638104B2  4853565A  6525265B1  7761954B2 9405294B2
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As can be seen from Table 4, in the first and second stages, the hubs and authorities
of the Nordic green patent citation networks are mainly aimed at the prevention and con-
trol of mercury pollution, such as removing mercury vapor from exhaust gas (4273747A),
extracting and recovering mercury from gas (4233274A), controlling mercury emissions
(6855859B2), etc. This is mainly due to the accumulation of highly concentrated mercury-
based air pollutants in Nordic countries located at high latitudes, and their diets are in-
separable from fish and aquatic products, which is considered to be the main way of hu-
man methylmercury exposure [53]. Therefore, the Nordic countries have attached great
importance to the prevention and control of mercury pollution as early as the end of the
twentieth century, and the related technologies have also flourished. At the same time, it
also shows that the early green industry in Nordic countries still focused on the most basic
aspects of waste gas and wastewater treatment. The development of the green industry is
narrow and belongs to passive green development, rather than technological innovation
from the source. In the third stage, the clean energy utilization dominated by wind tur-
bines (4357542A, 4565929A, 7061133B1) has become the hubs and authorities, which
shows that the development of green industry in Nordic countries has changed from pas-
sive development to active development, and technological innovation is carried out from
the source of energy consumption. The development of clean energy-related technologies
is also inseparable from the “carbon tax” policy successively carried out by the Nordic
countries in the late 20th century. This policy has been gradually strengthened and has
greatly changed the energy consumption structure of the Nordic countries in the third
stage. In other words, as an effective environmental and economic policy tool, “carbon
tax” has played a positive role in reducing carbon emissions, decreasing energy consump-
tion, and changing the energy consumption structure of Nordic countries. The patents
which are hubs and authorities in the fourth stage have been effectively combined with
artificial intelligence, such as robot cleaning device (10149430B2), autonomous surface
cleaning robot (7761954B2), and other related patents, which shows that the combination
of Nordic green industry and automation technology has gradually penetrated into all
aspects of life.

Through further research on some hubs and authorities, it is found that 7361209B1,
8034163B1, and 7731780B1 all come from the same patent family, which indicates that
there is a phenomenon of “prosperity for all” in patent citations, that is, patents in the
same patent family may have similar technological influence or based on a similar tech-
nological foundation.

4.1.3. Evolution Analysis of Core Network

Since the patent citation network is a large sparse network, the overall network vis-
ualization effect is poor. In order to further show the core structure of the patent network,
this paper simplifies the patent citation network by using the condition “k-core > 4”, and
constructs the patent citation core networks in different periods by using the Fruchterman
Reingold layout algorithm [54], and divides the patent clusters according to the weakly
connected relationship, which is shown in different colors, as shown in Figure 2.



Sustainability 2022, 14, 7743

11 of 21

(a) (b)

(0) (d)

Figure 2. Evolution of the patent core citation network. (a) 1980-1989, (b) 1990-1999, (c) 2000-2009,
(d) 2010-2019.

After analyzing the patents of each cluster, it can be seen that:

First, the number of core patent clusters is gradually increasing. As can be seen from
Figure 2, in each stage, there are several large patent clusters formed by a large number
of patents with close relations, which represent the core compositions of the patents re-
lated to the Nordic green industry. The four stages form 7, 9, 19, and 27 clusters respec-
tively, showing an obvious increasing trend, indicating that the Nordic green patent cita-
tion relationships are increasingly active and more closely connected.

Second, the technological fields of core patents are increasingly diversified. By ana-
lyzing the core patent clusters, it can be found that the technological directions of the pa-
tents in the same cluster are relatively similar. By analyzing the technological directions
involved in the clusters at different stages, we can find that these technological directions
gradually extend from traditional wastewater and gas treatment to green agriculture, re-
newable energy, and some other aspects, which means that the technological develop-
ment of Nordic green patents is increasingly diversified and refined. Specifically, the core
patents from 1980 to 1989 mainly include technologies such as nuclear reactor fuel element
assembly, gas separation, biofuel, industrial wastewater treatment, and waste incinera-
tion. The core patents from 1990 to 1999 mainly involve technologies of gas separation,
mobile source emission reduction, fixed waste treatment, photovoltaic power generation,
etc. The core patents from 2000 to 2009 are mainly related to technologies of carbon cap-
ture and storage, green agricultural irrigation, nuclear reactor fuel element assembly, heat
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recovery, wind power generation, etc. The core patents from 2010 to 2019 mainly consist
of technologies such as hybrid vehicle transmission, mobile source emission reduction,
wind power generation, thermal energy storage, green nanometer, etc.

Third, the use of clean energy has always been the focus of the Nordic green industry.
It has been involved in the core patents citation network at all stages, but the technological
development has changed over time. Nuclear power generation started early and was one
of the most important clean energy sources in the Nordic countries in the early years, but
with the repeated occurrence of nuclear accidents, the Nordic countries gradually adopted
other clean energy sources to replace nuclear energy for safety reasons. Biomass energy is
also a clean energy and its application started earlier. However, unlike nuclear energy,
biomass power generation technology has not weakened significantly over time. Instead,
it continues to iterate and gradually forms a “Nordic model”, which not only solves waste
management problems but also ensures power supply. Photovoltaic power generation
and wind power technology have developed rapidly in recent years, and are likely to be
the focus of clean energy in the Nordic countries in the future, which is inseparable from
a series of preferential policies issued by the Nordic countries to encourage the use of
these clean energy.

Fourth, the star topology in the core patent cluster has gradually increased, showing
the importance of core patents has increased. From 1980 to 1989, there is no star topology
in the seven core patent clusters, indicating that the importance of each patent in the clus-
ters is relatively equal. With the passage of time, the star topology has gradually increased,
and a small number of patents are frequently cited by other patents, while some patents
are rarely cited, which reveals that there are more core patents in the core patent cluster,
and a few patents have played a supporting role in the core patent cluster. The emergence
of the star topology also shows that the part of patent citation networks presents the phe-
nomenon of the “Matthew effect” or “propensity link”, and the core patents in the star
topology in each period have brought a more lasting impact.

4.2. Influencing Factors of Nordic Green Patent Citation Network
4.2.1. Model Estimation

This paper selects the core citation network of Nordic green patents in four stages as
the basic data, takes the network data added with node attributes and node relationship
covariates as the research object, and uses the statnet package in R to estimate the param-
eters of the model, so as to explore the factors forming the network in each stage. The
specific meanings of the terms have been introduced above.

In this paper, the variables are added step by step to observe the fitting effect of dif-
ferent models. The results show that the AIC and BIC of the model with node attribute
variables, endogenous structure variables, and node relationship covariates are the small-
est, which means the fitting effect is the best, and it is closer to the real network. Therefore,
this paper uses that model to analyze the results, and summarizes the parameter estima-
tion data of the four stages as shown in Table 5. Through vertical comparison, this paper
analyzes the changes in influencing factors of the Nordic green patent citation network.

Table 5. Comparison of parameter estimation of ERGM from 1980 to 2019.

1980-1989 1990-1999 2000-2009 2010-2019
-3.013 *** -3.801 *** —6.362 *** —4.916 ***
edges

(0.249) (0.183) (0.133) (0.081)

nodeicov.claims -0.001 0.007 *** 0.007 *** —0.009 ***
] (0.003) (0.002) (0.001) (0.002)
nodeocov.claims -0.008 —0.018 *** —0.008 *** -0.001
] (0.004) (0.003) (0.002) (0.001)

nodeicov.references

-0.002 ** -0.003 *** 0.002 *** 0.002 ***
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(0.001) (0.001) (0.001) (0.001)
—0.014 0.067 *** ~0.010 *** 0.001
nodeocov.references (0.011) (0.011) (0.001) (0.001)

nodeicoy family ~0.006 0.007 ** 0.013 *** 0.006 ***
(0.005) (0.002) (0.001) (0.001)

nodeocov family 0.003 —0.001 0.020 *** 0.008 ***
(0.003) (0.003) (0.002) (0.001)

abediftegion 0.688 *** 1.022 *** 3.128 %+ 0.582 #**
(0.152) (0.124) (0.087) (0.039)

et cited 0.138 —0.043 0.255 *** 1417+
(0.094) (0.073) (0.058) (0.081)

4,973 #* 2886 *** 2,450 *** 0.686 ***
gwodeg (0.472) (0.349) (0.155) (0.135)

ewopath —0.456 *** 0.305 *** 20.088 *** 20.372 **
(0.046) (0.021) (0.004) (0.012)

amsitivetis 1.624 % 1.678 * 1.520 *** 2.542 #
(0.083) (0.052) (0.053) (0.072)
edgecov field ~0.109 0.069 0.043 0.001
(0.096) (0.066) (0.058) (0.044)

edgecovdistance 0.437 -0.107 ~0.067 0.292 *#*
(0.269) (0.222) (0.100) (0.081)

edgecov.year ~0.003 0.006 0.008 0.011 ***
(0.006) (0.006) (0.006) (0.003)
AIC 3907 10,175 32,449 37,892
BIC 4029 10,317 32,618 38,067

*p <0.01, ** p <0.001.

4.2.2. Analysis of Parameter Estimation Results

It can be seen from Table 5 that the variables affecting the Nordic Green Patent Cita-
tion Network show a certain trend. Through comparative analysis, it can be concluded
that the dynamic changes of influencing factors of the Nordic green patent citation net-
work are as follows:

(1) The influence of network endogenous structure variables on the Nordic green patent
citation relationship is relatively stable.

Twopath and transitiveties are significant in all stages, and the variation range is
small, indicating that the connectivity and transitivity of the network are good. The Nor-
dic green patent citation network always tends to be a closed triangular structure, and the
composition of the network is also relatively stable. In the process of technology develop-
ment, it pays more attention to the retroactive citation of technological foundations and
has a good awareness of intellectual property protection.

Gwodegree is always significantly negative, indicating that not most nodes in the
network can achieve network out-connections with a high probability, but only a few pop-
ular nodes have more out-connections [55], that is, there is always a preference for highly
cited patents. As “star patents” in the Nordic green patent citation network, these highly
cited patents play a key role in promoting the formation of citation relationship. At the
same time, it should also be noted that in the four stages of this study, this variable shows
a significantly decreasing trend, which provides a certain direction for the prediction of
the future evolution trend of the network. The dominant position of highly cited patents
in the network may soon disappear, and the resulting phenomenon of preferential attach-
ment may also be weakened accordingly. The cited frequency of patents may be more
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balanced rather than focusing on highly cited patents, and Nordic green technology may
develop toward a more diversified direction.

(2) The node attribute variables that have an impact on the Nordic green patent citation
relationship are gradually increasing.

The number of claims has gradually played a significant role in the formation of pa-
tent citation relationship. Overall, patents with a large number of claims have a greater
probability of citing the technological foundation because of the standardization and pre-
ciseness of the application process. As for the cited probability, in the second and third
stages, the patents with more claims are less likely to be cited, which reflects that the pa-
tents in the network are still in the state of their own business in the early stage, and the
strategies adopted by patent applicants or patentees in patent citation are more inclined
to actively avoid the claim scope of competitors [56], resulting in a lower cited probability
for patents with more claims. In the fourth stage, with the vigorous development of green
technology, the significant negative impact of the number of claims on the cited probabil-
ity gradually disappears, indicating that the Nordic green industry began to adjust their
strategies from competition to cooperation, which is also beneficial to the innovation of
Nordic green technology.

The influence of the number of non-patent references on the formation of the Nordic
green patent citation relationship has gradually changed from negative to positive. Alt-
hough early patents still had a negative impact on the formation of patent citation rela-
tionship due to the disconnection between practice and theory, in the process of the de-
velopment of Nordic green patents, the disconnection gradually decreases. During patent
application, the substitution effect of non-patent documents and patent documents grad-
ually weakens and the complementary effect gradually becomes apparent. This is insep-
arable from the huge funds invested by the Nordic countries to support environmental
education and pollution research, as well as the deepening of industry-university cooper-
ation, so as to further reflect the practical value of non-patent documents to patents. The
cooperation between academia and industry will have positive implications for the fur-
ther formation of the Nordic patent citation relationship and the innovation and diffusion
of Nordic green technology.

The influence of patent family size on patent citation network is increasingly signifi-
cant and gradually shows a positive impact. This shows that during the evolution of the
network, patent applicants or patentees gradually become more aware of the layout and
protection of intellectual property rights in multiple national patent offices, and they often
spend a lot of energy on the layout in multiple regions, so the patents with a larger family
size always have a greater value, which promotes the formation of patent citation rela-
tionship. In the subsequent development of the Nordic green patent citation network, the
positive contribution of the patent family size to the patent citation relationship will be
further manifested.

The regional heterogeneity effect is always significant, and the heterogeneous effect
of the first three stages gradually increases, but it decreases in the fourth stage. It shows
that the patents related to the Nordic green industry have always maintained active con-
nections with countries or regions outside Northern Europe. Through the analysis of the
original data, it can be found that this connection is mainly concentrated in the United
States in the early stage. With the continuous development of relevant technologies and
the increasingly severe climate problems, the Nordic countries have maintained such tech-
nological exchanges and cooperation with more countries outside the Nordic region. At
the same time, it should also be noted that with the increasingly prominent environmental
problems in the Arctic, the Nordic countries are facing consistent challenges and problems
in similar location conditions, which also promotes the close connection between the Nor-
dic countries in green industry-related technologies.

In the process of network evolution, the homogeneity effect between highly cited pa-
tents gradually shows a significantly negative phenomenon, which shows that the
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connection between highly cited patents is not close. As can be seen from the above anal-
ysis of the evolution characteristics of the Nordic green patent citation network, the tech-
nological fields involved in Nordic green patents are increasingly diversified, the techno-
logical directions are gradually subdivided, and there is an obvious clustering phenome-
non. The negative homogeneity of cited frequency further indicates that each technologi-
cal direction has a certain “leader”, that is, the highly cited patents in this direction or in
this field. These patents play a prominent role in their respective “small groups”, but the
patent citation relationship between different “small groups” is not close, which also in-
dicates the development trend of technological differentiation of the Nordic green indus-
try to a certain extent.

(38) The influence of node relationship covariates on the Nordic green patent citation re-
lationship is gradually significant.

The influence of patent technology network on patent citation relationship is always
insignificant, indicating that whether patent citation pairs are in the same technological
field will not have a significant impact on patent citation relationship. This may be because
green technology itself is a complex technological field, its technological foundation co-
vers a variety of related technologies and can involve many fields in the process of devel-
opment. Therefore, there are no obvious barriers and obstacles between technological
fields. With the continuous differentiation and development of green technology, the im-
pact of the patent technology network on patent citation relationship may be gradually
significant in the later evolution process.

The distance network has no significant impact in the first three stages, but it is sig-
nificantly positive in the fourth stage. It shows that the distance does not have a great
impact on the formation of the Nordic green patent citation relationship in the early stage,
which is related to the fact that both the regions of technology source and diffusion are
relatively fixed in these stages. With the continuous development of economic globaliza-
tion and the increasing regional expansion of environmental problems, the pursuit of “car-
bon neutral” and green development has become a global issue. Under this background,
the original relatively fixed technology diffusion regions may have been relatively satu-
rated, while there is still some space for technology diffusion in distant countries. Thus,
in the fourth stage, the farther the distance, the more likely the technology diffusion will
occur, that is, the patent citation relationship will be formed. After analyzing the original
data, it can be seen that in the fourth stage, the radiation range of Nordic green patents
has been greatly expanded, and the radiation distance has also shown an obvious exten-
sion. This evolution characteristic is consistent with the positive impact of the distance
network on patent citation relationship. According to the theory of technology diffusion,
the positive impact of distance network on patent citation relationship may continue and
is likely to usher in a period of rapid development, which provides an opportunity for a
series of developing countries in East Asia, North Africa, and other regions to develop
green technologies.

The impact of the time difference network on the patent citation relationship in the
first three stages is not significant. This may be because in the early stage of technology
development, green technology is still in the stage of exploration and development, and
the sequence of publication years cannot fully represent the patent value. Therefore, the
difference in patent publication years in these three stages cannot significantly impact the
citation relationship. It is not until the fourth stage that the time difference network has a
significant positive impact on the citation relationship, which is mainly due to the fact that
the development of green technology has gradually entered the mature stage, the value
of early patents is gradually reflected, and the impact on existing patents is also gradually
manifested. Reflected in the patent citation network, the earlier the patent is, the more
likely it is to be cited, and the easier it is to form the connection between the nodes in the
patent citation network. In the subsequent development process, there may be a tendency
to cite patents with time proximity due to the innovation of green technology, but with
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the further passage of time, the impact of the time difference network on patent citation
relationship may return to positive again until the arrival of the next change.

4.2.3. Robustness Test

In order to prove the robustness of the model, the goodness-of-fit (Gof) is selected in
this paper to test the fitting degree of the model [57], and the Edge-wise Shared Partners
(ESP), a network structure indicator, is chosen to verify the matching between the simu-
lated network and the real network. The specific test results are shown in Figure 3. In the
figure, the black line represents the statistical results of the real network, and the box line
diagram with the connected gray line represents the statistical results of the simulated
network. As shown in Figure 3, the statistical results of the Nordic green patent core cita-
tion network and its simulated network in four stages do not show a large deviation, in-
dicating that the simulated network constructed by the model can fit the real network
well, and the estimation results of the exponential random graph are robust.
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Figure 3. Robustness test of ERGM estimation results. (a) 1980-1989, (b) 1990-1999, (c) 2000-2009,
(d) 2010-2019.

5. Conclusions and Prospects
5.1. Research Conclusions

This paper analyzes the Nordic green patent citation data from 1980 to 2019 using
social network analysis, constructs the Nordic green patent citation network at each stage
from three perspectives of topological network characteristics, core nodes, and core
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network, and analyzes the evolutionary characteristics of the Nordic green patent citation
network under each perspective. The research shows that:

(1) The technological fields involved in the patent citation network extend from the tra-
ditional wastewater and waste gas treatment to the utilization of clean energy and
gradually interact with artificial intelligence. In other words, the development of the
Nordic green industry has gradually changed from passive development to active
innovation, indicating a change in its green development concept.

(2) More relatively independent small groups are formed in the network, and a certain
clustering effect is formed among patents of the same technological subject. With the
passage of time, the number of small groups gradually increases, indicating that the
technological subjects involved in Nordic green patents are increasingly diversified.

(3) The core network shows an obvious cluster distribution, and the increase in the num-
ber of clusters indicates that the fields involved in core patents are becoming more
and more abundant. The star topology in the clusters also indicates that there is a
certain “propensity link” phenomenon for core patents.

In addition, this paper constructs an exponential random graph model to study the
influencing factors of the Nordic green patent citation network in each stage in terms of
endogenous structure variables, node attribute variables, and node relationship covari-
ates, and conducts a dynamic comparative analysis of the network influencing factors
from 1980 to 2019. The research shows that:

(1) The Nordic green patent citation network has good connectivity and transitivity, al-
ways maintains a closed triangular structure, and is relatively stable in the evolution
process.

(2) The regional heterogeneity effect is always significant, and there is still space for
long-distance technology diffusion. Nordic green industry-related patents always
tend to form citation relationships with the relevant patents outside the region, and
they do not exclude the exchanges and cooperation with countries or regions outside
the region in green technology. And after the technology gradually matures, its dif-
fusion range will gradually expand.

(3) The nodes in the network tend to cite highly cited patents, but the connection be-
tween highly cited patents is not close. With the patent network gradually showing
the trend of diversification and differentiation, several “small groups” have been
formed gradually. The “Star patents” within the small groups are more likely to be
cited, but the connection between different “small groups” is not close.

(4) The higher the awareness of patent property protection, the more conducive to pro-
moting the formation of patent citation relationship. No matter further improving
patent claims or laying out patents in multiple patent offices, the deepening aware-
ness of patent property protection can both be reflected. With the gradual standard-
ization of the patent application process, patent applicants will be more inclined to
adopting an active information disclosure strategy to avoid being in a disadvanta-
geous position in litigation that may arise later due to incomplete information disclo-
sure [58], which will further improve the probability of forming patent citation rela-
tionship.

(5) In the process of technology diffusion, the integration of industry and academia is
conducive to the formation of green patent citation relationship. In the development
of Nordic green patents, the substitution effect between non-patent documents and
patent documents has gradually weakened and the complementary effect has in-
creasingly strengthened, and the integration of industry and academia has promoted
the development of patent citation network.

5.2. Policy Implications

By analyzing the evolution characteristics and influencing factors of the Nordic
Green Patent Citation Network, it can be found that the evolution process of its green
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industry is also worth learning by other developing countries with relatively backward
green industry development. Therefore, based on the above conclusions, this paper pro-
poses the following countermeasures for the green industry development in developing
countries.

(1) Strengthen industry—university cooperation.

The positive significance of industry—university cooperation in promoting techno-
logical innovation, mobility, and diffusion has become a consensus in academia. In the
field of the green industry, the positive effect brought by industry—university cooperation
has been verified again. At present, in order to enhance the innovation efficiency and dif-
fusion speed of green industry-related technologies, it is more necessary to promote in-
dustry—university cooperation and the orderly docking of technology and knowledge.
Specifically, on the one hand, the government should play a leading role in providing
financial support for environmental education, pollution research, and other related green
technologies, so as to improve the research level of universities and research institutes in
related fields. On the other hand, universities should determine the development direc-
tion and cooperation focus in combination with their disciplinary advantages, develop-
ment priorities, and capability structure. Furthermore, universities should also match the
capability structure with the determined cooperation objectives based on the knowledge
structure and technological capacity level of the cooperation subjects, so as to form a spe-
cialized division of labor pattern and differentiated development for different types of
industry—university cooperation and innovation. In this process, a long-term mechanism
of industry—university cooperation can be set up to actively promote the establishment of
industry—university cooperative laboratories and university innovation practice bases re-
lated to green industries, to promote the further integration of green technology develop-
ment at the theoretical and practical levels, and to accelerate the transformation of scien-
tific and technological achievements.

(2) Enhance the protection of patent property rights.

Strengthening the protection of patent property rights can effectively stimulate the
vitality of market innovation, and promote the formation of patent citation relationships,
so as to enhance technology diffusion and dissemination and the development of the
green industry. To be specific, first, publicity and education should be strengthened to
enhance the awareness of each subject in patent property protection. Second, correspond-
ing laws and regulations should be improved to protect the legitimate rights and interests
of the patentees. Third, a service platform for patent property rights is also supposed to
be built. In doing so, the establishment of a service mechanism for the transformation of
scientific and technological achievements combining the disclosure of scientific and tech-
nological inventions, business value evaluation, patent design application, and patent
marketing should be paid much attention to in order to protect the scientific and techno-
logical innovation achievements. Fourth, training on relevant contents of patent property
rights should be actively carried out, and the standardized behavior of patent applicants
in the application process should be improved. Fifth, the filing of the application subjects’
core patents and important patents in multinational patent offices ought to be encouraged,
and the protection of patent property rights ought to be enhanced so as to accumulate
strength for the international exchange and cooperation of green technologies in various
countries.

(3) Strengthen international technological exchanges and cooperation.

Promoting sustainable green industry development has long become a global issue.
On the one hand, in the initial stage of green industry development, it is necessary to
strengthen international cooperation with leading countries in the green industry. Taking
the Nordic countries as an example, the developing countries are confronted with some
environmental problems today such as air pollution, lack of water resources, sewage pu-
rification, and so on, which have also been faced and addressed by the Nordic and other
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developed countries before. So, the technological exchange and cooperation between de-
veloping countries and Nordic countries in the green industry can effectively solve the
existing problems. In addition, from the perspective of technology diffusion theory and
practical development, there is still much space for cooperation between developing coun-
tries and Nordic countries, and there is still great potential for the development of green
industries. Therefore, in the subsequent development process, countries with relatively
backward green industry development can actively encourage their academia and indus-
tries to carry out technological exchanges with the relevant subjects in the Nordic coun-
tries, and vigorously promote the formation of technological cooperation in various fields.
On the other hand, technological exchanges and cooperation with neighboring countries,
especially those with similar geographical conditions should be further promoted. Neigh-
boring countries or countries with similar geographical conditions often face common en-
vironmental problems and challenges. Technological exchanges with regional countries
can help to learn from advanced experience, more specifically solve existing problems in
relevant regions, avoid the occurrence of “acclimatization”, form a joint force in promot-
ing regional green development, and alleviate national, regional, and even global envi-
ronmental problems point by point. In order to better promote international technological
exchange and cooperation, the government can actively play a leading role in building a
favorable business environment, increasing the attraction of foreign investment, and en-
couraging academia and industries to actively carry out academic seminars and techno-
logical exchange activities.

5.3. Research Prospect

The patent citation network for the green industry is a complex knowledge system,
involving the coordination and interaction of various factors such as technology, region,
policy, region, and other factors. Although this paper has analyzed the evolutionary char-
acteristics and influencing factors of the Nordic green patent citation network, it is still
difficult to make an absolutely comprehensive interpretation and analysis. The research
shortcomings of this paper and the prospect of the subsequent research work are as fol-
lows.

(1) The research sample has certain limitations and can be further expanded in the fol-
low-up study. The analysis of the green patent citation relationship in this paper
mainly studies the Nordic countries. When selecting the research object, this paper
mainly takes into account the environmental vulnerability of the Nordic region and
the progressiveness of green industry development. However, when processing the
data, it is found that the United States, Germany, Japan, and other countries also have
outstanding performance in the technological development of the green industry. In
the subsequent study, the scope of the research objects and the corresponding sample
collection can be further expanded to include other countries with better develop-
ment of green industries and countries with greater development potential.

(2) The study of influencing factors still has limitations, and more variables can be in-
cluded for discussion. In this paper, when studying the factors influencing the for-
mation of patent citation relationship, several factors concerning endogenous struc-
ture, node attributes, and node relationship covariates have been included for dis-
cussion, but still not to the extent of being comprehensive. In the subsequent research
process, more variables can be included in the ERGM for more comprehensive anal-
ysis and discussion.
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