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Abstract

Hydrogen has become a strategic component of the energy transition and decarbonization.
In China, province-level administrative regions have issued many hydrogen-related poli-
cies, but existing research has paid limited attention to how these policy texts are organized
into coherent policy systems. This study evaluates the text-based structural coherence,
design completeness, and textual coordination of China’s provincial hydrogen industry
policies. Using 315 hydrogen industry policy documents issued across 31 province-level
administrative regions, it constructs a “themes–instruments–text-based coherence” analyti-
cal framework that integrates the latent Dirichlet allocation topic model, content analysis,
and the policy modeling consistency index model. The results show that China’s provincial
hydrogen industry policy systems contain five themes: hydrogen industry development,
technological innovation, policy support, industry regulation, and operational manage-
ment. The thematic structure is strongly oriented toward industrial development and
technological innovation. The policy instrument analysis indicates that capacity-building
instruments dominate the instrument configuration, accounting for 55.87%, while instru-
ments related to government demand, institutional supply, and safety regulation are less
prominently represented. The PMC-based evaluation shows that the average text-level
coherence score is 6.75, indicating a generally good level of structural coverage and design
completeness as reflected in policy texts, but with regional and dimensional differences.
Issuing levels constitute the weakest textual dimension, while thematic coverage and in-
strument configuration show room for improvement, suggesting less systematic textual
representation of vertical linkage and uneven instrument complementarity. This study
contributes to hydrogen policy research by shifting the analytical focus from individual
policy documents to provincial policy systems and by clarifying how policy themes, instru-
ments, administrative arrangements, governance levels, and temporal structures shape the
structural coverage and design completeness of hydrogen industry policy at the textual
design level.

Keywords: hydrogen industry policy; text-based policy system coherence; policy instruments;
LDA topic model; PMC index model; China
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1. Introduction
The intensification of climate change, geopolitical tensions, and energy security risks

has made the development of green energy technologies a central issue in the global energy
transition. In recent decades, renewable energy sources represented by solar and wind
power have expanded rapidly and have gradually become important components of low-
carbon power systems [1]. However, solar and wind power are highly dependent on
weather conditions and are characterized by considerable temporal variability, making
it difficult for them to provide a stable and dispatchable energy supply on a continuous
basis. Against this background, hydrogen has attracted increasing policy attention because
it can serve both as an energy carrier and as a storage medium. It can connect renewable
electricity production, industrial decarbonization, transportation, and end-use energy
consumption [2]. With its high energy density, zero carbon emissions at the point of end-
use, and the possibility of producing green hydrogen through water electrolysis using
renewable electricity, hydrogen is increasingly viewed as an important component of future
clean, low-carbon, secure, and flexible energy systems [3]. By 2024, more than 70 countries
had announced clean hydrogen projects [4], and several major economies had incorporated
hydrogen into their national energy strategies and industrial transformation agendas [5].

China has also positioned hydrogen development as an important component of its
dual-carbon strategy and energy transition. As the world’s second-largest economy and the
largest producer and consumer of hydrogen, China has continued to promote technological
innovation, industrial chain development, infrastructure deployment, and application
demonstrations in the hydrogen sector through a combination of national strategic guid-
ance and local policy experimentation [6,7]. At the level of province-level administrative
regions, local governments have issued a large number of hydrogen-related policies in ac-
cordance with their resource endowments, industrial foundations, technological capacities,
and regional development strategies. These policies are important because they translate
national strategic objectives into concrete measures for industrial layout, demonstration
projects, infrastructure construction, and market cultivation. At the same time, because
local economic conditions, renewable energy resources, industrial capabilities, and ad-
ministrative priorities vary considerably, hydrogen policies across different province-level
administrative regions differ substantially in their content priorities, instrument choices,
governance levels, and implementation pace. This gives rise to an important question: how
are China’s provincial hydrogen industry policies organized into policy systems as reflected
in policy texts? To what extent do the policy themes, policy instruments, administrative
actors, governance levels, and timing arrangements within these systems exhibit structural
coverage, design completeness, and textual coordination?

Research on energy transitions provides important theoretical insights for understand-
ing this question. Energy transition is no longer understood as a linear process driven by a
single technological breakthrough or by isolated policy measures. Rather, it involves com-
plex interactions among technological systems, industrial sectors, market arrangements,
governance actors, and institutional environments. The analysis of energy policy therefore
needs to examine the connections among different technological systems, industrial sectors,
and governance processes, rather than focusing only on the use of individual policy instru-
ments [8]. Related studies have also shown that the effects of energy transition policies
do not depend solely on any single policy measure but are shaped by interactions among
policy objectives, institutional arrangements, governance capacities, and socio-technical
change [9]. Research on net-zero policy mixes and energy sector integration further sug-
gests that the low-carbon transition is not simply the result of expanding renewable energy
capacity; it also depends on the coordination of multiple policy instruments across in-
terdependent sectors [10]. Thus, for energy transition policy, the coordination among
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policy themes, policy instruments, governance levels, and industrial transformation needs
provides an important conceptual basis for understanding policy systems.

Hydrogen industry policy is particularly characterized by this need for coordina-
tion. Unlike the promotion of a single energy technology, hydrogen development must
address multiple issues simultaneously, including renewable energy supply, hydrogen
production–storage–transportation–refueling infrastructure, industrial decarbonization
scenarios, market demand formation, safety risk regulation, and sustainability certification.
The diffusion of hydrogen technologies is strongly affected by regional economic devel-
opment, infrastructure conditions, application barriers, and application scenarios, which
means that hydrogen policy cannot be understood apart from local industrial foundations
and application environments [11]. In hard-to-abate sectors such as steel, chemicals, and
transportation, the effectiveness of hydrogen applications also depends on the coordination
of technological learning, demand creation, carbon reduction incentives, and sector-specific
implementation mechanisms [12]. In addition, the development of renewable and low-
carbon hydrogen requires not only capacity expansion and project deployment but also
credible certification mechanisms, transparent standards, and legitimate governance ar-
rangements [13,14]. Therefore, a text-based evaluation of hydrogen industry policy should
not only ask whether policies have been issued or what content is included in policy texts;
it should also examine whether policy themes, instrument configurations, administrative
responsibilities, governance levels, regional conditions, and sustainability-oriented gover-
nance arrangements are sufficiently represented and structurally connected in the textual
design of provincial policy systems.

Existing studies on hydrogen industry policy have produced substantial findings
on policy content, policy comparison, policy coordination, and policy performance. In
different national contexts, research has gradually moved beyond the analysis of hydrogen
technology support policies toward the examination of hydrogen policy systems as a whole.
These studies show that hydrogen development is jointly shaped by energy strategies, reg-
ulatory frameworks, fiscal support, industrial policies, and innovation systems [15,16]. In
addition, different hydrogen application scenarios require differentiated policy instruments.
This is particularly true for green hydrogen, where policy design needs to provide stable
market signals, reduce investment uncertainty, and support the formation of demand-side
markets [17,18]. In major national practices, Germany’s hydrogen strategy places strong
emphasis on green hydrogen, industrial decarbonization, and the development of interna-
tional hydrogen supply chains [19]; the United Kingdom’s hydrogen strategy gives greater
attention to the commercial viability of low-carbon hydrogen projects, market support
mechanisms, and investment risk sharing [18]; and South Korea’s hydrogen industry policy
highlights the transition from early strategic advocacy to institutionalized policy promotion,
emphasizing the alignment between policy agendas, technological maturity, and industrial
readiness [20,21]. From the perspective of institutional–technological co-evolution, hydro-
gen development is not merely a process of technological diffusion but the result of the
joint effects of technological progress, institutional development, market formation, and
policy coordination [21,22].

Existing studies on China’s hydrogen industry policy have primarily focused on do-
mestic policy processes, local government action, and regional industrial promotion. They
suggest that hydrogen policies issued by Chinese local governments are generally aligned
with national strategic directions and that these policies mainly address key technological
breakthroughs, infrastructure construction, the improvement of the hydrogen production,
storage, transportation, and refueling chain, talent development, and industrial chain
innovation [23]. As the industry has continued to develop, policy attention has gradually
expanded to application scenarios, industrial scale, and economic benefits. However, local
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policy priorities vary significantly. Economically developed coastal regions in eastern
China tend to emphasize technological innovation, equipment manufacturing, and ap-
plication demonstrations, whereas resource-rich regions prioritize hydrogen production
and infrastructure construction by drawing on their advantages in renewable energy [24].
Other studies have pointed out that China’s hydrogen policy system still faces challenges
such as inconsistent industry standards, policy homogenization, insufficient cross-regional
coordination, and inefficient allocation of hydrogen-related resources [25–27]. Meanwhile,
to better capture the structural complexity of such policy frameworks, recent studies have
begun to employ text analytic methods, composite indices, and indicator systems to quanti-
tatively assess hydrogen policy readiness and strategic orientations [28–30]. Although these
studies are valuable, they have not sufficiently explained how provincial hydrogen policy
texts jointly constitute policy systems, how different components within these systems are
configured, or how such configurations reflect the development stage, policy orientation,
and governance challenges of China’s hydrogen industry policy.

Existing policy evaluation studies provide useful approaches for analyzing these is-
sues. One strand of research focuses on policy implementation effects, commonly using
quasi-experimental methods such as PSM-DID and double machine learning to evaluate
the impacts of policies in areas such as public health, environmental regulation, technology
finance, big data, and industrial land use [31–37]. Another strand focuses on policy text
evaluation, using topic models, natural language processing, content analysis, and PMC
index models to analyze policy priorities, textual structures, and text-based policy coher-
ence [38–40]. For this study, the second type of method is more appropriate because this
study does not seek to evaluate the actual implementation effects or industrial outcomes of
hydrogen policies. Instead, it focuses on the structural coordination and design complete-
ness of provincial hydrogen policy systems at the textual level. However, existing policy
text evaluation studies often use topic identification, policy instrument classification, and
PMC evaluation separately [41,42]. The analytical chain through which policy themes and
policy instruments are transformed into indicators for evaluating policy systems remains
insufficiently specified and thus requires further refinement.

Based on the above discussion, this study takes hydrogen industry policy texts from
China’s 31 province-level administrative regions as its research object and constructs a
textual analytical framework centered on “themes–instruments–text-based policy system
coherence” to examine the content structure, instrument configuration, and textual struc-
tural coordination of provincial hydrogen policy systems. It should be noted that the
term “provincial hydrogen industry policy system” in this study does not refer only to
policy documents issued by provincial governments. Rather, it refers to a regional policy
system composed of a set of policy texts issued by provincial-, municipal-, and county-level
governments and relevant departments within a province-level administrative region in
relation to hydrogen industry development1. Specifically, this study uses the LDA topic
model to identify policy themes, applies content analysis to classify policy instruments, and
then employs the PMC index model to evaluate the text-based structural coherence and
design completeness of provincial policy systems. Accordingly, this study seeks to answer
three questions. First, what thematic structure characterizes China’s provincial hydrogen
industry policy systems? Second, how are different policy instruments configured within
these systems? Third, what differences in PMC-based text-level structural coherence and
design completeness do hydrogen policy systems across different province-level admin-
istrative regions exhibit in terms of policy functions, issuing bodies, thematic coverage,
instrument configuration, target groups, content fields, issuing levels, design quality, and
timing arrangements?
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This study seeks to make three contributions. First, conceptually, it treats provincial
hydrogen policy not as a set of isolated policy documents, but as a policy system constructed
around province-level administrative units. This perspective makes it possible to examine
the multidimensional design of hydrogen industry policy across policy themes, policy
instruments, administrative actors, governance levels, target groups, content fields, and
temporal arrangements. Second, methodologically, this study develops a sequential text-
based analytical framework that links the LDA topic model, content analysis, and the PMC
index model. In this framework, LDA is used to identify the thematic structure of policy
texts, content analysis is used to classify policy instruments, and the PMC index model is
used as a standardized text-based evaluation tool to assess the structural coverage, design
completeness, and textual coordination of provincial hydrogen policy systems. This design
clarifies how policy themes and policy instruments can be incorporated into a broader
text-based evaluation of policy system coherence. Third, substantively, this study aims
to move beyond describing the content of provincial hydrogen policy texts by examining
how their thematic coverage, instrument configuration, and textual structural coordination
reflect, at the level of policy design, the development stage, policy orientation, regional
variation, and multilevel governance challenges of China’s hydrogen industry policy. In
doing so, the study provides a more systematic basis for understanding the formation logic
and potential weaknesses of local industrial policy systems in China’s energy transition
while offering policy implications for the design and coordination of hydrogen industry
policies in China and other countries.

2. Data Sources and Research Design
2.1. Data Sources

Policy text collection provides the empirical basis for the text-based evaluation of
provincial hydrogen industry policy systems. Following the principles of comprehen-
siveness, representativeness, and authoritativeness, this study collected hydrogen-related
policy documents issued by governments and relevant administrative departments at the
provincial, municipal, and county levels within China’s 31 province-level administrative
regions. In this study, a “provincial hydrogen industry policy system” does not refer
only to policy documents issued by provincial governments or provincial departments.
Rather, it refers to a set of policy texts issued by different levels of government and relevant
administrative actors within a province-level administrative region in relation to hydrogen
industry development. This definition makes it possible to examine the thematic structure,
instrument configuration, administrative participation, hierarchical linkage, and temporal
arrangements of hydrogen policy systems at the scale of province-level administrative
regions, as reflected in policy texts.

In the retrieval process, this study used keywords such as “hydrogen,” “hydrogen
energy,” “hydrogen industry,” “green hydrogen,” “fuel cell,” and “hydrogen refueling
station” to search the PKU Law database, the official websites of local governments and
relevant departments, and general search engines such as Baidu and Google. The official
websites of the central government and its departments were also used as supplementary
channels to verify local policy information, trace policy sources, and identify omitted
documents. However, national policy documents issued by the central government and
its departments were not included in the evaluation sample in order to avoid conflating
central policies with local policy systems. The retrieval period ended on 31 December
2025. After the initial collection, the documents were manually screened according to their
relevance, authority, and substantive policy content. This study retained policy documents
containing clear regulatory, planning, guiding, or supportive content, including laws and
regulations, guiding opinions, implementation measures, development plans, action plans,
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and implementation schemes. Documents with relatively weak policy binding force or
limited analytical relevance, such as policy interpretations, research reports, resolutions,
approvals, news releases, and repealed documents, were excluded. For comprehensive
policies involving multiple energy or industrial fields, only the sections directly related to
hydrogen industry development were included in the corpus, whereas dedicated hydro-
gen policy documents were included in full. Duplicate documents and documents only
marginally related to hydrogen were also removed.

Based on these criteria, 315 policy documents were ultimately selected. These doc-
uments constitute the basic corpus for the text-based evaluation of China’s provincial
hydrogen industry policy systems. More importantly, the corpus does not merely serve
as a collection of individual policy texts; it defines the empirical boundary of the provin-
cial hydrogen industry policy systems examined in the following sections. Due to space
limitations, Table 1 lists only selected representative hydrogen industry policy texts.

Table 1. Sample of China’s hydrogen industry policies (selected).

Region Policy Title Year of Issuance

Liaoning Province Hydrogen Industry Development Plan of Liaoning Province
(2021–2025) 2022

Jilin Province Medium- and Long-Term Development Plan of “Hydrogen-Powered
Jilin” (2021–2035) 2022

Heilongjiang Province 14th Five-Year Plan for Scientific and Technological Innovation in
Heilongjiang Province 2021

Beijing Municipality Implementation Plan for the Development of the Hydrogen Industry
in Beijing (2021–2025) 2021

Tianjin Municipality Action Plan for the Development of the Hydrogen Industry in Tianjin
(2020–2022) 2020

. . . . . . . . .

Fujian Province Action Plan for Hydrogen Industry Development in Fujian Province
(2022–2025) 2022

Guizhou Province 14th Five-Year Plan for Hydrogen Industry Development in Guizhou
Province 2022

Guangdong Province Opinions on Accelerating the Innovative Development of the
Hydrogen Industry in Guangdong Province 2023

Guangxi Province Medium- and Long-Term Development Plan for the Hydrogen
Industry in Guangxi (2023–2035) 2023

Hainan Province Medium- and Long-Term Development Plan for the Hydrogen
Industry in Hainan Province (2023–2035) 2023

2.2. Analytical Framework for Text-Based Policy System Coherence

This study takes text-based policy system coherence as its core evaluative concept.
In the public policy literature, the concepts of “policy mixes” and “policy coherence”
have been widely theorized to emphasize that multiple policy goals and instruments
within a given domain should be logically consistent and mutually supportive, rather
than fragmented or contradictory [43,44]. Building on this theoretical foundation, this
study operationalizes policy system coherence for a quantitative, text-based evaluation.
In this study, policy system coherence does not refer to the linguistic coherence of policy
texts, nor does it directly measure actual policy coordination, implementation synergy,
or the empirical functional interaction among policy components in practice. Rather, it
refers to the degree of textual coverage, design completeness, and structural coordination
among key components of a provincial hydrogen industry policy system, including policy
themes, policy instruments, administrative actors, governance levels, target groups, content
fields, and timing arrangements. Therefore, the focus of this study is to examine whether
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the textual design structure of provincial hydrogen industry policy systems is relatively
complete, structurally connected, and continuous.

The provincial hydrogen industry policy system in this study refers to a policy text con-
figuration formed by a series of interrelated policy texts issued by provincial-, municipal-
, and county-level governments and relevant departments within a province-level ad-
ministrative region. Compared with a single policy document, a system-level analytical
perspective can better capture the policy orientation, instrument choices, administrative
participation, hierarchical arrangements, and temporal layout of a region in promoting
hydrogen industry development.

The use of policy system coherence as the object of evaluation is mainly based on
the composite nature of hydrogen industry policy and the text-based research design of
this study. On the one hand, hydrogen industry development involves multiple segments,
including technological innovation, industrial chain construction, infrastructure deploy-
ment, market application, safety regulation, standards development, and green transition,
and a single policy text often cannot fully present these policy arrangements. On the
other hand, because this study is based on policy texts, it evaluates thematic coverage,
instrument configuration, and structural coordination at the textual level, rather than policy
implementation effects or industrial development outcomes.

Around the concept of text-based policy system coherence, this study constructs an
analytical framework of “themes–instruments–text-based coherence.” First, policy themes
reflect the content structure of provincial hydrogen industry policy systems. This study
uses the LDA topic model to identify the thematic distribution and content priorities of
policy texts. Second, policy instruments reflect the action structure of policy systems. Based
on established policy instrument theory, this study applies content analysis to identify the
main types of policy instruments and hydrogen industry-specific sub-instruments. Third,
the PMC index model is used as a standardized text-based evaluation tool to assess the
structural coverage, design completeness, and textual coordination of provincial policy sys-
tems across multiple dimensions. Unlike studies that evaluate single policy documents, this
study takes province-level administrative regions as the unit of evaluation and incorporates
policy functions, issuing bodies, policy themes, policy instruments, target groups, content
fields, issuing levels, design elements, and timing arrangements into the evaluation system.

Therefore, this study integrates the LDA topic model, content analysis-based policy
instrument coding, and the PMC index model to form a sequential analytical chain. As
shown in Figure 1, the LDA topic model is used to identify the content structure of the
policy system, while content analysis is used to reveal its instrument structure. These
two steps respectively provide empirical inputs for the thematic coverage and instrument
configuration dimensions of the PMC indicator system. On this basis, the PMC index
model converts the coverage, configuration, and linkage of different structural dimensions
into comparable indicators for evaluating policy system coherence.

As shown in Table 2, this study operationalizes the analytical framework for text-
based policy system coherence into seven components: the boundary of the policy system,
content structure, instrument structure, administrative structure, hierarchical and temporal
structure, text-based policy system coherence, and textual structural weaknesses. Among
them, the boundary of the policy system defines the empirical object of this study; content
structure and instrument structure correspond to the results of LDA-based topic identifica-
tion and content analysis-based policy instrument coding, respectively; and administrative
structure, as well as hierarchical and temporal structure, is transformed into PMC evalua-
tion indicators through policy text information extraction. On this basis, the PMC index
model provides a standardized comparison of structural coverage, design completeness,
and textual linkage among different dimensions. It further identifies potential weaknesses
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in provincial hydrogen industry policy systems in terms of thematic coverage, instrument
configuration, actor participation, hierarchical linkage, and temporal continuity as reflected
in policy texts. Thus, Table 2 not only explains the operationalization process of the analyti-
cal framework but also presents the sequential relationship among LDA, content analysis,
and the PMC index model.

Figure 1. Analytical framework of the study.

Table 2. Operationalization of the analytical framework for text-based policy system coherence.

Analytical
Component Operational Meaning in This Study Analytical Method Role in the Overall

Framework

Boundary of the
policy system

Hydrogen industry policy documents issued by
provincial-, municipal-, and county-level

governments and relevant departments within
China’s 31 province-level administrative regions

Policy corpus
construction

Defines the empirical scope of
the policy systems analyzed

Content structure Thematic priorities and content distribution of
provincial hydrogen industry policy systems LDA topic model

Identifies major policy themes
and supports the evaluation

of thematic coverage

Instrument
structure

Main types of policy instruments and
hydrogen-industry-specific sub-instruments

embedded in policy texts
Content analysis

Reveals the structure of policy
instruments and supports the

evaluation of instrument
configuration

Administrative
structure Issuing bodies, target groups, and content fields

Policy text information
extraction and

indicator construction

Captures horizontal
administrative participation,

coverage of policy targets, and
coverage of governance fields

Hierarchical and
temporal structure Issuing levels and timing arrangements

Policy text information
extraction and

indicator construction

Captures vertical policy
linkage and the continuity of

policy support

Text-based policy
system coherence

Structural coverage, design completeness, and
textual coordination among different

components of the policy system as reflected in
policy texts

PMC index model

Compares PMC-based
text-level coherence scores

across province-level
administrative regions

Textual structural
weaknesses

Weak links in thematic coverage, instrument
configuration, administrative participation,
vertical linkage, and temporal continuity

Comparative analysis

Identifies design imbalances
and regional differences in the
textual structure of provincial

policy systems
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It should be noted that this study does not use the PMC index model to evaluate
policy implementation effects. Instead, it employs the PMC index model as a standardized
text-based evaluation tool for measuring the structural coverage, design completeness,
and textual coordination of provincial policy systems. Therefore, the PMC score obtained
in this study should be understood as a “PMC-based text-level policy system coherence
score,” rather than as an indicator of policy effectiveness, policy performance, industrial
development outcomes, or actual implementation synergy. In addition, the equal weighting
strategy used in the PMC model is intended to provide a standardized comparison across
province-level administrative regions. It does not imply that each dimension has equal
causal importance in practice. The secondary indicators in the PMC system should also be
understood as operational observation items nested under broader evaluation dimensions,
rather than as independent theoretical dimensions of policy system coherence. Through
this framework, this study examines how policy themes, instruments, administrative actors,
governance levels, and timing arrangements are represented and structurally connected in
policy texts and whether provincial hydrogen industry policy systems exhibit text-based
structural coherence and design completeness.

3. Thematic Structure and Instrument Configuration of China’s
Provincial Hydrogen Industry Policy Systems
3.1. The Thematic Structure of Provincial Hydrogen Industry Policy Systems
3.1.1. LDA Topic Model for Identifying Policy System Themes

Policy themes reflect the major issues, development priorities, and governance con-
cerns contained in policy texts [45]. In this study, policy themes constitute the content
structure of provincial hydrogen industry policy systems and provide an empirical input
for the subsequent PMC-based text-level evaluation of policy system coherence. If a provin-
cial policy system covers only a narrow range of themes in its policy texts, it may provide
an insufficient textual basis for addressing the complex requirements of hydrogen industry
development. Conversely, broader and more balanced thematic coverage indicates that
policy texts provide a more complete textual basis for connecting industrial development,
technological innovation, policy support, regulatory governance, and implementation
management at the level of policy design.

This study uses the latent Dirichlet allocation (LDA) topic model to identify the latent
thematic structure of the policy corpus. LDA is a widely used unsupervised topic modeling
method that estimates the probability distribution of topics within documents and the
probability distribution of terms within topics [46]. It is suitable for identifying recurring
themes in large-scale policy text corpora. This study applies the LDA model to 315 hydrogen
industry policy documents issued within China’s 31 province-level administrative regions.
For comprehensive policy documents, only the sections directly related to the hydrogen
industry were used as analytical text units. For dedicated hydrogen policy documents, the
full policy text was used as the analytical unit.

The text preprocessing procedure consisted of four main steps. First, policy texts were
imported using Python 3.14 (64-bit), and irrelevant formatting information, repeated con-
tent, and non-substantive textual noise were removed. Second, Chinese word segmentation
was conducted using the Jieba tool [47]. Third, function words and low-information terms
were removed using a stop-word list. To improve the accuracy of word segmentation in
the hydrogen policy context, this study added domain-specific terms such as “fuel cell,”
“green hydrogen,” “hydrogen production,” “hydrogen storage,” and “hydrogen refueling
station” to the customized dictionary. Fourth, the gensim toolkit was used to construct the
dictionary and document–term corpus, on which the LDA topic modeling was performed.
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Determining the number of topics is a key step in LDA modeling, as it directly affects
model performance and topic interpretability. To avoid relying on a single criterion, this
study compared different topic number solutions by considering perplexity, topic coherence,
and manual interpretability. Specifically, LDA models with topic numbers ranging from
K = 2 to K = 11 were estimated, and the perplexity and topic coherence scores of each model
were calculated. Perplexity was used to assess model fit, while topic coherence was used to
evaluate the semantic consistency among the high-probability terms within each topic.

Perplexity(D) = exp

{
−∑M

i=1 Inp(di)

∑M
i=1 Ni

}
(1)

Figure 2 shows the variation in LDA model performance under different numbers of
topics. As the number of topics increases, perplexity generally declines, indicating that
models with more topics tend to achieve better statistical fit. However, lower perplexity
does not necessarily imply stronger substantive interpretability. Therefore, this study
also considered topic coherence and policy interpretability when determining the optimal
number of topics. Figure 2 shows that the topic coherence score reaches its highest value
when K = 5. Although the coherence scores are also relatively high when K = 10 and K = 11,
manual reading and topic interpretation indicate that these solutions tend to over-fragment
substantively related policy issues into more scattered topics, thereby reducing the clarity
of policy interpretation. By contrast, the five-topic solution maintains a relatively high level
of semantic coherence while producing a more concise and interpretable thematic structure.

 

Figure 2. Model validation results under different numbers of topics: perplexity and topic coher-
ence scores.

In addition to statistical indicators, this study also manually examined representative
policy texts to compare the substantive meanings of different topic number solutions.
When the number of topics was fewer than five, important policy dimensions such as
policy support, industrial development, and operational management tended to be merged
into broad and weakly differentiated topics. When the number of topics exceeded five,
some topics became fragmented and overlapped in policy meaning, especially across
industrial chain construction, infrastructure deployment, and implementation management.
Therefore, this study ultimately selected the five-topic solution, as it achieved a reasonable
balance among model fit, topic coherence, parsimony, and substantive interpretability.
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3.1.2. Topic Distribution and Interpretation

Based on the five-topic LDA model, this study identified five major themes in China’s
provincial hydrogen industry policy systems: hydrogen industry development, hydro-
gen technological innovation, hydrogen policy support, hydrogen industry regulation,
and hydrogen operational management. Topic prevalence was calculated based on the
document–topic distribution generated by the LDA model, that is, by averaging the topic
probabilities across all policy texts. Table 3 reports the topic categories, top high-probability
terms, and topic prevalence.

Table 3. Topic categories and high-probability terms.

No. Topic Category Top 10 High-Probability Terms Topic Prevalence (%)

1 Hydrogen industry
development

hydrogen production; energy; sector; equipment;
industrial chain; hydrogen storage; planning; transport;

resources; layout
35.64

2 Hydrogen technological
innovation

sector; industrial chain; core; technology; key; enterprises;
platform; equipment; talent; reform 21.83

3 Hydrogen policy support subsidies; incentives; hydrogen production; centers;
standards; funding; sector; investment; equipment; energy 13.49

4 Hydrogen industry
regulation

energy storage; entities; responsibilities; standards;
hydrogen production; new energy; sector; energy;

equipment; industry
17.89

5 Hydrogen operational
management

energy; planning; management; work; application;
departments; entities; emergency; operation; capacity 11.09

As shown in Table 3, some high-probability terms appear across multiple topics,
such as “energy,” “industry,” “equipment,” and “hydrogen production.” This pattern is
partly attributable to the strong domain concentration of hydrogen industry policy texts.
These terms have background significance in the hydrogen policy field and therefore
appear across different policy issues. Accordingly, the repetition of high-probability terms
does not necessarily indicate invalid topic classification. Rather, it reflects the semantic
interconnections among different components of hydrogen policy design. To improve the
accuracy of topic interpretation, this study assigned topic labels not only on the basis of
high-probability terms but also by considering representative policy statements and the
specific policy contexts in which these terms appeared.

The first topic is hydrogen industry development, with a topic prevalence of 35.64%,
the highest among the five topics. This topic mainly involves hydrogen production, hydro-
gen storage, hydrogen equipment, industrial chain construction, infrastructure deployment,
resource allocation, and industrial base development. This indicates that China’s provincial
hydrogen policy texts place strong emphasis on building industrial foundations and shap-
ing the spatial layout of the hydrogen industry. Given that hydrogen remains an emerging
strategic industry whose development depends heavily on infrastructure construction,
industrial chain formation, and demonstration projects, the strong presence of this topic in
policy texts is understandable.

The second topic is hydrogen technological innovation, with a topic prevalence of
21.83%. This topic focuses mainly on core technologies, key equipment, innovation plat-
forms, enterprise cultivation, and talent support, reflecting the considerable attention given
in provincial policy texts to enhancing the innovation capacity of the hydrogen industrial
chain. Hydrogen is characterized by a long technological chain and high technical barriers,
and technological innovation is therefore an important condition for industrial upgrading
and long-term competitiveness. Within the policy system, the technological innovation
theme supports industrial development and capacity building.
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The third topic is hydrogen policy support, with a topic prevalence of 13.49%. This
topic mainly includes subsidies, rewards, fiscal support, investment guidance, special
funds, and related standards. It indicates that provincial policy texts express an attempt to
reduce investment uncertainty and promote the early-stage development of the hydrogen
industry through policy resources and institutional support. It should be noted that policy
support as a topic is not equivalent to all supportive policy instruments. Rather, it reflects
a concentrated textual expression around fiscal resources, funding, subsidies, rewards,
and standards.

The fourth topic is hydrogen industry regulation, with a topic prevalence of 17.89%.
This topic emphasizes responsibility allocation, standards development, safety regulation,
risk prevention and control, and industry norms across hydrogen production, storage,
transportation, refueling, and application. This suggests that regulatory issues have be-
come an important component represented in the textual design of provincial hydrogen
policy systems. Because hydrogen involves multiple safety-sensitive segments, regula-
tion and standardization are important conditions for ensuring orderly and sustainable
industrial development.

The fifth topic is hydrogen operational management, with a topic prevalence of 11.09%.
This topic mainly concerns project application and approval, departmental coordination,
routine management, emergency response, implementation arrangements, and operational
capacity. Compared with industrial development and technological innovation, this topic is
more closely related to policy implementation and continuous governance. Although it has
the lowest prevalence among the five topics, it is important for representing implementation
arrangements and continuous governance requirements in policy design.

Overall, the LDA results show that China’s provincial hydrogen industry policy texts
present a thematic structure centered on industrial development, supported by techno-
logical innovation and policy support, and supplemented by industry regulation and
operational management. The distribution of topic prevalence indicates that industrial
development and technological innovation occupy relatively high shares, while policy
support, industry regulation, and operational management have lower shares. This sug-
gests that, in terms of textual content structure, provincial hydrogen policy systems place
stronger emphasis on industrial layout, capacity building, and technological support.

3.2. Instrument Configuration of Provincial Hydrogen Industry Policy Systems
3.2.1. Framework for Identifying Policy Instruments

Policy instruments refer to the means through which governments seek to achieve
policy objectives, and they constitute an important dimension for understanding the op-
erational structure of policy systems [48]. In the context of the hydrogen industry, policy
instruments indicate not only whether governments provide support, but also how govern-
ments organize resources, shape markets, allocate responsibilities, and promote industrial
development. To identify the instrument structure of China’s provincial hydrogen industry
policy systems, this study applies content analysis to code the policy instruments embed-
ded in policy texts. Content analysis is a systematic and replicable research method used
to quantify and analyze the presence, meanings, and relationships of specific concepts
within qualitative data [49]. By transforming unstructured policy language into structured
categorical data, this method allows for a more objective, transparent, and reproducible
evaluation of the policy system’s configurational structure [50,51].

This study first developed an initial first-level classification framework for policy in-
struments based on existing policy instrument theory. Drawing on the distinction among
command instruments, incentive instruments, capacity-building instruments, symbolic and
hortatory instruments, and system-changing instruments in policy instrument studies [52],
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this study initially classified hydrogen industry policy instruments into five types. Command
instruments refer mainly to governmental actions that constrain or regulate the behavior
of relevant actors through rules, requirements, responsibilities, and regulation. Incentive
instruments refer mainly to governmental actions that reduce the costs of enterprises and mar-
ket actors through fiscal support, rewards, subsidies, tax preferences, and financial support.
Capacity-building instruments refer mainly to governmental actions that enhance industrial
development capacity through infrastructure, innovation platforms, talent cultivation, and
industrial chain development. Symbolic and hortatory instruments refer mainly to governmen-
tal actions that generate policy signals and social recognition through demonstration, publicity,
advocacy, environmental improvement, and market expectation guidance. System-changing
instruments refer mainly to governmental actions that adjust the institutional environment for
industrial development through institutional arrangements, rule restructuring, mechanism
innovation, and cross-departmental coordination.

On the basis of this first-level classification framework, this study further identi-
fied second-level instruments from hydrogen industry policy texts. The coding units
were policy clauses, sentence groups, or policy measure units with independent policy
meanings. When a policy clause contained multiple instrument meanings, it was coded
according to its main policy function; when a compound clause contained several clearly
independent instrument meanings, it was divided into multiple coding units. In terms
of counting rules, if the same second-level policy instrument appeared repeatedly in
the same policy document, it was counted only once. If different second-level instru-
ments appeared in the same policy document, they were counted separately. Through
this procedure, this study retained the explanatory framework of established policy
instrument theory while also inductively identifying specific second-level instruments
that were more closely aligned with hydrogen industry policy. The final coding process
formed a hierarchical structure of “policy text clause–initial category–second-level policy
instrument–first-level instrument type.”

To improve the reliability and operability of the coding framework, this study invited
three experts from government departments and universities to participate in the review of
the coding framework and the coding of policy texts2. The selection of the three experts
was based mainly on professional complementarity and coding feasibility. Specifically,
the experts had relevant experience in policy implementation, public policy analysis, and
industrial policy research, respectively, enabling them to assess policy instrument classifica-
tion from the perspectives of policy practice, policy instrument theory, and industrial policy
analysis. At the same time, the number of experts allowed for necessary cross-checking
while avoiding excessive coordination costs.

In the specific coding process, this study first randomly selected two-thirds of the
policy texts, namely 210 policy documents, and asked the three experts to code them
independently according to the initial instrument classification framework. After inde-
pendent coding and comparison of the results, the initial coding agreement rate among
the three experts was 76.9%. This result indicates that the policy instrument classification
framework was generally identifiable and operational, although some coding boundaries
remained ambiguous. For coding items with disagreements, the research team returned
to the original policy clauses and revised the labels, initial categories, and boundaries of
second-level instruments by considering the specific wording of the policy texts, policy
targets, administrative responsibilities, and industrial development context until consensus
was reached.

On this basis, the remaining one-third of the policy texts, namely 105 policy doc-
uments, were used for a classification saturation check to determine whether any new
second-level policy instruments would emerge. The results showed that no new second-
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level instruments appeared in the remaining 105 policy documents, indicating that the
policy instrument coding framework had reached classification saturation. The research
team then applied the finalized coding framework to all 315 policy texts and calculated the
frequency of policy instruments. Ultimately, this study identified ten second-level policy
instruments under the five first-level instrument types: organizational support, safety
regulation, fiscal subsidies, talent development, infrastructure, innovation environment,
industrial development, business environment, government demand, and institutional
supply. Table 4 reports the policy instrument types, second-level instruments, initial cate-
gories, representative policy expressions, and frequencies identified in provincial hydrogen
industry policy systems. The frequencies reported in Table 4 should be interpreted as
descriptive text-coding results. They indicate how frequently different policy instruments
are represented in policy texts, rather than the causal importance, implementation intensity,
or practical effectiveness of these instruments.

At the first-level instrument level, capacity-building instruments appeared most fre-
quently, with 594 occurrences, accounting for 55.87% of all instrument frequencies. This
indicates that provincial hydrogen industry policy texts mainly emphasize industrial
development, innovation environment, infrastructure, and talent development as major
capacity-building instruments. Incentive instruments appeared 163 times, accounting for
15.33%, and were mainly reflected in fiscal subsidies, financial rewards, and investment
support. Command instruments appeared 131 times, accounting for 12.32%, and mainly
involved organizational support and safety regulation. Symbolic and hortatory instruments
appeared 100 times, accounting for 9.41%, and mainly included business environment and
government demand. System-changing instruments appeared 75 times, accounting for
7.06%, and were mainly reflected in institutional supply and rule arrangements.

Table 4. Coding framework and frequency distribution of policy instruments in provincial hydrogen
industry policies.

First-Level Policy
Instrument Frequency Sub-Policy

Instrument Frequency Initial Category Representative Policy Expression

Command
instruments

(12.32%)
131

Organizational
support 62

Strengthening
organizational

leadership

Establish a systematic and scientific
organizational support system for the

hydrogen industry.

Establishing a leading
group

Set up a dedicated task force for the hydrogen
industry to provide organizational support for

industrial implementation.
Clarifying

departmental
responsibilities

Clearly define the boundaries of departmental
responsibilities to avoid overlap or gaps

in functions.

Safety
regulation 69

Strengthening safety
management

Establish a full-chain safety supervision
mechanism to ensure the safe and orderly

development of the hydrogen industry.

Enhancing safety
publicity

Popularize hydrogen safety knowledge and
improve the safety awareness and prevention

capacity of practitioners.

Incentive
instruments

(15.33%)
163 Fiscal

subsidies
163

Providing policy
subsidies

Provide fiscal subsidies for the hydrogen
industry and its related sectors.

Establishing special
funds

Integrate various funding resources and
establish dedicated funds for the hydrogen

industry and related sectors.

Optimizing fund
approval procedures

Simplify the procedures for applying for,
reviewing, and disbursing funds related to the

hydrogen industry.
Technology finance

support
Use financial instruments to promote the

incubation of hydrogen technology innovation.
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Table 4. Cont.

First-Level Policy
Instrument Frequency Sub-Policy

Instrument Frequency Initial Category Representative Policy Expression

Capacity-
building

instruments
(55.87%)

594

Talent
development 95

Cultivating hydrogen
talent

Jointly establish talent training bases with
universities, research institutes, and enterprises.

Attracting hydrogen
talent

Formulate special talent recruitment plans to
attract professionals in the hydrogen field.

Stimulating talent
potential

Enhance the enthusiasm of hydrogen talent for
innovation and creation through talent
evaluation and incentive mechanisms.

Infrastructure 87

Ensuring hydrogen
supply

Coordinate the planning of hydrogen
production layouts to ensure a stable

hydrogen supply.
Constructing

hydrogen refueling
facilities

Accelerate the construction of hydrogen
refueling infrastructure.

Building hydrogen
transport networks

Establish interconnected hydrogen transport
networks covering key regions.

Expanding land
supply

Prioritize land supply for key hydrogen
industry projects.

Innovation
environment 170

Promoting innovative
application scenarios

Promote pilot projects and large-scale
application scenarios for hydrogen.

Building innovation
platforms

Provide incubation carriers and support systems
for hydrogen technological innovation.

Industrial
development 242

Cultivating backbone
enterprises

Provide focused support for hydrogen
enterprises with technological advantages and

market potential.
Creating industrial

hubs
Develop hydrogen industry demonstration

bases with regional influence.

Building a full-chain
ecosystem

Improve upstream and downstream industrial
chain coordination and form a mutually

supportive industrial ecosystem.

Symbolic and
hortatory

instruments
(9.41%)

100

Business
environment 53

Strengthening
investment promotion

Publicize regional hydrogen industry
advantages and support policies to attract

high-quality enterprises.
Strengthening

cooperation and
exchanges

Promote technical exchanges and project
cooperation among domestic and international

hydrogen-related actors.
Optimizing

administrative
approval

Streamline administrative approval procedures
for hydrogen-related projects.

Strengthening
assessment incentives

Establish assessment mechanisms for hydrogen
industry development.

Government
demand 47

Formulating task lists Clarify responsible entities, time limits, and
acceptance criteria.

Expanding
government
procurement

Include hydrogen-related products and services
in government procurement catalogs to

stimulate market applications.

Issuing project plans
Formulate special development plans for the

hydrogen industry to provide clear guidance for
market actors.

System-changing
instruments

(7.06%)
75

Institutional
supply 75

Improving hydrogen
policies

Revise and supplement hydrogen-related policy
documents to form a systematic

support framework.

Promoting policy
implementation

Establish follow-up and supervision
mechanisms for the implementation of

hydrogen policies.
Establishing

industrial standards
Establish technical, safety, and management

standards for the hydrogen industry.

At the second-level instrument level, industrial development was the most frequently
used instrument, appearing 242 times and accounting for 22.77% of all instrument frequen-
cies. It was followed by innovation environment, which appeared 170 times and accounted
for 15.99%, and fiscal subsidies, which appeared 163 times and accounted for 15.33%. These
three instruments together constitute the most frequently represented action modes in
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provincial hydrogen industry policy texts. By contrast, government demand, business
environment, and institutional supply appeared relatively less frequently, with 47, 53, and
75 occurrences, respectively. This result suggests that provincial hydrogen industry policy
texts place greater emphasis on industrial cultivation, innovation support, and resource
input, while instruments related to demand-side traction, environmental improvement,
and institutional restructuring are less frequently represented.

3.2.2. Instrument Configuration and Regional Differences

To further analyze regional differences in the instrument configuration of hydrogen
industry policy systems, this study grouped province-level administrative regions into
seven regions: Northeast China, North China, Central China, East China, Northwest
China, Southwest China, and South China. It then calculated the internal composition of
policy instruments within each region. Table 5 reports the frequencies of different policy
instruments in each region and their shares in the total number of coded policy instrument
units within that region.

Table 5. Regional use of policy instruments.

Command
Instruments

Incentive
Instruments

Capacity-Building
Instruments

Symbolic and
Hortatory Instruments

System-Changing
Instruments

Frequency Share
(%) Frequency Share

(%) Frequency Share
(%) Frequency Share

(%) Frequency Share
(%)

Northeast
China 5 10.42 6 12.5 28 58.33 5 10.42 4 8.33

North
China 30 13.22 38 16.74 120 52.86 22 9.69 17 7.49

Central China 13 13.98 13 13.98 50 53.76 11 11.83 6 6.45
East

China 32 12.36 46 17.76 135 52.12 25 9.65 21 8.11

Northwest
China 24 11.48 20 9.57 140 66.99 16 7.66 9 4.31

Southwest
China 18 12.77 18 12.77 85 60.28 13 9.22 7 4.96

South
China 9 10.47 22 25.58 36 41.86 8 9.3 11 12.79

Total 131 12.32 163 15.33 594 55.87 100 9.41 75 7.06

Note: Percentages for each region indicate the share of each policy instrument type among all coded policy
instrument units within that region. In the Total row, percentages indicate the share of each policy instrument
type in the full sample.

As shown in Table 5, capacity-building instruments account for the largest share in
all seven regions, indicating that capacity-building is the dominant instrument orientation
across provincial hydrogen industry policy systems. However, the internal composition
of instruments differs across regions. Northwest China has the highest share of capacity-
building instruments, at 66.99%, followed by Southwest China at 60.28% and Northeast
China at 58.33%. This suggests that policy texts in these regions place stronger emphasis
on resource development, infrastructure construction, and industrial foundation building.
By contrast, the shares of capacity-building instruments in East China, North China, and
Central China are lower than the national average, while incentive instruments account for
relatively higher shares in East China and North China. This indicates that policy texts in
these regions give greater attention to fiscal support, market cultivation, and enterprise
incentives while maintaining a capacity-building orientation.

South China shows a more distinctive instrument structure. Its share of capacity-
building instruments is 41.86%, lower than that of other regions, while the shares of
incentive instruments and system-changing instruments are relatively high, at 25.58%
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and 12.79%, respectively. This suggests that hydrogen industry policy texts in South
China contain stronger elements of market incentives and institutional supply. In con-
trast, the policy texts of Northwest China and Southwest China show a stronger reliance
on capacity-building instruments, reflecting the policy priorities of regions with stronger
resource endowments but relatively greater needs for infrastructure and industrial
foundation development.

Overall, the instrument configuration represented in China’s provincial hydrogen in-
dustry policy texts shows a clear capacity-building orientation and regional differentiation.
Capacity-building instruments dominate the overall instrument structure, indicating that
provincial policy texts place strong emphasis on industrial foundations, infrastructure,
innovation platforms, enterprise cultivation, and talent support. At the regional level,
different regions exhibit different text-based instrument profiles: resource-oriented re-
gions tend to emphasize infrastructure and industrial capacity, while regions with stronger
manufacturing and market foundations show greater textual representation of incentive
and system-changing instruments. These results suggest that provincial hydrogen pol-
icy systems have developed a basic instrument configuration at the textual design level,
but imbalances remain among instrument types and across regions. This provides an
important empirical basis for the subsequent PMC-based text-level evaluation of policy
system coherence.

4. Evaluation of Text-Based Policy System Coherence Based on the PMC
Index Model
4.1. Construction of the PMC-Based Textual Evaluation Model

In this study, policy system coherence specifically refers to the design completeness and
structural coordination among different components of a policy system as reflected strictly
at the level of textual design. It evaluates whether a provincial hydrogen industry policy
system forms a relatively coordinated textual structure in terms of policy functions, issuing
bodies, thematic coverage, instrument configuration, target groups, content fields, issuing
levels, design quality, and timing arrangements. Therefore, the focus of this evaluation
is the internal structure of policy texts, rather than the actual outcomes generated after
policy implementation.

The policy modeling consistency index model, commonly known as the PMC index
model, was proposed by Ruiz Estrada and is widely used for the quantitative evaluation
of policy texts. The model enables systematic analysis of policy texts across multiple
dimensions and provides a composite score for comparing the structural characteristics of
different policy systems [53,54]. This study introduces the PMC index model to evaluate
the text-based policy system coherence of China’s provincial hydrogen industry policy
systems. Unlike approaches that directly evaluate individual policy documents, this study
takes provincial policy systems as the unit of evaluation. That is, all hydrogen-related
policy texts issued within each province-level administrative region are treated as a policy
system, and the PMC index model is used to examine whether this policy system presents
a relatively complete and coordinated textual structure.

The construction of the PMC indicator system in this study incorporates the results of
the LDA topic model and content analysis-based policy instrument coding. Specifically, the
LDA topic model provides the empirical basis for the thematic coverage dimension, while
policy instrument coding provides the empirical basis for the instrument configuration
dimension. In this way, the PMC index model functions as a standardized text-based
evaluation tool, whereas LDA-based topic identification and content analysis-based policy
instrument coding provide empirical inputs for specific dimensions of the coherence
evaluation. This design also clarifies the sequential relationship among the three analytical
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procedures: LDA identifies the content structure of the policy system, content analysis
identifies its instrument structure, and the PMC index model integrates these results with
administrative, hierarchical, and temporal information to evaluate text-based structural
coverage, design completeness, and textual coordination.

Based on the results of LDA topic analysis, content analysis-based policy instrument
coding, and existing studies using the PMC index model, this study constructs an evaluation
indicator system for the text-based policy system coherence of China’s provincial hydrogen
industry policy systems. The PMC evaluation model includes nine first-level variables and
42 second-level variables, as shown in Table 6.

Table 6. PMC evaluation model for text-based policy system coherence in China’s provincial hydrogen
industry policy systems.

First-Level Variable Second-Level Variable Source of Variable Description

X1 Policy function X1:1 Prediction; X1:2 Supervision; X1:3
Recommendation; X1:4 Support Ruiz Estrada [42] Reflects the main functions

performed by policy texts

X2 Issuing body

X2:1 Development and reform departments;
X2:2 Energy departments; X2:3 Industrial

management departments; X2:4 Science and
technology departments; X2:5 Finance

departments

Policy text analysis Reflects the core departments
involved in policy formulation

X3 Thematic coverage

X3:1 Hydrogen industry development; X3:2
Hydrogen technological innovation; X3:3
Hydrogen policy support; X3:4 Hydrogen

industry regulation; X3:5 Hydrogen
operational management

LDA topic analysis Established on the basis of topic
model extraction results

X4 Instrument
configuration

X4:1 Organizational support; X4:2 Safety
regulation; X4:3 Fiscal subsidies; X4:4 Talent

development; X4:5 Infrastructure; X4:6
Innovation environment; X4:7 Industrial

development; X4:8 Business environment; X4:9
Government demand; X4:10

Institutional supply

Content analysis Established on the basis of policy
instrument coding results

X5 Target groups X5:1 Government; X5:2 Enterprises; X5:3
Talent; X5:4 Others Policy text analysis Reflects the primary targets

directly addressed by policies

X6 Content domains X6:1 Political; X6:2 Economic; X6:3 Social;
X6:4 Ecological Zhang and Qie [55] Reflects the main domains

covered by policy contents

X7 Issuing-level X7:1 Provincial-level; X7:2 Municipal-level;
X7:3 County-level Policy text analysis

Reflects vertical linkage among
different governance levels in

policy issuance

X8 Design quality X8:1 Sufficient basis; X8:2 Clear objectives; X8:3
Scientific scheme; X8:4 Detailed planning Cai et al. [56]

Reflects the standardization and
completeness of policy

text design
X9 Temporal
arrangement

X9:1 Long-term (>5 years); X9:2 Medium-term
(3–5 years); X9:3 Short-term (<3 years) Qi et al. [57] Reflects the temporal

arrangement of policy duration

The indicator system follows the logic of text-based policy system coherence. Policy
functions reflect the basic functional orientation of the policy system. Issuing bodies capture
horizontal departmental participation. Thematic coverage reflects the completeness of
the policy content structure identified by the LDA topic model. Instrument configuration
reflects the specific policy instrument structure identified through content analysis. Target
groups and content fields capture the coverage of policy objects and governance fields.
Issuing levels reflect vertical policy linkage as represented in policy issuance. Design quality
reflects the standardization and completeness of policy text design. Timing arrangements
reflect the continuity of policy support as reflected in policy texts. It should be noted that
the 42 secondary variables are not treated as 42 independent theoretical dimensions of
policy system coherence. Rather, they are operational observation items nested under

https://doi.org/10.3390/systems14070766

https://doi.org/10.3390/systems14070766


Systems 2026, 14, 766 19 of 36

the nine first-level dimensions. Their purpose is to capture the multidimensional and
hydrogen-specific features of policy text design with sufficient granularity, while the overall
evaluation structure remains organized around the nine first-level variables. Following
methodological caution, the resulting PMC score should therefore be interpreted as a broad
text-based measure of structural coverage and design completeness, rather than a definitive
measure of actual empirical policy system coherence.

The instrument configuration dimension is mainly based on the policy instrument
coding results presented in Section 3.2. Hydrogen industry policy does not operate through
a single broad type of policy instrument. Instead, it works through specific instruments
such as organizational support, safety regulation, fiscal subsidies, talent development,
infrastructure, innovation environment, industrial development, business environment,
government demand, and institutional supply, which together constitute the action struc-
ture of the policy system. Incorporating these second-level policy instruments into the
X4 dimension allows this study to more precisely identify the coverage and structural
differences in instrument configuration across provincial policy systems. It also creates a
closer connection between the preceding policy instrument analysis and the subsequent
PMC-based coherence evaluation.

It should be noted that the inclusion of ten second-level variables under X4 does not
increase the weight of the instrument configuration dimension in the PMC score. Like the
other first-level variables, X4 is calculated as the mean value of its second-level variables
and is normalized to a value between 0 and 1. The same logic applies to all other first-level
variables: differences in the number of secondary variables do not change the equal-weight
structure among the nine first-level dimensions. Therefore, this indicator setting improves
the measurement granularity of instrument configuration without giving additional weight
to the instrument configuration dimension.

The multi-input–output table is an important step in the PMC index model. It trans-
forms the evaluation indicator system into a standardized assignment structure and pro-
vides the basis for assigning values to each second-level variable. Based on the above
indicator system, this study constructs the multi-input–output table for evaluating text-
based policy system coherence, as shown in Table 7.

Table 7. Multi-input–output table for the PMC-based textual evaluation of China’s hydrogen industry
policy systems.

First-Level Variable Second-Level Variable

X1 X1:1; X1:2; X1:3; X1:4
X2 X2:1; X2:2; X2:3; X2:4; X2:5
X3 X3:1; X3:2; X3:3; X3:4; X3:5
X4 X4:1; X4:2; X4:3; X4:4; X4:5; X4:6; X4:7; X4:8; X4:9; X4:10
X5 X5:1; X5:2; X5:3; X5:4
X6 X6:1; X6:2; X6:3; X6:4
X7 X7:1; X7:2; X7:3
X8 X8:1; X8:2; X8:3; X8:4
X9 X9:1; X9:2; X9:3

In this table, the nine first-level variables are treated as independent evaluation di-
mensions during scoring, and the second-level variables under each first-level variable
are assigned equal weights. This setting does not imply that the components of the policy
system are unrelated in practice, nor does it mean that different dimensions have equal
causal or functional importance in actual implementation. Rather, the equal weighting
strategy provides a standardized text-based comparison procedure that allows provincial
hydrogen industry policy systems to be evaluated under the same criteria. Consequently,
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the resulting PMC scores should be interpreted as indicators of textual structural cover-
age and design completeness, rather than as weighted assessments of policy impact or
implementation effectiveness.

In terms of variable assignment, this study adopts a three-value scoring method. If
a provincial policy system clearly includes or satisfies a given second-level variable, the
variable is assigned a value of 1. If it partially reflects or partially satisfies the variable, it is
assigned a value of 0.5. If it does not include or satisfy the variable, it is assigned a value
of 0. This scoring method can more precisely capture differences in textual coverage and
structural configuration among provincial policy systems. These assigned values provide
the basis for calculating the PMC-based text-level coherence scores in the following section.

4.2. Calculation and Results of PMC-Based Text-Level Coherence Scores

The calculation of the PMC-based text-level coherence score mainly involves four
steps. First, the nine first-level variables and 42 second-level variables constructed in this
study are incorporated into the multi-input–output table. Second, the policy texts of each
provincial hydrogen industry policy system are compared and summarized according
to the meanings of the second-level variables, and the specific values of the second-level
variables are determined according to Equations (2) and (3). Third, Equation (4) is used to
calculate the score of each first-level variable, namely the mean value of the second-level
variables under that first-level variable. Fourth, Equation (5) is used to sum the scores of
the nine first-level variables and obtain the PMC-based text-level coherence score.

Xtj ∈ {0, 0.5, 1} (2)

0 ≤ Xtj ≤ 1 (3)

Xt =
∑mt

j=1 Xtj

mt
, t = 1, 2, . . . , 9 (4)

PMC =
9

∑
t=1

Xt (5)

Here, Xtj represents the value of the j-th second-level variable under the t-th first-level
variable; mt denotes the number of second-level variables under the t-th first-level variable;
Xt represents the score of the t-th first-level variable; and the PMC index is obtained by
summing the scores of the nine first-level variables.

For standardized textual comparison, this study classifies the PMC-based text-level
coherence score into four textual design categories: Excellent, 7.5–9.0; Good, 6.0–7.5; Ac-
ceptable, 4.5–6.0; and Poor, 0–4.5. It should be emphasized that these categories are used
only to describe structural coverage and design completeness at the textual design level.
They do not refer to policy implementation effects, policy performance, or industrial
development performance.

Based on the above indicator system and scoring rules, this study evaluates the
hydrogen industry policy systems of China’s 31 province-level administrative regions.
Table 8 reports the scores of each province-level region on the nine first-level variables,
the PMC-based text-level coherence score, the ranking, and the corresponding textual
design category.
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Table 8. PMC-based text-level coherence scores of China’s provincial hydrogen industry policy systems.

Province/Region X1 X2 X3 X4 X5 X6 X7 X8 X9 Score Rank Textual Design
Category

Northeast
China

P1 Liaoning 0.75 0.6 0.6 0.65 0.75 0.75 0.67 0.75 0.67 6.19 17 Good
P2 Jilin 1 0.8 0.8 0.8 0.75 0.75 0.67 1 0.67 7.24 12 Good

P3 Heilongjiang 0.75 0.6 0.4 0.3 0.75 0.75 0.33 0.75 0.33 4.96 31 Acceptable
Mean 0.83 0.67 0.6 0.58 0.75 0.75 0.56 0.83 0.56 6.13 – Good

North
China

P4 Beijing 1 1 0.8 0.85 0.75 1 1 1 1 8.4 2 Excellent
P5 Tianjin 0.75 0.6 0.6 0.65 0.75 0.75 0.67 0.75 0.67 6.19 17 Good
P6 Hebei 1 0.8 1 0.85 1 0.75 0.67 1 0.67 7.74 10 Excellent
P7 Shanxi 1 0.8 0.8 0.75 0.75 1 0.67 1 1 7.77 9 Excellent

P8 Inner Mongolia 1 1 0.8 0.8 0.5 1 1 1 1 8.1 5 Excellent
Mean 0.95 0.84 0.8 0.78 0.75 0.9 0.8 0.95 0.87 7.64 – Excellent

Central
China

P9 Henan 0.75 0.6 0.6 0.8 0.75 0.5 0.67 0.75 0.67 6.09 20 Good
P10 Hubei 0.75 0.8 0.8 0.8 0.75 0.75 0.67 0.75 1 7.07 13 Good
P11 Hunan 0.75 0.8 0.8 0.7 0.75 0.75 0.67 0.75 0.33 6.3 16 Good

Mean 0.75 0.73 0.73 0.77 0.75 0.67 0.67 0.75 0.67 6.49 – Good

East China

P12 Shanghai 0.75 1 1 0.85 1 0.75 1 0.75 1 8.1 5 Excellent
P13 Jiangsu 1 1 1 0.9 0.75 1 0.67 0.75 1 8.07 7 Excellent

P14 Zhejiang 1 0.8 0.8 0.85 1 1 0.67 1 0.67 7.79 8 Excellent
P15 Anhui 0.75 0.6 0.6 0.8 0.75 0.5 0.67 0.75 0.67 6.09 20 Good
P16 Fujian 0.75 0.6 0.6 0.55 0.75 0.5 0.67 0.75 0.67 5.84 22 Acceptable
P17 Jiangxi 0.75 0.6 0.4 0.6 0.75 0.5 0.67 0.75 0.67 5.69 25 Acceptable

P18 Shandong 1 0.8 1 0.9 0.75 1 1 1 0.67 8.12 4 Excellent
Mean 0.86 0.77 0.77 0.78 0.82 0.75 0.76 0.82 0.76 7.1 – Good

Northwest
China

P19 Shaanxi 1 0.8 0.8 0.8 1 1 0.67 1 0.67 7.74 10 Excellent
P20 Gansu 0.75 0.6 0.6 0.55 0.6 0.75 0.33 0.75 0.67 5.6 27 Acceptable

P21 Qinghai 1 0.8 0.6 0.8 0.6 0.75 0.33 1 1 6.88 14 Good
P22 Ningxia 1 1 0.8 0.65 0.75 0.5 0.33 0.75 0.33 6.11 19 Good
P23 Xinjiang 0.75 0.8 0.8 0.65 1 0.75 0.67 0.75 0.67 6.84 15 Good

Mean 0.9 0.8 0.72 0.69 0.79 0.75 0.47 0.85 0.67 6.63 – Good

Southwest
China

P24 Sichuan 1 0.8 1 0.8 0.75 1 1 1 1 8.35 3 Excellent
P25 Chongqing 0.75 0.4 0.6 0.5 0.75 0.75 0.33 0.5 1 5.58 28 Acceptable

P26 Guizhou 0.75 0.6 0.6 0.55 0.75 0.75 0.33 0.75 0.67 5.75 24 Acceptable
P27 Yunnan 0.75 0.6 0.4 0.4 0.75 0.75 0.33 0.75 0.67 5.4 29 Acceptable

P28 Tibet 0.75 0.4 0.6 0.35 0.75 0.75 0.33 0.75 1 5.68 26 Acceptable
Mean 0.8 0.56 0.64 0.52 0.75 0.8 0.46 0.75 0.87 6.15 – Good

South
China

P29 Guangdong 1 1 1 1 1 0.75 0.67 1 1 8.42 1 Excellent
P30 Guangxi 0.75 0.6 0.4 0.65 0.75 0.5 0.33 0.75 0.67 5.4 29 Acceptable
P31 Hainan 0.75 0.8 0.6 0.65 0.75 0.5 0.33 0.75 0.67 5.8 23 Acceptable

Mean 0.83 0.8 0.67 0.77 0.83 0.58 0.44 0.83 0.78 6.54 – Good

Overall
mean – 0.85 0.74 0.72 0.7 0.78 0.76 0.61 0.83 0.75 6.75 – Good

Note: The categories “Excellent,” “Good,” “Acceptable,” and “Poor” refer only to PMC-based text-level coherence
at the textual design level. They should not be interpreted as policy implementation effects, policy performance,
or industrial development performance.

The overall results show that the average PMC-based text-level coherence score of
hydrogen industry policy systems across China’s 31 province-level administrative regions
is 6.75, indicating a generally good level of structural coverage and design completeness at
the textual design level. According to the classification criteria, 11 province-level regions
are classified as excellent, 10 as good, 10 as acceptable, and none as poor. This suggests
that, from the perspective of textual structure, China’s provincial hydrogen industry policy
systems have generally formed relatively complete textual structures, although significant
differences remain among province-level regions.
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In terms of the distribution of provincial scores, Guangdong, Beijing, Sichuan, Shan-
dong, Shanghai, Inner Mongolia, Jiangsu, Zhejiang, Shanxi, Shaanxi, and Hebei fall into
the excellent textual design category. Among them, Guangdong has the highest score, at
8.42, followed by Beijing and Sichuan, with scores of 8.40 and 8.35, respectively. These
regions score highly on most first-level variables, suggesting that their policy systems have
relatively complete textual structures in terms of functional orientation, thematic coverage,
instrument configuration, design quality, and timing arrangements.

The good textual design category includes Jilin, Hubei, Qinghai, Xinjiang, Hunan,
Liaoning, Tianjin, Ningxia, Henan, and Anhui. Their PMC-based text-level coherence
scores range from 6.0 to 7.5, indicating that their policy systems have developed a certain
degree of structural completeness at the textual design level but still show differences
across specific dimensions. The acceptable textual design category includes Fujian,
Hainan, Guizhou, Jiangxi, Tibet, Gansu, Chongqing, Yunnan, Guangxi, and Heilongjiang.
Their scores range from 4.5 to 6.0, indicating that their policy systems contain the basic
textual components of hydrogen industry policy but remain relatively insufficient in
thematic coverage, instrument configuration, issuing levels, or timing arrangements.

At the level of first-level variables, policy functions have the highest mean score,
at 0.85, followed by design quality at 0.83. Target groups, content fields, and timing
arrangements score 0.78, 0.76, and 0.75, respectively. Issuing bodies and instrument
configuration both score 0.74, while thematic coverage scores 0.72. Issuing levels have
the lowest mean score, at 0.61. These results indicate variation across the first-level
variables. Policy functions and design quality are relatively well represented in most
provincial policy systems, whereas issuing levels remain the weakest textual dimension.
Instrument configuration is no longer the lowest-scoring dimension, but it still shows
room for improvement because different policy instruments are not evenly represented
across regions and policy systems.

4.3. Structural Forms of PMC-Based Text-Level Coherence

Plotting the PMC surface provides a clearer and more intuitive way to reveal the
textual structural strengths and weaknesses of hydrogen industry policy systems across
different regions. If the overall surface is relatively regular and smooth, it indicates that the
policy system shows relatively balanced coverage across multiple textual dimensions. If the
surface shows obvious depressions, this suggests that the policy system has shortcomings
in specific textual dimensions, such as thematic coverage, instrument configuration, issuing
level, or temporal arrangement.

The PMC surface is constructed on the basis of a PMC matrix. Since this study includes
nine first-level variables, the PMC matrix is constructed as follows:

PMC Matirx =

 X1 X2 X3

X4 X5 X6

X7 X8 X9

 (6)

As shown in Figure 3, this paper plots the national average PMC surface as well as the
PMC surfaces of three typical provincial policy systems for visual comparison.

As presented in Figure 3a, the national mean surface shows that policy functions,
design quality, target groups, content fields, and timing arrangements are relatively high.
This indicates that most provincial hydrogen industry policy systems have established
relatively clear functional orientations, relatively standardized textual design, and a certain
degree of coverage in policy objects, governance fields, and temporal arrangements. By
contrast, issuing levels are visibly lower than the other dimensions, while instrument
configuration and thematic coverage are also lower than policy functions and design
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quality. This structural form is consistent with the first-level variable means reported in
Table 8, suggesting that China’s provincial hydrogen industry policy systems perform
relatively well in functional orientation and textual design, but still show weaknesses in
vertical policy linkage and instrument configuration.

 
(a) (b) 

 
(c) (d) 

Figure 3. PMC surface diagrams of PMC-based text-level coherence in provincial hydrogen indus-
try policy systems. Note: (a) National mean; (b) Guangdong Province; (c) Hunan Province; and
(d) Heilongjiang Province. Note: For the PMC surface, colors shift from cool tones to warm tones,
and darker colors correspond to higher scores.

As presented in Figure 3b, the PMC surface of Guangdong Province is generally
high and relatively full. Its scores for policy functions, issuing bodies, thematic coverage,
instrument configuration, target groups, design quality, and timing arrangements are close
to or equal to 1. This indicates that Guangdong’s hydrogen industry policy system has a
relatively complete textual structure across multiple dimensions. Although its issuing-level
score is lower than several other high-scoring dimensions, it remains at a relatively high
level. Overall, the surface form of Guangdong is characterized by high coverage and strong
structural completeness, which corresponds to its leading PMC score.

As presented in Figure 3c, the PMC surface of Hunan Province is at an intermedi-
ate level. Most of its first-level variable scores are concentrated between 0.70 and 0.80,
indicating a certain degree of balance in issuing bodies, thematic coverage, instrument
configuration, target groups, content fields, and design quality. However, Hunan’s timing-
arrangement score is relatively low, creating a visible depression in the timing-arrangement
dimension. This suggests that although Hunan’s hydrogen industry policy system has
developed a relatively complete basic structure, its temporal continuity as represented in
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policy texts remains insufficient. In other words, the policy system has established a certain
degree of thematic and instrumental coverage, but its long-term and staged policy support
arrangements still need to be strengthened.

As presented in Figure 3d, the PMC surface of Heilongjiang Province is lower overall
and shows clear depressions in several dimensions, especially thematic coverage, instru-
ment configuration, issuing levels, and timing arrangements. Among these, instrument
configuration and issuing levels are particularly low, indicating that Heilongjiang’s hydro-
gen industry policy system has relatively limited policy instrument coverage and weak
vertical linkage as reflected in policy issuance levels. In comparison, policy functions, target
groups, content fields, and design quality remain at an acceptable level. This suggests
that Heilongjiang’s policy system contains some basic textual elements, but its structural
completeness and textual coordination remain relatively insufficient.

Overall, the PMC surface diagrams provide visual evidence consistent with the
score results in Table 8. Policy systems in the excellent textual design category usually
have higher and fuller surfaces, indicating more complete textual coverage across mul-
tiple dimensions. Policy systems in the good textual design category tend to maintain
medium-to-high scores in most dimensions but may show depressions in one or several
specific dimensions. Policy systems in the acceptable textual design category often
show multiple structural depressions, indicating insufficient textual coverage or design
completeness in policy themes, instruments, issuing levels, and timing arrangements.
Therefore, the PMC surface diagrams help reveal not only the overall PMC-based
text-level coherence scores but also the internal textual structural weaknesses behind
different scores.

4.4. Regional Distribution of PMC-Based Text-Level Coherence Scores

To further compare the regional characteristics of PMC-based text-level coherence
scores in provincial hydrogen industry policy systems, this study analyzes the PMC evalu-
ation results from a regional perspective. Table 9 further reports the descriptive statistics
of regional PMC-based text-level coherence scores. Figure 4 presents a radar chart of the
average scores of the nine first-level variables across the seven regions. Figure 5 presents
a box plot of PMC-based text-level coherence scores across the seven regions. The radar
chart is used to show the structural profiles of different regions in terms of policy functions,
issuing bodies, thematic coverage, instrument configuration, target groups, content fields,
issuing levels, design quality, and timing arrangements. The box plot and descriptive statis-
tics are used to show the distribution and dispersion of PMC-based text-level coherence
scores within each region.

Table 9. Descriptive statistics of regional PMC-based text-level coherence scores.

Region N Mean Median SD Min Max Range CV

North China 5 7.64 7.77 0.85 6.19 8.4 2.21 0.11
East China 7 7.1 7.79 1.16 5.69 8.12 2.43 0.16

Northwest China 5 6.63 6.84 0.82 5.6 7.74 2.14 0.12
South China 3 6.54 5.8 1.64 5.4 8.42 3.02 0.25

Central China 3 6.49 6.3 0.52 6.09 7.07 0.98 0.08
Southwest China 5 6.15 5.68 1.24 5.4 8.35 2.95 0.2
Northeast China 3 6.13 6.19 1.14 4.96 7.24 2.28 0.19

Note: CV = standard deviation/mean. Range = maximum value − minimum value. These indicators are used to
describe the dispersion of PMC scores within each region.
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Figure 4. Radar chart of first-level variable scores for provincial hydrogen industry policy systems
across the seven regions.

Figure 5. Regional distribution of PMC-based text-level coherence scores for China’s provincial
hydrogen industry policy systems.

From the perspective of regional mean scores, the seven regions can be ranked as
follows: North China, 7.64; East China, 7.10; Northwest China, 6.63; South China, 6.54;
Central China, 6.49; Southwest China, 6.15; and Northeast China, 6.13. Among them,
North China reaches the excellent textual design category on average, while East China,
Northwest China, South China, Central China, Southwest China, and Northeast China
are all within the good textual design category. This indicates that, at the regional level,
China’s provincial hydrogen industry policy systems have already formed a relatively
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broad textual basis for structural coverage and design completeness, but clear gradient
differences remain among regions.

The radar chart further reveals the structural profiles behind these regional differences.
North China scores relatively high on policy functions, issuing bodies, content fields, issu-
ing levels, design quality, and timing arrangements. Its radar profile is more outwardly
expanded than those of the other regions, indicating stronger coverage across multiple tex-
tual dimensions. East China performs well in thematic coverage, instrument configuration,
target groups, and design quality, although the scores across different dimensions still show
some variation. Northwest China scores relatively high on policy functions, issuing bodies,
and design quality, but its issuing-level score is relatively low, suggesting a weakness in
vertical policy linkage. Central China shows a relatively balanced profile across variables,
but its overall outward extension is weaker than that of North China and East China. South
China scores relatively high on target groups, design quality, and timing arrangements, but
relatively low on content fields and issuing levels. Southwest China performs relatively
well in content fields and timing arrangements, but has lower scores in issuing bodies,
instrument configuration, and issuing levels. Northeast China maintains a certain level
of performance in policy functions, target groups, content fields, and design quality, but
remains relatively weak in thematic coverage, instrument configuration, issuing levels, and
timing arrangements.

Table 9 and Figure 5 further show that regional mean scores alone cannot fully capture
the internal distribution of PMC-based text-level coherence scores. North China has the
highest regional mean score, at 7.64, with a median of 7.77, a standard deviation of 0.85, and
a coefficient of variation of 0.11. This indicates that North China not only has a relatively
high level of structural coverage and design completeness at the textual design level but
also shows limited internal dispersion. East China has a mean score of 7.10 and a median
score of 7.79, but its standard deviation is 1.16 and its range is 2.43. This suggests that East
China contains both province-level regions in the excellent textual design category and
those in the acceptable textual design category, resulting in more visible internal differences.

Northwest China has a mean score of 6.63 and a median score of 6.84, with a standard
deviation of 0.82 and a coefficient of variation of 0.12. This indicates that the region as a
whole shows a relatively good level of structural coverage and design completeness, with a
moderate degree of internal dispersion. Central China has a mean score of 6.49, a median
score of 6.30, a standard deviation of 0.52, and the lowest coefficient of variation among
all regions, at 0.08. This suggests that the PMC scores of province-level regions in Central
China are relatively concentrated.

By contrast, South China has a mean score of 6.54, but its median is only 5.80. Its
standard deviation and coefficient of variation are 1.64 and 0.25, respectively, and its range
reaches 3.02. This indicates that South China has the most obvious internal dispersion, and
that its regional mean is strongly affected by the very high score of Guangdong Province.
Southwest China has a mean score of 6.15, a median score of 5.68, a standard deviation of
1.24, and a coefficient of variation of 0.20, showing a certain degree of internal imbalance.
The very high score of Sichuan Province raises the regional mean, while several other
province-level regions remain within the acceptable textual design category. Northeast
China has a mean score of 6.13, a median score of 6.19, a standard deviation of 1.14, and a
range of 2.28, indicating that this region also shows noticeable internal differences.

Taken together, Figures 4 and 5 and Table 9 indicate that the PMC-based text-level co-
herence scores of China’s provincial hydrogen industry policy systems are characterized by
both interregional gradient differences and intraregional dispersion. North China and East
China have relatively high overall scores, but East China shows greater internal variation.
Northwest China, Central China, and South China are all within the good textual design
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category, but their distribution patterns differ: Central China is more concentrated, whereas
South China shows strong internal dispersion. Southwest China and Northeast China
have relatively lower regional mean scores and show certain internal differences among
province-level regions. Therefore, regional differences in PMC-based text-level coherence
scores should not be interpreted only through mean scores. They should also be examined
through structural profiles, score distributions, and descriptive statistical indicators.

5. Discussion and Conclusions
5.1. Provincial Hydrogen Policy Systems Have Taken Shape, but Text-Based Coherence
Remains Uneven

This study shows that China’s provincial hydrogen industry policies are no longer
limited to scattered policy advocacy as reflected in the collected policy texts. Instead,
they have gradually developed into policy systems composed of themes, instruments,
administrative actors, governance levels, and timing arrangements. The LDA results show
that provincial hydrogen policy texts cover multiple themes, including hydrogen industry
development, hydrogen technological innovation, hydrogen policy support, hydrogen
industry regulation, and hydrogen operational management. The policy instrument anal-
ysis further shows that these policy texts contain a certain combination of instruments,
including organizational support, fiscal subsidies, talent development, infrastructure, in-
novation environment, industrial development, and institutional supply. This indicates
that, at the level of policy design, hydrogen has shifted from a single technological issue to
a composite issue jointly shaped by local industrial policy, energy transition policy, and
regional development policy.

However, the formation of policy systems does not mean that these systems are already
fully coherent in textual design, let alone fully coordinated in actual implementation.
The PMC-based text-level evaluation results show that the national average score is 6.75,
indicating an overall relatively good level of design completeness and structural coverage
at the textual level. Nevertheless, significant differences remain among province-level
regions, and issuing levels and instrument configuration are still relatively weak textual
dimensions. This suggests that China’s provincial hydrogen policy systems have already
developed a basic textual structure, but internal structural imbalances remain. Some
province-level regions show relatively complete textual combinations among industrial
planning, technological innovation, fiscal support, and institutional arrangements, whereas
others still rely mainly on planning-oriented, principle-based, and single-point support
measures, with insufficient textual linkage among departments, governance levels, and
policy instruments.

This finding reveals a key tension in China’s provincial hydrogen policy development:
the number of policy documents has increased rapidly, but textual structural coordination
and design completeness have not improved at the same pace across all regions. For the
hydrogen industry, a larger number of policy documents does not necessarily indicate a
more mature policy system. What matters more at the level of policy design is whether
policy themes cover key links of industrial development, whether policy instruments are
represented in a complementary manner, whether administrative actors are sufficiently
represented and connected in policy texts, whether provincial-, municipal-, and county-
level policy provisions are linked, and whether policy support forms a continuous temporal
arrangement. Therefore, the future optimization of China’s hydrogen policies should not
focus only on increasing the number of policy documents or introducing new support
measures. Instead, it should shift toward improving text-based structural coherence, design
completeness, and implementation readiness.
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In this sense, the construction of China’s provincial hydrogen policy systems has
entered a new stage. The early task was to place hydrogen on the policy agenda, whereas
the current task is to organize dispersed policies into more coherent textual systems that
can better support subsequent implementation. This also explains why China’s hydrogen
industry policy cannot be fully understood from the perspective of individual policy
documents alone. The central issue has shifted from whether policies exist to whether
different policies structurally align at the textual design level. Therefore, the first conclusion
of this study is that China’s provincial hydrogen industry policy systems have basically
taken shape in policy texts, but their text-based coherence remains uneven.

5.2. Capacity-Building Orientation Is Prominent, While Market Formation and Institutional
Supply Remain Insufficient

One of the most important findings of this study is that China’s provincial hydrogen
policy systems show a strong capacity-building orientation in policy texts. In the thematic
structure, hydrogen industry development and hydrogen technological innovation account
for relatively high proportions. In the instrument structure, capacity-building instruments
account for 55.87% of all coded policy instrument units, far exceeding other types of
instruments. Industrial development, innovation environment, talent development, and
infrastructure are frequently represented instruments, indicating that provincial hydrogen
policy texts mainly emphasize industrial parks, demonstration bases, innovation platforms,
enterprise cultivation, talent attraction, and infrastructure construction.

This capacity-building orientation is consistent with the current development stage of
China’s hydrogen industry. The hydrogen industry has a long industrial chain, involving
hydrogen production, storage, transportation, refueling, and utilization. It also requires
large infrastructure investment, high technological thresholds, and long payback periods.
At the early stage of industrial development, capacity-building instruments are important
for compensating for market insufficiencies and reducing the initial barriers to industrial
growth. In particular, when green hydrogen supply, hydrogen refueling infrastructure, fuel
cell technologies, and application scenarios have not yet formed a stable market loop, the
resource-organizing capacity and infrastructure investment capacity of local governments
remain important.

The problem, however, is that capacity building mainly addresses whether the industry
can be built, but it does not by itself address whether the industry can operate sustain-
ably. If provincial hydrogen policy systems rely too heavily on infrastructure construction,
project layout, platform building, and enterprise attraction in their textual design, while
demand-side incentives, market transaction mechanisms, green hydrogen certification,
safety standards, long-term procurement mechanisms, and cross-regional circulation rules
remain insufficiently represented, the hydrogen industry may face the risk that projects,
industrial parks, and plans are advanced faster than market application and commercial
closed loops. In other words, capacity building can help the industry move from nonexis-
tence to initial establishment, but it may not be sufficient to support the transition from
demonstration to large-scale application.

The regional instrument structure further illustrates this point. Policy texts in North-
west China, Southwest China, and Northeast China show relatively high proportions of
capacity-building instruments, suggesting that these regions place greater textual emphasis
on resource development, infrastructure, and industrial foundation building. East China
and North China are still dominated by capacity-building instruments, but their propor-
tions of incentive instruments are relatively higher, indicating that their policy texts have
begun to pay more attention to fiscal support, market cultivation, and enterprise incentives.
South China has a relatively lower proportion of capacity-building instruments, while in-
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centive instruments and system-changing instruments account for relatively higher shares,
suggesting a stronger textual emphasis on market incentives and institutional supply.

These differences indicate that hydrogen policy priorities vary across China’s regions
as reflected in policy texts. Resource-based regions tend to focus on transforming resource
endowments into industrial foundations, while regions with stronger manufacturing bases
and market conditions are more likely to move toward market cultivation and institutional
optimization. Therefore, the main weakness of China’s provincial hydrogen policy systems
is not that capacity-building instruments are excessive, but that these instruments are not
sufficiently connected in textual design with market formation instruments, institutional
supply instruments, and regulatory governance instruments. Therefore, the second con-
clusion of this study is that China’s provincial hydrogen policy systems remain strongly
capacity-building oriented at the textual design level, while demand-side traction, market
formation, and institutional supply need to be strengthened.

5.3. Regional Differentiation Reflects Local Conditions but Also Reveals Insufficient Multilevel
Linkage in Policy Texts

The PMC-based text-level evaluation results show clear regional differentiation in
China’s provincial hydrogen policy systems. North China and East China have relatively
high overall scores, indicating that these regions have relatively complete textual structures
in policy functions, issuing bodies, thematic coverage, instrument configuration, and design
quality. Northwest China, Central China, and South China are generally within the good
textual design category, but their internal structures differ. Southwest China and Northeast
China have relatively lower regional mean scores, and some province-level regions still
show weaknesses in thematic coverage, instrument configuration, issuing levels, and
timing arrangements.

These differences should not be interpreted simply as a ranking of policy quality
or implementation performance. China’s hydrogen industry is spatially embedded, and
different regions have different conditions for hydrogen development. Northwest China
has advantages in renewable energy resources and is more suitable for building policy
systems around green hydrogen production, storage and transportation networks, and
cross-regional hydrogen supply. East China, North China, and South China have relatively
strong industrial foundations, manufacturing capacity, application scenarios, and market
demand, making them more suitable for policy design around hydrogen equipment manu-
facturing, fuel cell vehicles, port logistics, industrial parks, and urban cluster applications.
Some regions in Southwest China and Northeast China also have certain resource or in-
dustrial foundations, but the completeness and continuity of their policy text design still
need improvement. Regional differentiation therefore reflects differences in how provincial
policy texts translate resource endowments, industrial foundations, market conditions, and
governance priorities into policy system design.

Behind regional differentiation, however, lies a deeper problem: insufficient vertical
linkage as represented in policy texts. Issuing levels are the weakest dimension in the
PMC-based text-level evaluation, indicating that many regions have issued provincial plans,
opinions, or action programs, but municipal and county-level task decomposition, scenario
implementation provisions, and supporting execution arrangements are less systematically
represented in policy texts. Many key issues in hydrogen industry development do not
occur only at the provincial level. They need to be implemented at the municipal, county,
and industrial park levels, including hydrogen refueling station siting, project approval,
land use support, fiscal policy fulfillment, safety regulation, operation monitoring, and
demonstration scenario construction. Without sufficient municipal and county-level policy
provisions, provincial policies may remain at the level of broad planning and principle-
based support.
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This means that China’s provincial hydrogen policy systems need to shift from
planning-driven textual design to multilevel implementation-oriented policy design.
Planning-driven design emphasizes goal setting, industrial layout, and policy advocacy.
Multilevel implementation-oriented design requires the formation of continuous chains
among provincial policies, municipal plans, county-level projects, industrial park scenarios,
and enterprise actions. For an emerging industry such as hydrogen, which is characterized
by uncertain technological routes, large investment scale, high safety requirements, and
strong cross-regional circulation needs, macrolevel provincial planning alone is insufficient.
A more complete policy system design requires a closed loop linking long-term planning,
phased tasks, annual lists, project implementation, risk regulation, and dynamic evaluation.

Therefore, regional differentiation in China’s provincial hydrogen policies should not
be addressed through policy homogenization. Instead, different regions should build dif-
ferentiated policy systems according to their resource endowments, industrial foundations,
and application scenarios. What needs to be strengthened is functional coordination across
regions and implementation linkage across governance levels, while recognizing that the
evidence provided in this study is based on policy text design rather than direct observation
of implementation outcomes. Resource-based regions, manufacturing-based regions, and
regions rich in application scenarios should form complementary divisions of labor around
green hydrogen supply, equipment manufacturing, storage and transportation networks,
standards mutual recognition, and market applications. Provincial, municipal, and county
governments should also establish vertical linkages around project lists, responsibility
allocation, fiscal fulfillment, safety regulation, and performance feedback. The third con-
clusion of this study is that China’s provincial hydrogen policy systems show significant
regional differentiation at the textual design level, and their future development depends
on strengthening both horizontal regional coordination and vertical multilevel linkage.

6. Policy Implications
Because the empirical analysis in this study is based on policy texts, the following pol-

icy implications mainly concern policy system design, textual review, and implementation
readiness. They should not be interpreted as direct evidence of actual implementation per-
formance or empirical policy coordination in practice. Rather, they indicate how provincial
hydrogen policy systems may improve their structural coverage, design completeness, and
textual coordination so as to provide a more robust basis for subsequent implementation.

6.1. Establishing Text-Based Policy System Coherence Review Mechanisms

The findings of this study suggest that China’s hydrogen policy optimization should
shift from document-based policy expansion to system-based policy design and coordina-
tion. At present, many province-level regions have issued hydrogen-related policies, but
the textual coherence among policy themes, instruments, issuing bodies, governance levels,
and timing arrangements remains uneven. Therefore, future policy design should establish
text-based policy system coherence review mechanisms. Such mechanisms should not only
examine whether a new policy document is necessary, but also assess how it connects with
existing policy documents, whether it fills gaps in the existing policy system, and whether
it strengthens the complementarity among policy themes and instruments.

Specifically, province-level regions can establish periodic reviews of hydrogen policy
systems. These reviews may examine whether policy themes cover key links such as
hydrogen production, storage, transportation, refueling, application, safety regulation,
green certification, and market formation; whether policy instruments include not only
capacity-building support but also demand-side incentives, regulatory rules, and institu-
tional supply; and whether provincial policies are linked to municipal- and county-level
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implementation mechanisms. Through such reviews, local governments can avoid frag-
mented policy accumulation and promote the transformation of hydrogen policies from
scattered document supply to more coherent policy system design. In the process of re-
viewing policy coherence, local governments can also draw on the expertise of research
institutes and universities to conduct policy evaluations in a more scientific and systematic
manner and make timely adjustments.

6.2. Strengthening Demand-Side Traction Around Key Application Scenarios

The strong capacity-building orientation identified in this study indicates that provin-
cial hydrogen policy texts devote substantial attention to industrial foundations, infrastruc-
ture, innovation platforms, and talent development. These policies are necessary for the
early-stage development of the hydrogen industry. However, if demand-side application
scenarios remain insufficient, capacity building may not translate into sustainable indus-
trial growth. Therefore, hydrogen policy systems should further strengthen demand-side
traction around key application scenarios. In regions where market development is lagging,
governments should foster and guide the emergence and growth of the market through
subsidies, direct procurement, and effective publicity.

In practice, local governments should focus on scenarios with clear demand founda-
tions and public policy relevance, such as public transportation, logistics, ports, industrial
parks, municipal services, distributed energy systems, and green industrial parks. Pol-
icy systems should provide more stable government procurement, long-term purchase
agreements, operation subsidies, and demonstration application mechanisms for these
scenarios. At the same time, demand-side policies should be connected with enterprise
investment, infrastructure layout, and fiscal support arrangements so that hydrogen pro-
duction, storage, transportation, refueling, and utilization can form more stable application
loops. In this way, hydrogen policies can move beyond project construction and better
support market formation.

6.3. Building Mechanisms Linking Green Hydrogen Certification, Carbon Accounting,
and Price Compensation

For hydrogen to play a meaningful role in low-carbon transition, policy systems
need to distinguish more clearly among different hydrogen production pathways and
strengthen the governance of green hydrogen and low-carbon hydrogen. At present, many
provincial hydrogen policies emphasize industrial scale, infrastructure construction, and
project demonstration, but the institutional mechanisms for green hydrogen certification,
carbon accounting, and price compensation remain insufficient. This may weaken the
low-carbon orientation of hydrogen industry development.

Therefore, future policy design should establish mechanisms linking green hydrogen
certification, carbon emission accounting, and price compensation. Green hydrogen certifi-
cation should clarify the source of renewable electricity, the carbon intensity of hydrogen
production, and the traceability of hydrogen products. Carbon accounting mechanisms
should make the emission reduction contribution of hydrogen applications measurable and
comparable, especially in hard-to-abate sectors such as steel, chemicals, transportation, and
industrial parks. Price compensation or green premium mechanisms should reduce the cost
gap between green hydrogen and conventional hydrogen, thereby improving the economic
feasibility of green hydrogen applications. By linking certification, carbon accounting, and
price support, policy systems can provide stronger incentives for the development and use
of green hydrogen.
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6.4. Improving Full-Chain Safety Regulation and Standards Systems for Hydrogen

Hydrogen industry development involves multiple safety-sensitive links, including
production, storage, transportation, refueling, and utilization. The findings of this study
show that safety regulation and institutional supply are less prominently represented than
capacity-building instruments in many provincial policy systems. If regulatory rules and
standards systems lag behind industrial expansion, hydrogen development may face safety
risks, approval uncertainty, and implementation barriers. Therefore, future policy systems
should strengthen full-chain safety regulation and standards construction.

Local governments should clarify regulatory responsibilities among energy, emer-
gency management, transportation, market regulation, ecology and environment, industry
and information technology, housing and urban–rural development, and other relevant
departments. They should also improve technical standards for hydrogen storage and
transportation, hydrogen refueling station construction and operation, fuel cell vehicle
promotion, industrial hydrogen application, and emergency response. In addition, safety
regulation should not be limited to restrictive control. It should also provide clear, pre-
dictable, and operable rules for enterprises so that safety governance and industrial devel-
opment can support each other. A more complete safety and standards system can reduce
institutional uncertainty, strengthen the long-term operability of hydrogen policy systems,
and provide more predictable conditions for market growth.

6.5. Advancing Differentiated Policy Mixes Based on Regional Functional Positioning

The regional differences identified in this study indicate that China’s hydrogen indus-
try policy systems should not follow a homogeneous policy model. Different regions have
different resource endowments, industrial foundations, innovation capacities, and appli-
cation scenarios. Therefore, province-level regions should develop differentiated policy
mixes based on their functional positioning in the national hydrogen industry system.

Resource-rich regions, especially those with abundant renewable energy resources,
can focus on green hydrogen production, storage and transportation networks, and cross-
regional hydrogen supply. Manufacturing-based regions can prioritize hydrogen equip-
ment, fuel cell systems, key materials, and industrial chain coordination. Regions with rich
application scenarios can focus on transportation, port logistics, industrial decarbonization,
integrated energy systems, and public service applications. At the same time, differentiated
policy systems should be embedded in broader regional coordination mechanisms. Regions
should strengthen coordination in infrastructure planning, standards mutual recognition,
green certification, supply–demand matching, and cross-regional hydrogen transporta-
tion. This can reduce repetitive construction and low-level competition while promoting
complementary regional division of labor.

6.6. Strengthening the Province–City–County–Industrial Park Implementation Readiness Chain

The PMC-based text-level evaluation results show that issuing levels are the weakest
textual dimension of China’s provincial hydrogen policy systems. This suggests that many
policy systems are relatively strong in provincial-level planning, but municipal-, county-
level, and industrial park-level policy provisions are less systematically represented in
policy texts. Hydrogen industry development requires concrete implementation in specific
places, projects, facilities, and scenarios. Therefore, strengthening the province–city–county–
industrial park implementation readiness chain is essential for improving text-based policy
system coherence and supporting subsequent implementation.

Province-level governments should clarify strategic objectives, institutional frame-
works, and policy support boundaries. Municipal governments should translate provincial
strategies into industrial layouts, scenario plans, infrastructure projects, and supporting
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policies. County governments and industrial parks should further specify project lists,
land use arrangements, approval procedures, fiscal support fulfillment, safety supervision,
and enterprise services. Meanwhile, policy systems should establish dynamic feedback
mechanisms linking project implementation, market response, safety risks, and policy
adjustment. Through such an implementation readiness chain, hydrogen policies can move
from one-time document issuance to continuous system governance.

7. Limitations and Future Research
This study has several limitations. First, the analysis is based on policy texts and mainly

evaluates the thematic coverage, instrument configuration, and structural coherence of
provincial hydrogen industry policy systems at the textual level. Therefore, the PMC-based
text-level coherence score should not be directly interpreted as policy implementation
effectiveness or hydrogen industry development performance. Policy texts reflect how
local governments define policy objectives, organize policy instruments, and arrange
administrative responsibilities, but they cannot fully capture actual policy coordination,
implementation synergy, or the functional interaction among policy components in practice.
Future research may further combine policy text analysis with interviews, case studies, and
implementation process data to examine how textual policy system coherence is translated
into actual governance practice.

Second, although this study combines LDA topic modeling, content analysis-based
policy instrument coding, expert consistency checks, and the PMC index model to improve
analytical transparency and reliability, the identification of policy instruments and the
assignment of PMC scores still involve a certain degree of human judgment. In addition,
the PMC model relies on an equal weighting strategy for standardized textual comparison.
This strategy does not imply that different dimensions have equal causal or functional
importance in actual implementation. The 42 secondary variables used in this study are
also operational observation items nested under nine first-level dimensions rather than
independent theoretical dimensions, but the indicator system remains relatively extensive.
Future research may conduct sensitivity analyses, apply alternative weighting schemes, and
further test whether some indicators can be consolidated or reweighted while preserving
the hydrogen-specific features of policy design.

Third, this study mainly evaluates provincial hydrogen industry policy systems up to
the end of 2025 and does not directly examine the relationship between text-based policy
system coherence and industrial development outcomes. Future research can link the policy
system coherence indicators developed in this study with outcome variables such as green
hydrogen production capacity, hydrogen refueling station deployment, fuel cell vehicle
adoption, hydrogen investment scale, hydrogen-related patent output, demonstration
project implementation, and carbon reduction performance. In addition, because this study
is situated in the context of China’s state-led and plan-oriented industrial policy system,
future research may test whether the coherence framework and evaluation criteria remain
applicable in more market-driven or cross-national settings.
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Notes
1 The “1+N” policy system for the hydrogen energy industry was explicitly proposed in the Medium- and Long-Term Plan for

the Development of Hydrogen Energy Industry (2021–2035) issued by China in March 2022. In this system, “1” refers to one
top-level design, while “N” represents various special policies, supplementary policies, and other relevant documents.

2 The first expert holds a PhD in Management and mainly engages in research in the field of policy evaluation. The second expert,
who holds a PhD in Economics, is a professor at a renowned university and focuses on research related to energy policy. The
third expert has a Master’s degree in Engineering, works at the Department of Science and Technology of a province, and has
participated in the review and formulation of relevant science and technology policies in the province on many occasions.
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