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Abstract 

This paper systematically examines the core of new quality productive forces underpin-
ning the sustainable development of the low-altitude economy industry. Based on the Tri-
ple Bottom Line theory, it analyzes the interrelationships among various factors of new 
quality productive forces and reveals the underlying mechanism through which new 
quality productive forces drive sustainable development in this sector. By employing an 
integrated Fuzzy Decision-Making Trial and Evaluation Laboratory—Interpretive Struc-
tural Modeling (Fuzzy-DEMATEL-ISM) approach, this study establishes a hierarchical 
structure for sustainable development in the low-altitude economy industry grounded in 
the logical framework of new quality productive forces. The findings indicate that: (1) the 
strategic origin layer represents the prerequisite and most critical task for the emergence 
of the low-altitude economy industry; (2) the technological breakthrough layer constitutes 
the core competitive strength enabling its development; (3) the resource guarantee layer 
provides essential resource support for operational sustainability; (4) the institutional syn-
ergy layer enhances industrial efficiency through coordinated governance; and (5) the 
value realization layer signifies the ultimate form of industrial evolution. These research 
outcomes offer significant forward-looking insights for advancing sustainable develop-
ment in the low-altitude economy industry. 

Keywords: low-altitude economy; new quality productive forces; sustainable development; 
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1. Introduction 
Driven by the dual forces of the global sustainable development agenda and techno-

logical innovation, the development models and pathways of emerging industries have 
become critical issues for countries seeking economic transformation and enhanced com-
petitiveness. As resource constraints intensify and climate change challenges grow in-
creasingly severe, traditional high-consumption and low-efficiency production methods 
urgently require reform. Strategic emerging industries, characterized by breakthroughs 
in cutting-edge technologies, are gradually becoming a key force driving high-quality eco-
nomic development. Within this context, China, based on its developmental stage and 
domestic and international circumstances, has explicitly proposed the strategically for-
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ward-looking concept of new quality productive forces (NQPF). NQPF represent an ad-
vanced form of productive forces led by scientific and technological innovation. Their core 
characteristics are reflected in high technology, high efficiency, and high quality, while 
their core components include technological innovation, factor reconfiguration, industrial 
upgrading, institutional support, and green transformation [1]. Cultivating and guiding 
NQPF can help support the sustainable development of economic, social, and environ-
mental systems [2]. Therefore, NQPF not only provide technological momentum for the 
development of emerging industries, but also offer a theoretical basis for analyzing indus-
trial sustainability from economic, social, and environmental dimensions. Following this 
logic, the low-altitude economy (LAE), as a strategic emerging industry, serves as an im-
portant carrier and representative application field of NQPF [3]. According to the defini-
tion of the Civil Aviation Administration of China, the LAE is a comprehensive economic 
system supported by low-altitude airspace and based primarily on general aviation [4]. It 
deeply integrates frontier technologies such as electronic information, intelligent manu-
facturing, advanced materials, and artificial intelligence. Relevant algorithmic studies 
have shown that intelligent recognition and human–computer interaction technologies 
can improve intelligent service capabilities in complex scenarios [5,6]. These technologies 
provide useful references for the intelligent expansion of LAE application scenarios, such 
as unmanned aerial vehicle inspection, low-altitude logistics, emergency rescue, and ur-
ban governance. As a transformative force in future transportation and logistics systems 
and a new engine for spatial resource utilization and economic growth, the LAE perfectly 
aligns with the core characteristics of NQPF. 

However, challenges such as inadequate infrastructure, imperfect regulatory poli-
cies, and weak integration between technological innovation and application scenarios 
persist in the development of the LAE, hindering the formation of a systematic sustainable 
development framework. Therefore, exploring sustainable development pathways for the 
LAE from the perspective of NQPF not only enriches the theoretical framework of emerg-
ing industries but also represents an inevitable choice for the LAE to address current chal-
lenges and achieve long-term stable growth. Based on the above analysis, this study ex-
amines the underlying productivity logic and action pathways of sustainable develop-
ment in the LAE industry from the perspective of NQPF, with the aim of providing theo-
retical explanations and practical references for the sustainable development of the LAE 
industry. Compared with existing studies, this study does not focus solely on individual 
influencing factors or partial development pathways of the LAE. Instead, it regards NQPF 
as a systematic driving mechanism for the sustainable development of the LAE industry. 
Specifically, based on the Triple Bottom Line theory and the existing literature, this study 
first identifies the key factors influencing the sustainable development of the LAE indus-
try from the perspective of NQPF across economic, social, and environmental dimensions. 
Subsequently, the Fuzzy Decision-Making Trial and Evaluation Laboratory method 
(Fuzzy-DEMATEL) is employed to analyze the degree of influence, causal relationships, 
and key roles among these factors. Since the LAE industry involves multiple stakeholders, 
multiple factors, and multi-level relationships, Fuzzy-DEMATEL is suitable for dealing 
with such complex factor relationships. Compared with general comprehensive evalua-
tion methods or single weight-measurement approaches, Fuzzy-DEMATEL places greater 
emphasis on the interactions and causal relationships among factors. At the same time, 
the introduction of fuzzy set theory helps reduce the uncertainty and subjectivity of expert 
linguistic evaluations, thereby improving the robustness of the analytical results [7]. On 
this basis, this study further adopts Interpretive Structural Modeling (ISM) to construct a 
multi-level structural framework. ISM was proposed by J. N. Warfield in 1973 and can 
reveal the hierarchical structure and logical relationships among factors in complex sys-
tems [8], thereby addressing the limitation of Fuzzy-DEMATEL in presenting the internal 
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hierarchical structure of a system. Compared with single-method approaches, the inte-
grated Fuzzy-DEMATEL-ISM method has certain advantages in terms of the systematic-
ity and robustness of result interpretation, and has been widely applied in studies analyz-
ing influencing factors in complex systems [9,10]. Based on this method, this study further 
reveals the action mechanism, hierarchical relationships, and construction logic of NQPF 
in the LAE industry, and constructs a systematic analytical framework for the sustainable 
development of the LAE industry, providing more explanatory and operational decision-
making support for policy formulation and industrial practice. 

By integrating NQPF with the Triple Bottom Line theory, this study constructs a 
Fuzzy-DEMATEL-ISM integrated model to systematically analyze the key influencing 
factors of sustainable development in the LAE. Its primary contributions are as follows: 
(1) Methodologically, it innovatively provides an empirical tool for quantifying the com-
plex influencing factors in this industry; (2) theoretically, it constructs a systematic ana-
lytical framework that integrates technology-driven and sustainable multidimensional 
objectives; (3) practically, it reveals the industrial hierarchical structure spanning from 
strategic origins and technological breakthroughs to value realization, offering clear deci-
sion-making bases with distinct stages and pathways for policy formulation and indus-
trial development. 

The paper is structured into seven main sections. Section 1 introduces the research 
background and objectives. Section 2 reviews the literature. Section 3 explains the meth-
odology. Section 4 presents the results. Section 5 discusses sustainable development path-
ways for the LAE industry. Section 6 constructs the NQPF-driven sustainable develop-
ment system. Section 7 concludes the study. 

2. Literature Review 
Although the LAE industry has shown strong development momentum, its long in-

dustrial chain and extensive cross-sectoral influence have also generated multiple eco-
nomic, social, and environmental challenges during its development. Therefore, from the 
perspective of integrating NQPF with sustainable development, this study systematically 
reviews the relevant literature and identifies 15 key NQPF-related factors that influence 
the sustainable development of the LAE industry. 

To classify these factors, this study adopts the Triple Bottom Line theory as the theo-
retical basis for factor categorization. The Triple Bottom Line theory emphasizes that sus-
tainable industrial development should not be evaluated solely by economic performance, 
but should also consider social responsibility and environmental impact [11]. Its core con-
notation includes three dimensions: the economic dimension emphasizes industrial effi-
ciency and value creation, the social dimension focuses on social well-being and respon-
sibility fulfillment, and the environmental dimension highlights resource-use efficiency 
and ecological impacts [12]. In typical applications, this theory is often used to construct 
sustainability evaluation frameworks by identifying key factors from economic, social, 
and environmental perspectives and analyzing the synergies and potential trade-offs 
among these dimensions [13]. This framework is well aligned with the attributes of the 
LAE industry. The LAE industry is characterized by a long industrial chain, high techno-
logical intensity, strong dependence on airspace resources, strict public safety require-
ments, and increasing demand for green transformation. Therefore, this study integrates 
NQPF into the economic, social, and environmental dimensions of the LAE industrial 
chain, thereby constructing a holistic analytical framework to explore pathways for 
achieving sustainable development in this emerging industry. 
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2.1. Economic Dimensions 

2.1.1. New Demand Drivers in the LAE (C1) 

NQPF represent a novel paradigm of productivity centered on fostering new de-
mand, which drives high-quality economic development in the LAE through three key 
mechanisms. First, consumer demand serves as a foundational force: as a strategic emerg-
ing industry, the LAE must continuously innovate to stimulate consumer interest in low-
altitude products and services, thereby creating and satisfying high-quality demand. This 
process not only expands market potential but also generates spillover effects across re-
lated sectors, fueling broader economic growth [14]. Second, investment demand acts as 
a critical engine: investment serves as a primary driver of economic expansion, and by 
injecting fresh capital into the LAE, new investments strengthen supply-side dynamics by 
accelerating technological innovation (e.g., drone development, air traffic management 
systems), enhancing production efficiency through scale economies and advanced manu-
facturing, and optimizing resource allocation to high-potential subsectors. These effects 
collectively solidify the material foundation for sustainable industry growth [15]. Third, 
global demand functions as a dynamic enabler: expanding international openness allows 
the LAE to identify and cater to niche market demands across regions (e.g., urban air mo-
bility in Southeast Asia, agricultural drone services in Africa), integrate global best prac-
tices and cutting-edge business models (e.g., UAM partnerships between Chinese firms 
and European aerospace companies), and diversify export markets, reducing reliance on 
domestic demand cycles. 

2.1.2. Low-Altitude Technological Innovation (C2) 

NQPF emphasize the central role of technological innovation and regard break-
throughs in key technologies as an important driver for improving production efficiency, 
cultivating emerging industries, and promoting industrial transformation and upgrading 
[16]. Accelerating the cultivation of NQPF can effectively enhance the resilience and secu-
rity of the LAE industrial and supply chains, thereby enabling the industry to gain greater 
initiative in its development. Driven by NQPF, LAE-related technologies continue to iter-
ate and upgrade [17], promoting the continuous optimization of flight equipment, intelli-
gent control, communication and navigation, and operational services. This process fur-
ther facilitates the transformation and upgrading of the LAE system and improves pro-
duction efficiency. The deep integration of technological innovation and industrial appli-
cation can accelerate the transformation of technological achievements into practical ap-
plication scenarios [18], promote the coordinated upgrading of low-altitude equipment, 
operational services, and application scenarios, and further advance the intelligent devel-
opment of the LAE industry. On one hand, advancing core technological innovations 
across the low-altitude industrial chain—including R&D and critical component manu-
facturing, complete aircraft production and system integration, as well as operations and 
services—supports targeted technological breakthroughs. On the other hand, the large-
scale application of cutting-edge technologies such as 5G communication, artificial intel-
ligence, and quantum navigation in unmanned aerial vehicles and electric vertical takeoff 
and landing (eVTOL) aircraft enables digital transformation of traditional low-altitude 
industries. This reduces reliance on manual operations, lowers operational costs, and pro-
vides sustained momentum for the industrial development. 

2.1.3. Financial Innovation (C3) 

Financial innovation refers to innovation in financial products, financial service mod-
els, and financial technology tools, which can optimize the allocation of financial resources 
and improve the efficiency of financial services. Existing studies have shown that financial 
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innovation can strengthen the financial system’s capacity to support long-term sustaina-
ble economic development by promoting risk sharing and alleviating credit constraints 
[19]. For technology-intensive emerging industries such as the LAE, financial innovation 
can also reduce information asymmetry, improve financing efficiency, and enhance the 
ability of low-altitude enterprises to obtain external financing [20]. Specifically, establish-
ing a robust financial support system enables the LAE to access greater resources, meeting 
its capital demands across R&D, production, and market expansion phases. Given the in-
dustrial characteristics—technology intensity, large-scale investment requirements, long 
payback periods, and high market demand uncertainty—it necessitates tailored financial 
support distinct from traditional industries. Through innovative financial instruments, 
leveraging the guiding role of policy-driven finance, and strengthening credit and financ-
ing support for low-altitude enterprises, financial innovation not only encourages venture 
capital inflows into the sector but also incentivizes firms to increase R&D investment 
while reducing financing costs and risks. Ultimately, financial innovation aims to opti-
mize investment structures and enhance capital efficiency, channeling funds, talent, and 
technology toward the LAE to unlock its growth potential. 

2.1.4. Policy-Driven Development (C4) 

A well-developed policy system helps optimize resource allocation, promote factor 
mobility, and strengthen the role of industrial policy in supporting the development of 
emerging industries [21]. In the LAE industry, policy-driven development is mainly re-
flected in government top-level design, low-altitude airspace management reform, fiscal 
investment, infrastructure construction, and the cultivation of an industrial ecosystem 
[22]. The development of low-altitude enterprises largely depends on policy recognition 
and administrative support. Their access to key resources, such as subsidies, land, demon-
stration opportunities, and operating permits, is often closely related to government pol-
icy priorities [23]. Strong industrial policies can also reduce entry and operating costs, 
improve market expectations, and promote the agglomeration of capital, talent, and tech-
nology in the LAE sector through fiscal investment, infrastructure construction, and in-
dustrial chain support. Formulating and refining relevant policies and regulations help 
standardize market order in low-altitude consumption, prioritize consumer rights protec-
tion, strengthen market supervision, and mitigate risks associated with low-altitude ac-
tivities. Policy-driven development manifests in two primary ways: First, by leveraging 
pilot experiences from low-altitude airspace management reforms to progressively opti-
mize airspace governance and general aviation approval systems, enhancing operational 
service quality. Second, by focusing on low-altitude economic growth, policies refine fis-
cal, tax, financial, land-use, and market access regulations to stimulate market vitality. 
Additionally, strengthening safety oversight for low-altitude applications and improving 
policy frameworks are critical to sustainable development. 

2.1.5. Airspace Resource Utilization (C5) 

Airspace resources refer to the spatial regions above Earth’s surface within defined 
altitudes, serving as intangible economic assets distinct from traditional resources. They 
provide essential operational space for aircraft and air routes, forming the foundational 
condition for low-altitude economic activities. As application scenarios like low-altitude 
logistics and tourism expand, the LAE has emerged as a pivotal domain for airspace re-
source development [24]. However, rapid growth in low-altitude aircraft numbers risks 
creating conflicts between limited airspace capacity and escalating flight demands [25]. 
Currently, low-altitude airspace utilization remains in its infancy, with surging drone 
numbers intensifying urban air traffic management complexity. Against this backdrop, 
the development of NQPF aligns with the urgent need for intelligent airspace planning in 
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the LAE. Intelligent allocation and efficient management of airspace resources hold critical 
practical and strategic significance for sustainable flight operations [26], creating a safer, 
more efficient environment for low-altitude economic growth. Safe and efficient airspace 
utilization enhances flight efficiency, reduces operational costs, and fosters emerging sec-
tors like low-altitude logistics, thereby generating new growth drivers and economic 
value for the industry. 

2.2. Social Dimensions 

2.2.1. Regulatory Innovation (C6) 

Regulatory systems influence market operations and firm behavior through policy 
guidance, market supervision, and resource allocation [27]. For the LAE industry, which 
is highly sensitive to safety risks, regulatory innovation not only affects the orderly entry 
of market participants, but also shapes the allocation efficiency of key resources, including 
low-altitude airspace, data, technology, and application scenarios. A favorable institu-
tional environment optimizes regional business conditions, attracts relevant enterprises 
to local markets, and further influences regional development [28]. The prosperity of the 
LAE industry relies not only on breakthroughs in aircraft technology but also on an open, 
inclusive, and adaptable regulatory framework that meets development needs while ad-
dressing safety risks [29]. Comprehensively deepening regulatory reforms for the LAE 
requires establishing a conducive regulatory environment and new production relations 
aligned with industrial growth. Focused on the LAE, regulatory innovation should ad-
dress four dimensions: airspace management, operational oversight, market access, and 
data security. These dimensions correspond to the logic of “liberation, regulation, activa-
tion, and trust” and serve as the “four pillars” of sustainable industrial development. In-
novating airspace management systems can unlock low-altitude resources, providing 
physical space for urban air mobility and logistics in remote areas, thereby empowering 
rural revitalization and equitable public service delivery. Innovations in operational over-
sight reduce risks of unauthorized flights (“black flights”) while enhancing public trust in 
emerging technologies, injecting resilience into social governance. Market access reforms 
lower barriers, stimulate market vitality, create novel employment opportunities (e.g., 
drone maintenance, airspace coordination), and promote balanced regional economic de-
velopment. Data security innovations define boundaries for technological applications, 
prevent societal ethical crises from low-altitude surveillance misuse, and safeguard citizen 
rights. 

2.2.2. LAE Concept (C7) 

NQPF emphasize not only technological innovation and efficiency improvement, but 
also green development and social sharing. Existing studies have shown that NQPF can 
significantly promote inclusive green growth, as reflected in their role in coordinating 
economic development, social equity, and ecological protection [30]. This connotation is 
consistent with the industrial philosophy of the LAE, which pursues safe, green, conven-
ient, and inclusive services. Public trust in the safety, environmental friendliness, and con-
venience of low-altitude activities is essential for industrial growth. However, as an 
emerging industry, public awareness and acceptance of the LAE remain low, limiting 
market vitality for low-altitude consumption [31]. Thus, scientifically disseminating the 
LAE concept is critical to reducing public skepticism toward technological applications. 
By fostering societal consensus, engaging the public in discussions, and addressing con-
cerns in real time, the convenience of low-altitude activities can reach more people, dis-
mantling traditional notions that “airspace belongs solely to aviation transport.” Popular-
izing this concept highlights its broad applications in logistics, agriculture, emergency re-
sponse, and tourism. Only when low-altitude technologies integrate into daily life and 
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deliver tangible value can societal endorsement become a lasting driver of sustainable in-
dustrial development. 

2.2.3. New Production Factors (C8) 

New production factors refer to a composite set of factors oriented toward innovative 
production activities, mainly including innovation-related factors such as technology, 
knowledge, and data [21]. They are characterized by intangibility, high added value, and 
dynamic adaptability. For the LAE industry, new production factors are specifically re-
flected in low-altitude intelligent equipment technologies, flight data, digital platforms, 
and information infrastructure. The prerequisite for NQPF to drive industrial develop-
ment lies in the transition from traditional to new production factors. This involves culti-
vating novel labor forces and means of production aligned with industrial evolution, 
thereby laying the foundation for NQPF formation [32]. The integration of new produc-
tion factors, through innovation and optimized resource allocation, fosters emerging in-
dustries while facilitating the transformation and upgrading of traditional sectors. This 
process not only injects robust momentum into the modernization of the LAE but also 
creates new drivers and value for societal development. Specifically, from the perspective 
of emerging industries, the infusion of new production factors has spurred the develop-
ment of low-altitude manufacturing, flight services, infrastructure construction, and other 
new sectors, generating substantial employment opportunities. Regarding traditional in-
dustrial transformation, the essence of industrial upgrading resides in technological ad-
vancement [33]. The application of technology, data, and other new production factors 
enables traditional industries to enhance production efficiency through intelligent and au-
tomated renovations. Concurrently, the deep integration of traditional and emerging in-
dustries has given rise to low-altitude new business formats such as unmanned aerial ve-
hicle insurance services and supply chain financial services. This industrial convergence 
not only provides traditional sectors with novel development pathways but also expands 
application domains for emerging industries. 

2.2.4. Talent Development (C9) 

The healthy advancement of emerging and future industries relies fundamentally on 
intellectual support from highly skilled professionals. Within the LAE industry, this reli-
ance has manifested as a critical shortage of qualified technical talent [34]. As industries 
undergo structural transformation, cultivating workforce capabilities that align with both 
technological evolution and economic development needs has become an immediate pri-
ority [35]. Sustainable high-speed growth in this domain necessitates dynamic synchroni-
zation between industrial chains and talent pipelines, as this alignment forms the corner-
stone for enhancing regional competitiveness. The LAE’s complexity demands particular 
attention. Spanning multiple sectors with an extended value chain, it encompasses R&D, 
manufacturing, operational services, and airspace safety regulation. This situation creates 
an urgent need for professionals who possess both technical proficiency and cross-disci-
plinary integration capabilities. Consequently, academic institutions must take proactive 
measures to establish specialized talent development frameworks [29]. These systems 
should focus on developing individuals with comprehensive knowledge of low-altitude 
economic principles, thereby creating a robust talent reservoir to support industry expan-
sion. The strategic value of such talent development manifests through two primary chan-
nels. First, these professionals accelerate technology commercialization by bridging the 
gap between academic research and industrial application. Their ability to rapidly trans-
late theoretical breakthroughs into operational solutions shortens innovation cycles and 
enhances market responsiveness. Second, cultivating high-caliber talent in this field 
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strengthens national competitiveness on the global stage. In an era of intensifying inter-
national rivalry, countries with well-structured talent ecosystems gain decisive ad-
vantages in shaping industry standards and capturing market leadership. 

2.2.5. Scenario Innovation (C10) 

Scenarios refer to the concrete contexts where new technologies, carrier equipment, 
and business models in the low-altitude domain achieve practical application, constitut-
ing the environment for creating economic and social value. These manifest as “LAE +” 
industrial clusters. Scenario innovation, serving as the core driver of low-altitude eco-
nomic development, not only propels technological and business model breakthroughs 
but also generates positive societal impacts. In public service scenarios, technological em-
powerment enables efficient operations in infrastructure inspection, police aviation, and 
firefighting rescue [36]. This significantly enhances social governance efficacy while 
strengthening public safety guarantees, forming a robust backbone for social stability and 
civilian well-being. In market-driven scenarios, the commercial applications of LAE con-
tinue to expand—from streamlined logistics distribution [37] and novel tourism experi-
ences to modernized agricultural pest control [38]. These developments not only stimulate 
economic vitality but also create substantial employment opportunities, driving industrial 
upgrading and coordinated regional economic development. The sustained advancement 
of scenario innovation has positioned the LAE as a critical engine for high-quality societal 
development. By providing foundational support for constructing smarter, more efficient, 
and sustainable social operation systems, this industry demonstrates immense value in 
advancing social progress and improving quality of life. 

2.2.6. Collaboration and Sharing (C11) 

Collaboration and sharing facilitates optimal resource allocation, cultivates societal 
cooperative consciousness and culture, and drives holistic social innovation. In R&D ac-
tivities, enterprises achieving information, knowledge, and technology sharing through 
collaboration demonstrate significantly higher innovation quality compared to independ-
ent R&D efforts [39]. Similarly, in low-altitude flight scenarios, efficient inter-aircraft co-
ordination constitutes the key to unlocking full application potential [40]. For LAE enter-
prises, first, they must enhance international market participation through global collab-
oration. By engaging in in-depth exchanges with leading general aviation enterprises 
worldwide, Chinese firms can absorb and integrate advanced technologies and manage-
ment models, thereby strengthening China’s competitive positioning in the global low-
altitude economic value chain. Second, even greater emphasis should be placed on forging 
synergies among military aviation, civil aviation, and local governments. This requires 
deepening the “government-industry-academia-research-application-finance” integra-
tion model, promoting comprehensive participation from governmental bodies, industrial 
players, and research institutions in low-altitude economic development [29]. Through 
this collaborative paradigm, enterprises can effectively resolve multifaceted challenges in 
low-altitude industry development, achieving mutually beneficial outcomes while max-
imizing public welfare. Such an approach forms the cornerstone for sustainable advance-
ment in China’s LAE industry. 

2.3. Environmental Dimensions 

2.3.1. Digital Information Environment (C12) 

The advent of the information age has driven various types of organizations to trans-
form into information-driven institutions [41], enabling them to create value by fully lev-
eraging information resources. With the continuous integration of the LAE and NQPF, the 
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information environment for low-altitude economic activities has been significantly opti-
mized, and the LAE is rapidly evolving towards intelligence, interconnection, and collab-
oration [24]. On one hand, digital technology-empowered flight management platforms 
have greatly enriched the types of low-altitude flight intelligence, significantly enhancing 
the timeliness and accuracy of flight support information, thereby effectively reducing 
low-altitude flight risks [42]. On the other hand, the networked nature of low-altitude 
flight services has significantly enhanced information interaction capabilities among 
cross-regional flight service stations, improving the efficiency and quality of information 
sharing, and consequently increasing the efficiency of transit flights. Internet platforms 
have effectively improved information sharing efficiency from both operational manage-
ment and service support perspectives, reducing the probability of low-altitude flight ac-
cidents and information barriers during low-altitude transit flights, thereby minimizing 
resource waste and pollutant emissions generated by flight activities and facilitating the 
green development of the LAE industry. 

2.3.2. Green Energy Support (C13) 

NQPF are guided by the concept of green development, oriented towards achieving 
the “dual carbon” goals, and driven by new momentum and elements. Actively promot-
ing the application of green energy in low-altitude aircraft helps reduce atmospheric and 
noise pollution, providing a foundational guarantee for integrating low-altitude flight ac-
tivities into urban life and achieving social value reconstruction. Firstly, traditional fuel-
driven aircraft have high pollutant emissions and strong noise pollution, which can easily 
provoke resistance from residents and limit service scenarios. To address this issue, clean, 
environmentally friendly, and renewable green energy has been widely applied [43], giv-
ing rise to new types of aircraft such as eVTOLs [44] and hydrogen-powered drones [45]. 
The tailpipe emissions and noise pollution of new aircraft using green energy have been 
significantly reduced, fundamentally eliminating the Not-In-My-Backyard effect. Sec-
ondly, in-depth research on the optimal application scenarios and suitability of different 
energy types in the LAE industry, particularly improving the production capacity of green 
energy and expanding the applicability of energy carriers, helps enhance the utilization 
rate of green energy. By using green energy and expanding energy carriers, the pollution 
of the atmospheric environment caused by flight activities can be mitigated, the level of 
green development in the LAE can be elevated, positive contributions can be made to 
environmental protection, and the sustainable development of the LAE industry can be 
promoted. 

2.3.3. Green Product Innovation (C14) 

As low-altitude flight activities extend into urban transportation, logistics distribu-
tion, and public service scenarios, the environmental externalities they generate, such as 
noise, energy consumption, and ecological disturbance, have gradually attracted public 
concern and affected the social acceptance of the LAE industry [46]. Therefore, green prod-
uct innovation is not only an important way for enterprises to respond to environmental 
constraints, but also a key pathway for enhancing the market recognition of low-altitude 
products and improving industrial sustainability. At the consumer level, consumers’ pref-
erence for the green attributes of products (such as carbon reduction) [47] drives low-alti-
tude enterprises to increase innovation efforts in product design, manufacturing, and lo-
gistics to meet market demand for green products. At the government level, many coun-
tries provide diverse green subsidies to incentivize enterprises to increase investment in 
green product research and development [48]. Through policy guidance, financial sup-
port, and promotional activities, low-altitude enterprises can be encouraged to optimize 
design and materials, develop intelligent management systems, and enhance the green 
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content and competitiveness of products throughout the LAE supply chain. Meanwhile, 
focusing on the development and implementation of green standards enables the LAE 
industry to protect the ecological environment while meeting the needs of economic and 
social development, achieving a win-win situation of economic and social benefits, and 
facilitating the sustainable development of the LAE industry. 

2.3.4. Green Lifestyle (C15) 

The 20th National Congress of the Communist Party of China report proposed pro-
moting the formation of green and low-carbon production and lifestyles to facilitate har-
monious coexistence between humans and nature. A green lifestyle is defined as a mode 
of living that actively practices environmental protection concepts in daily life, reduces 
environmental impact, and promotes sustainable development [49]. It is also an important 
component of achieving a comprehensive green transformation of economic and social 
development [50]. The green development of the LAE industry requires enhancing public 
awareness of green consumption, encouraging the public to choose environmentally 
friendly low-altitude services and products, and use low-altitude services reasonably to 
reduce resource waste in the operation of the LAE industry. The promotion of a green 
lifestyle sends clear signals of green production to the supply market, prompting low-
altitude enterprises to pay more attention to green production, reduce resource consump-
tion and pollutant emissions during the production process, and guide enterprises to-
wards green production transformation. Meanwhile, corporate participation in environ-
mental activities and sustained sustainable development policies further stimulate green 
consumption behavior [51]. This virtuous cycle between the public and enterprises con-
tributes to the achievement of sustainable development goals. 

3. Methodology 
3.1. Fuzzy-DEMATEL 

The Fuzzy-DEMATEL method not only retains the practical and effective advantages 
of the traditional DEMATEL method [52] in factor identification but also replaces the orig-
inal precise values with triangular fuzzy numbers. This approach can more comprehen-
sively reflect the true circumstances of the problem, enhancing the credibility of the anal-
ysis results and providing more valuable references for managers in decision-making [53]. 
Fuzzy mathematics, based on fuzzy set theory, is suitable for analyzing problems with 
vague correlations among elements. It simulates the human brain’s processing of fuzzy 
information by introducing fuzzy set theory and triangular fuzzy numbers to quantify 
experts’ subjective judgments, thereby eliminating subjectivity in expert scoring. 

Step 1: Through a combination of literature review, mutual understanding, and con-
sultation with relevant experts, 15 main influencing factors for the sustainable develop-
ment of the LAE industry based on the core of NQPF were identified and numbered as 
C1, C2, …, C15. 

Step 2: Seven experts in the field of the LAE were invited to evaluate the interrela-
tionships among the aforementioned 15 factors. As shown in Table 1, linguistic operators 
were introduced to score the effects of each influencing factor, with “0” representing no 
influence, “1” representing weak influence, “2” representing moderate influence, “3” rep-
resenting strong influence, and “4” representing extremely strong influence. 

Step 3: After collecting the expert scoring questionnaires, the linguistic operators in 
the experts’ original evaluations were converted into triangular fuzzy numbers using a 
semantic conversion table and Formula (1). 

1 2 3( , , )k k k k
ij ij ij ijw a a a=  (1)
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Table 1. Semantic conversion table. 

Linguistic Operators in Experts’ 
Original Evaluations Meaning 

Corresponding Triangular 
Fuzzy Numbers 

0 No impact (0, 0, 0.2) 
1 Weak impact (0, 0.2, 0.4) 
2 Moderate impact (0.2, 0.4, 0.6) 
3 Strong impact (0.4, 0.6, 0.8) 
4 Extremely strong impact (0.8, 1, 1) 

Step 4: Utilize the CFCS (Converting the Fuzzy data into Crisp Scores) method to 
defuzzify the initial expert scores, thereby obtaining an n-order direct influence matrix Z 
that represents the direct influences among the influencing factors [54]. The defuzzifica-
tion process is as follows: 

(1) Standardize the triangular fuzzy numbers: 

max
1 1 1 min( min ) /k k k
ij ij ijxa a a= − Δ  (2)

max
2 2 1 min( min ) /k k k
ij ij ijxa a a= − Δ  (3)

max
3 3 1 min( min ) /k k k
ij ij ijxa a a= − Δ  (4)

(2) Standardize the left-hand and right-hand values: 

2 2 1/ (1 )k k k k
ij ij ij ijx ls xa xa xa= + −  (5)

3 3 2/ (1 )k k k k
ij ij ij ijx rs xa xa xa= + −  (6)

(3) Calculate the crisp values after defuzzifying the expert scores: 

[ (1 ) ] / [1 ]k k k k k k k
ij ij ij ij ij ij ijx x ls x ls x rs x rs x ls x rs= − + − +  (7)

(4) Calculate the average crisp values: 
1 2( ) /k

ij ij ij ijz z z z n= + + +  (8)

max
1 minmink k k

ij ij ijz a x= + × Δ  (9)

(5) Derive the direct influence matrix: 

ij n n
Z z

×
 =    (10)

Step 5: Standardize the direct influence matrix Z to obtain the normalized matrix G. 

1 1
1 / max

n

iji n j
zμ

≤ ≤ =
=   (11)

G Zμ=  (12)

Step 6: Let E be an n-order identity matrix. Calculate the comprehensive influence 
matrix T using the inverse matrix. 

( ) 1 ij n n
T G E G t−

×
 = − =    (13)

Step 7: Analyze the comprehensive influence matrix T to understand the internal 
structure and interactions among the influencing factors. First, calculate the influencing 
degree and influenced degree of each factor. The influencing degree represents the sum 
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of each influencing factor by row, while the influenced degree represents the sum by col-
umn. The calculation formulas are as follows: 

( )
1

,    1, 2  3,  , 
n

i ij
j

E i nt
=

 == …  (14)

( )'

1
1, 2,   3,    , 

n

i ji
j

i nE t
=

= …=  (15)

The centrality represents the magnitude of the role played by an influencing factor 
within the entire collaborative influencing factor system, while the causality represents 
the causal relationship of interactions among influencing factors within the entire collab-
orative influencing factor system. If the causality of a factor is greater than 0, it indicates 
that the factor has a significant effect on other factors and is referred to as a causal factor. 
Conversely, if the causality is less than 0, it indicates that the factor is greatly influenced 
by other factors and is referred to as a resultant factor. The calculation formulas for cen-
trality and causality are as follows: 

( )' 1, 2, 3,  ,  i i iP niE E    = …= +  (16)

( )' 1, 2, 3,  , i i iQ E E i n= −    = …  (17)

3.2. ISM 

The DEMATEL method can calculate the importance of a specific factor within the 
influencing factor system, but it cannot determine the internal associations and hierar-
chical structure of the factors, making it difficult to effectively manage and control the 
factors. Therefore, the ISM method is also required to grade the system structure, trans-
forming vague ideas and viewpoints into an intuitive model with a well-structured rela-
tionship [54]. 

Step 1: Calculate the overall influence matrix F. 

ij n n
F I T f

×
 = + =    (18)

Step 2: Introduce a threshold value λ to eliminate redundant information and obtain 
the most streamlined matrix. Based on trial calculations, the threshold calculation model 
that best fits this study is derived as follows: 

λ α β= +  (19)

where α and β are the mean and standard deviation, respectively, of all elements in the 
comprehensive influence matrix T. 

Step 3: Use the threshold value to remove redundant factors and obtain the reacha-
bility matrix M. 

Here, 1 indicates a direct influence between two factors, while 0 indicates no direct 
influence. 

( )
1,

  
0,

1, 2, 3,  , ij
ij

ij

f
m n

f
i

 ≥ λ=   < λ
= …


  (20)

Step 4: Perform hierarchical processing to obtain the reachability set Ri, the anteced-
ent set Si, and the common set Ci (where Ci is the intersection of Si and Ri). 

{ } ( ), 0 , 1, 2, ,i j j ijR a a A k i m= | ∈ ≠   =      (21)

{ } ( )| , 0 , 1, 2, ,i j j jiS a a A k i m= ∈  ≠    =      (22)
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Step 5: Cross out the rows and columns corresponding to the factors included in the 
intersection of sets Ri and Si in matrix M. 

Step 6: Repeat Steps 4 and 5 until the factor sets for each level are obtained and all 
factors in the reachability matrix M have been crossed out. 

Step 7: Based on the matrix obtained in Step 6, draw a hierarchical structure diagram 
of the influencing factors. 

4. Result Analysis 
To design the questionnaire and collect primary data for analysis, we selected seven 

experts, each with at least 10 years of working experience in their respective fields. The 
panel comprised two experts from the aircraft R&D sector, two from the government’s 
department of industry and information technology, two from academia specializing in 
industrial economics, and one from the Civil Aviation Administration. 

The draft of the questionnaire was developed through literature review and analysis, 
and then sent to the 7 experts. If any one of the experts disagrees with the proposed 
measures in the questionnaire, the authors re-discussed the disputed points with the panel 
until a unanimous consensus was reached. This refinement process went through several 
iterations. Finally, one-on-one questionnaire surveys were conducted for data collection 
to ensure accuracy and prevent potential peer influence. 

(1) We summarized the responses and made corrections to obtain a fuzzy direct influ-
ence matrix, which was then processed using the CFCS method to handle the raw 
data. 

(2) After calculations, we derived the direct influence matrix Z among the influencing 
factors, as shown in Table 2. 

Table 2. Direct influence matrix Z. 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 
C1 0.000 0.410 0.410 0.410 0.136 0.000 0.498 0.145 0.131 0.145 0.000 0.000 0.461 0.169 0.159 
C2 0.011 0.000 0.387 0.000 0.410 0.169 0.000 0.447 0.424 0.011 0.206 0.169 0.373 0.011 0.021 
C3 0.000 0.373 0.000 0.011 0.424 0.169 0.000 0.410 0.424 0.000 0.155 0.169 0.373 0.000 0.000 
C4 0.498 0.424 0.350 0.000 0.136 0.032 0.424 0.136 0.122 0.145 0.021 0.021 0.498 0.169 0.159 
C5 0.021 0.000 0.000 0.020 0.000 0.373 0.020 0.322 0.336 0.196 0.359 0.387 0.000 0.145 0.155 
C6 0.000 0.011 0.000 0.000 0.031 0.000 0.011 0.045 0.000 0.350 0.424 0.387 0.011 0.350 0.350 
C7 0.424 0.373 0.387 0.410 0.131 0.021 0.000 0.145 0.247 0.145 0.011 0.011 0.424 0.169 0.159 
C8 0.020 0.000 0.011 0.011 0.322 0.373 0.041 0.000 0.336 0.247 0.387 0.387 0.000 0.145 0.155 
C9 0.020 0.000 0.000 0.031 0.336 0.373 0.011 0.336 0.000 0.145 0.387 0.387 0.000 0.159 0.155 

C10 0.011 0.011 0.011 0.000 0.011 0.021 0.011 0.000 0.011 0.000 0.000 0.000 0.000 0.424 0.424 
C11 0.000 0.011 0.056 0.000 0.000 0.313 0.000 0.011 0.000 0.350 0.000 0.350 0.011 0.387 0.387 
C12 0.000 0.000 0.011 0.000 0.011 0.387 0.000 0.000 0.000 0.387 0.424 0.000 0.000 0.350 0.387 
C13 0.000 0.461 0.461 0.000 0.373 0.169 0.000 0.336 0.359 0.021 0.169 0.169 0.000 0.021 0.021 
C14 0.000 0.011 0.011 0.000 0.011 0.011 0.032 0.011 0.011 0.387 0.000 0.000 0.000 0.000 0.424 
C15 0.011 0.000 0.000 0.000 0.011 0.011 0.000 0.000 0.000 0.322 0.000 0.000 0.011 0.387 0.000 

(3) Using the formula from Step 6, we calculated the comprehensive influence matrix T, 
as presented in Table 3. 

Table 3. Comprehensive influence matrix T. 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 
C1 0.061 0.259 0.260 0.170 0.213 0.162 0.200 0.215 0.216 0.217 0.168 0.163 0.274 0.225 0.227 
C2 0.012 0.048 0.162 0.008 0.233 0.209 0.011 0.241 0.235 0.162 0.227 0.212 0.151 0.158 0.165 
C3 0.009 0.153 0.051 0.011 0.234 0.205 0.011 0.230 0.232 0.152 0.210 0.208 0.150 0.148 0.153 
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C4 0.199 0.264 0.247 0.055 0.213 0.172 0.183 0.212 0.212 0.221 0.176 0.170 0.284 0.229 0.231 
C5 0.014 0.012 0.015 0.012 0.039 0.208 0.016 0.132 0.134 0.200 0.211 0.213 0.011 0.188 0.195 
C6 0.003 0.010 0.009 0.002 0.021 0.047 0.008 0.024 0.011 0.209 0.171 0.157 0.009 0.214 0.218 
C7 0.176 0.241 0.246 0.167 0.206 0.167 0.059 0.209 0.238 0.217 0.170 0.165 0.255 0.225 0.227 
C8 0.015 0.013 0.019 0.011 0.134 0.210 0.022 0.041 0.136 0.218 0.221 0.215 0.013 0.193 0.200 
C9 0.014 0.012 0.015 0.015 0.137 0.209 0.014 0.136 0.038 0.188 0.220 0.215 0.012 0.192 0.195 

C10 0.005 0.007 0.008 0.002 0.010 0.014 0.007 0.006 0.009 0.043 0.007 0.007 0.004 0.167 0.169 
C11 0.002 0.011 0.024 0.001 0.013 0.131 0.004 0.015 0.011 0.201 0.044 0.140 0.010 0.216 0.220 
C12 0.002 0.005 0.010 0.001 0.012 0.153 0.004 0.008 0.007 0.216 0.166 0.042 0.005 0.213 0.226 
C13 0.009 0.182 0.186 0.007 0.225 0.204 0.010 0.215 0.220 0.158 0.213 0.207 0.050 0.154 0.159 
C14 0.003 0.008 0.008 0.002 0.010 0.012 0.012 0.010 0.010 0.152 0.007 0.007 0.005 0.047 0.168 
C15 0.005 0.003 0.003 0.001 0.007 0.008 0.003 0.004 0.004 0.129 0.004 0.004 0.006 0.149 0.041 

(4) We further computed the influencing degree, influenced degree, centrality, and cau-
sality, with the results shown in Table 4. Column 4 and 5 of Table 4 present the cen-
trality (P) and causality (Q) values for each of the 15 factors respectively, which are 
crucial for understanding their roles within the sustainable development system of 
the Low-Altitude Economy (LAE). 

On the one hand, centrality indicates the overall importance of a factor within the 
system. As shown in the table, New Demands (C1, P = 3.559), Policy Drivers (C4, P = 3.534), 
and LAE Concept (C7, P = 3.531) exhibit the highest centrality values. This suggests that 
these three factors are the most critical and influential elements in the entire system. They 
act as the core hubs, connecting and affecting numerous other factors. In contrast, factors 
like Green Lifestyle (C15, P = 3.165) and Green Product Innovation (C14, P = 3.178) have 
relatively lower centrality, implying they are more peripheral or are end-result factors that 
are influenced by the core drivers. 

On the other hand, factors with positive Q values are the primary drivers of the sys-
tem. Policy Drivers (C4, Q = 2.603), New Demands (C1, Q = 2.498), and LAE Concept (C7, 
Q = 2.402) have the highest positive causality. This confirms their role as fundamental, 
initiating forces. Changes in these areas will have a significant ripple effect on the entire 
system. Low-Altitude Technological Innovation (C2, Q = 1.005) and Financial Innovation 
(C3, Q = 0.894) also act as strong drivers, pushing the industry forward. Factors with neg-
ative Q values are primarily influenced by others. Green Lifestyle (C15, Q = −2.421), Green 
Product Innovation (C14, Q = −2.253), and Scenario Innovation (C10, Q = −2.218) show the 
strongest negative causality. This indicates that they are the ultimate outcomes or goals of 
the system. Their development is heavily dependent on the successful implementation 
and interaction of the cause factors in the upper layers. For instance, a widespread green 
lifestyle (C15) can only be realized after technological breakthroughs (C2), supportive pol-
icies (C4), and scenario implementations are in place. 

Table 4. Analysis of comprehensive influence matrix. 

 D R P Q 
C1 3.028 0.530 3.559 2.498 
C2 2.234 1.229 3.463 1.005 
C3 2.157 1.263 3.420 0.894 
C4 3.069 0.465 3.534 2.603 
C5 1.599 1.706 3.305 −0.106 
C6 1.111 2.111 3.222 −1.000 
C7 2.966 0.564 3.531 2.402 
C8 1.659 1.697 3.356 −0.037 
C9 1.612 1.712 3.324 −0.101 

C10 0.464 2.682 3.147 −2.218 
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C11 1.043 2.214 3.257 −1.172 
C12 1.070 2.123 3.193 −1.053 
C13 2.197 1.238 3.435 0.959 
C14 0.463 2.716 3.178 −2.253 
C15 0.372 2.793 3.165 −2.421 

The DEMATEL cause-and-effect results are shown in Figure 1, illustrating the cen-
trality and causality of the 15 influencing factors. The diagram is divided into four quad-
rants. The factors in the upper-right quadrant, including New Demands (C1), Policy Driv-
ers (C4), and LAE Concept (C7), possess both high centrality and high causality. This po-
sitions them as the core driving forces of the entire system. Any strategic initiatives should 
prioritize these factors, as they have the most significant influence on all other aspects of 
LAE development. 

Conversely, the factors in the lower-left quadrant, such as Scenario Innovation (C10), 
Green Product Innovation (C14), and Green Lifestyle (C15), exhibit low causality and rel-
atively lower centrality. These represent the ultimate outcome factors. They are heavily 
influenced by the system but have little direct influence on other factors. This confirms 
that achieving these desirable outcomes is dependent on first addressing the core drivers 
in the upper-right quadrant. 

 

Figure 1. DEMATEL causal diagram. 

(5) Based on the ISM calculation procedures, the reachability matrix M was obtained, as 
shown in Table 5. In this matrix, “1” indicates a strong relationship between two fac-
tors, while “0” denotes the absence or weakness of such a relationship. Taking the 
first-priority partitioning results as an example, the reachability sets and antecedent 
sets of the factors are presented in Table 6. 

Table 5. Reachability matrix M. 

 C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 
C1 1 1 1 0 1 0 0 1 1 1 0 0 1 1 1 
C2 0 1 0 0 1 1 0 1 1 0 1 1 0 0 0 
C3 0 0 1 0 1 0 0 1 1 0 1 1 0 0 0 
C4 0 1 1 1 1 0 0 1 1 1 0 0 1 1 1 
C5 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 
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C6 0 0 0 0 0 1 0 0 0 1 0 0 0 1 1 
C7 0 1 1 0 0 0 1 1 1 1 0 0 1 1 1 
C8 0 0 0 0 0 1 0 1 0 1 1 1 0 0 0 
C9 0 0 0 0 0 1 0 0 1 0 1 1 0 0 0 

C10 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
C11 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 
C12 0 0 0 0 0 0 0 0 0 1 0 1 0 1 1 
C13 0 0 0 0 1 0 0 1 1 0 1 1 1 0 0 
C14 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
C15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Table 6. First priority classification results. 

 Reachable Set Ri Predecessor Set Si Ri∩Si 
C1 C1, C2, C3, C5, C8, C9, C10, C13, C14,C15 C1 C1 
C2 C2, C5, C6, C8, C9, C11, C12 C1, C2, C4, C7 C2 
C3 C3, C5, C8, C9, C11, C12 C1, C3, C4, C7 C3 
C4 C2, C3, C4, C5, C8, C9, C10, C13, C14,C15 C4 C4 
C5 C5, C6, C11, C12 C1, C2, C3, C4, C5, C13 C5 
C6 C6, C10, C14, C15 C2, C5, C6, C8, C9 C6 
C7 C2, C3, C7, C8, C9, C10, C13, C14, C15 C7 C7 
C8 C6, C8, C10, C11, C12 C1, C2, C3, C4, C7, C8, C13 C8 
C9 C6, C9, C11, C12 C1, C2, C3, C4, C7, C9, C13 C9 

C10 C10 C1, C4, C6, C7, C8, C10, C12 C10 
C11 C11, C14, C15 C2, C3, C5, C8, C9, C11, C13 C11 
C12 C10, C12, C14, C15 C2, C3, C5, C8, C9, C12, C13 C12 
C13 C5, C8, C9, C11, C12, C13 C1, C4, C7, C13 C13 
C14 C14 C1, C4, C6, C7, C11, C12, C14 C14 
C15 C15 C1, C4, C6, C7, C11, C12, C15 C15 

(6) Finally, a hierarchical pathway depicting the interactive relationships among indica-
tors can be constructed from the ISM model, as illustrated in Figure 2. In this diagram, 
red arrows indicate adjacent-level influences, while green arrows represent cross-
level influences. The influencing factors are categorized into five priority tiers: C1, 
C4, and C7 occupy the highest priority tier; C2, C3, and C13 form the second tier; C5, 
C8, and C9 constitute the third tier; C6, C12, and C11 belong to the fourth tier; with 
C14, C10, and C15 positioned at the lowest tier. The construction of a sustainable 
development system for the LAE industry necessitates a sequential approach starting 
from the highest priority tier, with meticulous attention to inter-tier connections and 
transitions, ultimately achieving the value objectives of the final tier. 

Figure 2 reveals a clear five-level hierarchical structure, illustrating the logical path-
way for achieving sustainable development in the LAE industry. This structure is not ar-
bitrary; rather, it demonstrates a clear dependency chain. 

The Strategic Origin Layer (Level 1), containing C1, C4, and C7, serves as the foun-
dation. This implies that before any technological or operational progress can be made, 
the fundamental issues of market demand, policy support, and public perception must be 
addressed. These act as the absolute prerequisites. 

The arrows pointing from Level 1 to Level 2 (Technological Breakthrough Layer) in-
dicate that strong policy and market demand drive and enable technological and financial 
innovation. For instance, it is difficult for C2 (Technological Innovation) to advance with-
out the robust support of C4 (Policy Drivers). 

This cascading effect propagates upward through the hierarchy. The Value Realiza-
tion Layer (Level 5) is positioned at the top, signifying that outcomes like green products 
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(C14) and innovative scenarios (C10) are the final results of a well-functioning system. 
They can only be realized after the strategic, technological, resource, and institutional lay-
ers below them are properly established. Ultimately, this hierarchical model provides a 
clear, step-by-step roadmap for policymakers and industry practitioners. 

 

Figure 2. Hierarchical structure result diagram of the ISM model. 

5. Discussion 
From the perspective of NQPF, this study systematically analyzes the influencing 

factors of sustainable development in the LAE industry across economic, social, and en-
vironmental dimensions. The results show that these factors do not exist in isolation, but 
have profound structural relationships. These relationships reflect the construction logic 
of the core of NQPF within the LAE industry and provide actionable pathway support for 
building a sustainable development system for the LAE industry. 

From the perspective of industrial economics, the role of NQPF in promoting the 
sustainable development of the LAE industry is mainly reflected in a continuous process 
involving strategic guidance, technological capability enhancement, resource factor allo-
cation, institutional synergy, and industrial value transformation. Specifically, market de-
mand, policy support, and the LAE concept provide demand traction, institutional supply, 
and cognitive foundations for industrial development. Low-altitude technological inno-
vation, financial innovation, and green energy support enhance the capabilities of low-
altitude aircraft manufacturing, sensing and communication, airspace management, and 
operational services. The optimized allocation of airspace resources, new production fac-
tors, and professional talent improves the factor supply structure of the industrial chain. 
Regulatory innovation, the digital information environment, and collaboration and shar-
ing reduce institutional costs, safety risks, and coordination costs among stakeholders. 
Ultimately, these capabilities are transformed into sustainable development outcomes of 
the LAE industry through green product innovation, scenario innovation, and green life-
styles. 

It should be noted that the hierarchical division of the ISM model mainly reflects the 
structural dependence and transmission relationships among factors. It is not a direct de-
scription of the chronological sequence of industrial development, nor does it represent a 
simple ranking of factor importance. Therefore, higher-priority factors mainly play pre-
ceding and guiding roles in the system, whereas outcome-oriented factors are more likely 
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to reflect the results of interactions among multiple driving conditions. In the LAE indus-
try, the Strategic Origin Layer provides demand traction, policy support, and cognitive 
foundations; the Technological Breakthrough Layer transforms these strategic orienta-
tions into technological capabilities, financial support, and green energy conditions; the 
Resource Guarantee Layer supports airspace opening, data flow, and talent supply; the 
Institutional Synergy Layer reduces safety risks, institutional costs, and coordination costs 
through regulatory innovation, digital information environments, and collaboration; and 
the Value Realization Layer is ultimately manifested in green products, application sce-
narios, and green lifestyles. Meanwhile, the relationships among layers are not purely 
one-way. For example, policy support and market demand can directly promote scenario 
pilots such as low-altitude logistics, emergency rescue, and urban governance; technolog-
ical innovation and green energy applications can also require improvements in regula-
tory rules, digital platforms, and collaborative mechanisms; and the supply of airspace 
resources, data elements, and professional talent directly affects whether LAE application 
scenarios can be implemented at scale. Thus, the five-layer structure reveals how different 
factors interact and jointly promote the sustainable development of the LAE industry. 

Existing studies have provided valuable discussions on LAE development from the 
perspectives of policy support [22], airspace governance [24], technological innovation, 
infrastructure construction [23], application scenario expansion, and green transformation. 
However, most of these studies focus on specific dimensions or partial pathways of LAE 
development, while the internal logic through which NQPF systematically drive the sus-
tainable development of the LAE industry across economic, social, and environmental di-
mensions still requires further clarification. Compared with existing studies, the contribu-
tion of this study does not lie merely in identifying a set of influencing factors. Rather, 
based on the Triple Bottom Line theory and the NQPF perspective, this study incorporates 
these factors into a unified analytical framework. More importantly, the Fuzzy-DE-
MATEL-ISM method reveals the causal relationships and hierarchical progression among 
these factors, thereby not only explaining which factors influence the sustainable devel-
opment of the LAE industry, but also further clarifying how these factors interact and 
evolve into a systematic development pathway. Based on this logic, the following discus-
sion is organized around the Strategic Origin Layer, Technological Breakthrough Layer, 
Resource Guarantee Layer, Institutional Synergy Layer, and Value Realization Layer. 

5.1. Strategic Origin Layer 

Within the framework, three indicators—New Demand Drivers in the LAE (C1), Pol-
icy-Driven Development (C4), and LAE Concept (C7)—constitute the first tier, the Strate-
gic Origin Layer. These indicators, with the highest centrality, serve as prerequisites for 
the industry’s emergence and primary tasks for achieving high-quality development. Ac-
tively cultivating new demands in the LAE through expanding consumer, investment, 
and international demands strengthens the foundational support, critical traction, and dy-
namic regulatory role of demand in economic development, thereby creating favorable 
market conditions, solidifying market foundations, and stimulating market vitality. Sec-
ond, the industry’s emergence and growth rely on policy drivers. Implementing a coordi-
nated policy “toolkit” and formulating targeted policies are crucial for mitigating low-
altitude consumption risks and nurturing industry leaders. Furthermore, rapid industry 
development requires societal recognition. Popularizing the concept of the LAE effec-
tively dismantles cognitive barriers, fosters consensus, and provides a robust social foun-
dation and public support for the industry’s transition from R&D investment to product 
application. Thus, economic objectives (new demands and policy drivers) and social ob-
jectives (conceptual adoption) jointly form the Strategic Origin Layer. Economic goal at-
tainment necessitates social recognition, while social recognition deepening depends on 
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economic outcomes from industrial development. These dimensions are interdependent 
and mutually reinforcing, highlighting the critical economic and social development pri-
orities for the LAE industry. As the starting point of the hierarchical structure, the Strate-
gic Origin Layer first transmits its influence to the Technological Breakthrough Layer by 
stabilizing market expectations, strengthening policy legitimacy, and improving social ac-
ceptance. Meanwhile, this layer also exerts cross-level effects on the Value Realization 
Layer, as policy support, market demand, and public cognition can directly influence the 
selection of pilot scenarios, the diffusion of green products, and public participation in 
low-altitude services. 

5.2. Technological Breakthrough Layer 

From the NQPF perspective, Low-Altitude Technological Innovation (C2), Financial 
Innovation (C3), and Green Energy Support (C13) constitute the Technological Break-
through Layer, representing the industry’s hard power. Technological innovation serves 
as the core driver of low-altitude economic development. Breakthroughs in key technolo-
gies accelerate application and industrial chain transformation, addressing “bottleneck” 
challenges, improving operational efficiency, reducing costs, and creating high-value-
added sectors, thereby enhancing competitiveness and fostering new economic growth 
points. Financial innovation provides stable funding for R&D and industrial upgrading. 
By implementing financial innovation initiatives and strengthening financial services’ role 
in supporting the real economy, the healthy development of “high-precision” technolo-
gies and upstream-downstream industrial chains in the LAE is promoted. Simultane-
ously, green energy support offers critical environmental backing for sustainable devel-
opment. Clean energy adoption reduces carbon emissions and enables low-altitude flight 
integration into urban life, aligning economic and societal value creation. Therefore, while 
pursuing technological innovation and financial support, strengthening green energy 
support is essential to ensure synchronous progress in industrial development and eco-
logical civilization construction, achieving organic unity between economic benefits and 
social value. Under the guidance of the Strategic Origin Layer, the Technological Break-
through Layer transforms demand traction and policy support into technological capabil-
ities, financial support, and green energy conditions, and further transmits these enabling 
conditions to the Resource Guarantee Layer. In addition, this layer also exerts cross-level 
effects on the Institutional Synergy Layer, since new aircraft technologies, digital plat-
forms, and green energy applications require corresponding regulatory rules, information 
systems, and collaborative governance mechanisms. 

5.3. Resource Guarantee Layer 

Airspace Resource Utilization (C5), New Production Factors (C8), and Talent Devel-
opment (C9) collectively form the Resource Guarantee Layer, providing spatial, produc-
tion, and intellectual resources for industrial operations. Low-altitude flight activities, the 
industry’s core business, depend heavily on scientific airspace allocation. Establishing dy-
namic, intelligent airspace management systems enables refined utilization, significantly 
lowering operational costs, improving efficiency, and supporting diverse applications like 
logistics, emergency response, and urban commuting. Input of new production factors 
drives industrial resource optimization and spurs innovative business models, improving 
production and lifestyle efficiency while introducing novel production elements (e.g., 5G, 
Beidou navigation, new energy materials, intelligent equipment). However, sustained in-
put has exposed contradictions between talent structures and industry demands, reveal-
ing lagging talent development and supply shortages. Thus, sustainable development re-
quires strengthening professional talent recruitment and training to build a skilled work-
force. This tier demonstrates the critical roles of airspace, factorial, and human resources 



Sustainability 2026, 18, 7150 20 of 26 
 

https://doi.org/10.3390/su18147150 

in sustainable development, with airspace utilization (economic) and new production fac-
tors/talent development (social) underscoring their interdisciplinary importance. The Re-
source Guarantee Layer receives the enabling conditions formed by the Technological 
Breakthrough Layer and further converts them into operational resources, including air-
space availability, data elements, intelligent equipment, and professional talent. These re-
sources provide an important basis for the Institutional Synergy Layer, as the expansion 
of low-altitude operations requires stronger regulatory coordination, digital information 
support, and inter-organizational collaboration. At the same time, this layer also directly 
affects the Value Realization Layer, because the availability of key resources determines 
whether application scenarios such as low-altitude logistics, emergency rescue, and urban 
governance can be implemented at scale. 

5.4. Institutional Synergy Layer 

Regulatory Innovation (C6), Digital Information Environment (C12), and Collabora-
tion and Sharing (C11) constitute the Institutional Synergy Layer, serving as soft connect-
ors for enhancing industrial efficiency. Safety underpins low-altitude economic develop-
ment, with risks spanning national, public, and data security. Healthy industry growth 
necessitates regulatory innovation to refine safety supervision philosophies, models, and 
systems. Leveraging internet and big data technologies improves information sharing and 
flight efficiency while reducing resource waste from information silos and accidents. Col-
laboration and sharing expands markets and drives development by enhancing openness 
to learn advanced Western technologies and management practices while capturing 
global consumer markets. It also fosters regional and enterprise-level collaboration, en-
couraging resource and technology sharing among low-altitude firms. This tier highlights 
the interplay of social (regulatory innovation, collaboration and sharing) and environmen-
tal (digital information) factors, emphasizing that institutional optimization, information 
flow, and ecological cooperation are vital for sustainable development. Based on the re-
sources provided by the Resource Guarantee Layer, the Institutional Synergy Layer or-
ganizes low-altitude operations through regulatory innovation, the digital information 
environment, and collaboration and sharing, thereby transmitting its influence to the 
Value Realization Layer. This layer indicates that the LAE industry cannot rely solely on 
technology and resources for development. Given the safety-sensitive and multi-stake-
holder nature of the LAE industry, technological capabilities and resource conditions 
must be transformed into safe, efficient, and trustworthy industrial operations through 
institutional coordination. 

5.5. Value Realization Layer 

Green Product Innovation (C14), Scenario Innovation (C10), and Green Lifestyle 
(C15) form the final Value Realization Layer, representing the industry’s ultimate form. 
This layer reflects the cumulative outcomes of the preceding layers and shows how tech-
nological breakthroughs, resource allocation, and institutional optimization are ulti-
mately translated into practical industrial value. Green product innovation drives sustain-
able development through eco-friendly R&D and production, aligning with global green 
transitions. Scenario innovation bridges technology application and societal needs by ex-
panding low-altitude transport, logistics, and emergency response applications, meeting 
strategic demands and improving public services. Cultivating green lifestyles by promot-
ing eco-conscious consumption and low-carbon travel establishes a virtuous cycle: market 
demand drives corporate innovation, corporate innovation leads to industrial upgrading, 
and industrial upgrading facilitates societal transformation. This tier prioritizes environ-
mental and social solutions, urging the industry to meet economic goals while adhering 
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to triple value standards of environmental friendliness and social benefit. The Value Re-
alization Layer receives the influence transmitted from the Institutional Synergy Layer 
and represents the final manifestation of the economic, social, and environmental values 
of the LAE industry. Green product innovation, scenario innovation, and green lifestyles 
are more likely to emerge when strategic guidance, technological capabilities, resource 
conditions, and institutional coordination are effectively aligned. Although scenario inno-
vation is often regarded as an important driving force in the practical development of the 
LAE industry, its large-scale realization depends on upstream conditions such as policy 
support, technological maturity, airspace availability, regulatory coordination, digital 
platforms, and public acceptance. Therefore, in the ISM hierarchy, scenario innovation is 
positioned in the Value Realization Layer, which does not imply that it is unimportant, 
but rather indicates that it mainly serves as a direct carrier of industrial value and appli-
cation transformation. 

6. NQPF-Driven Sustainable Development System for the  
LAE Industry 

To better understand the theoretical framework of this paper, we further construct a 
sustainable development system for the LAE industry based on NQPF from a stakeholder 
perspective, and explain the roles played by various stakeholders in the sustainable de-
velopment of the LAE industry, as illustrated in Figure 3. 

 

Figure 3. Stakeholder relationship diagram for LAE industry sustainable development. Blue, or-
ange, and green distinguish the government, enterprise, and user dimensions, respectively. Black 
solid arrows indicate direct influence or interaction, teal dashed arrows indicate collaborative link-
ages with multi-stakeholder collaboration, single-headed arrows indicate directional influence, 
and double-headed arrows indicate mutual influence or dynamic feedback. 

As shown in Figure 3, the government, enterprises, and users jointly promote indus-
trial upgrading, scenario expansion, and high-quality development of the LAE, embed-
ding NQPF throughout the entire process of sustainable development of the LAE indus-
try. 
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First, at the government level, the government provides the foundational conditions 
for the development of the LAE industry through institutional guarantees and rule con-
struction. Legislative departments and industrial policy-making bodies, via regulatory in-
novation and policy drivers, create a favorable industrial development environment. In-
dustry management departments and airspace regulatory authorities aggregate various 
factor resources for industrial development. By regulating the behavior of market entities, 
the government effectively reduces institutional and security risks during the develop-
ment of the LAE. Meanwhile, government policy support and regulatory rules further 
influence corporate decision-making and user preferences. 

Second, at the enterprise level, enterprises enhance the development level of the LAE 
industry mainly through technological innovation and industrial collaboration. Various 
entities participate in industrial development by providing capital support, infrastructure 
guarantees, scenario operations, technology and product innovation, thereby promoting 
upstream and downstream synergy across the LAE industry chain and facilitating the 
transformation of technological achievements. In addition, enterprise practices provide 
empirical grounds for government institutional improvement, while continuously opti-
mizing product functions, service models, and business paths to meet user needs. 

Finally, at the user level, users drive the realization of industrial value of the LAE 
primarily through demand traction and application feedback. Individual users, enterprise 
users, and public service users put forward diverse demands from aspects such as daily 
consumption, production and operations, and public governance, thus promoting the im-
plementation of LAE scenarios. User demand provides direction for enterprise technolog-
ical innovation and service optimization, and also offers empirical evidence for the gov-
ernment to refine regulatory policies and optimize the allocation of public resources. 

Thus, the three parties—government, enterprises, and users—do not function in iso-
lation but rather work together to promote the development of the LAE industry through 
mutual influence and dynamic feedback. Relying on NQPF, and guided by government 
leadership, enterprise-driven innovation, and user-led demand, factor integration is 
achieved, ultimately reaching the goal of multi-stakeholder collaborative empowerment 
for the sustainable development of the LAE industry. 

7. Conclusions 
Currently, academic research on the LAE has increasingly recognized the pivotal role 

of NQPF in driving its development. However, systematic investigations into the sustain-
able development of the LAE industry remain superficial. This study systematically ex-
amines the core mechanisms of NQPF underpinning sustainable development in the LAE 
industry, analyzing the interrelationships among its economic, social, and environmental 
factors while elucidating their operational dynamics. By employing an integrated Fuzzy-
DEMATEL-ISM methodology, this research constructs a hierarchical framework for sus-
tainable development in the LAE industry based on the logic of NQPF. As a strategic 
emerging industry, the Strategic Origin Layer represents the foundational prerequisite 
and paramount task for the industry’s inception. The Technological Breakthrough Layer 
constitutes the hard power driving industrial advancement, while the Resource Guaran-
tee Layer provides essential resource support for operational sustainability. The Institu-
tional Synergy Layer enhances industrial efficiency through systemic optimization, and 
the Value Realization Layer signifies the ultimate form of industrial development. Over-
all, the findings indicate that the sustainable development of the LAE industry is not 
driven by any single factor. Rather, under the logic of NQPF, it is jointly promoted by the 
hierarchical progression, interaction, and systemic coordination of multidimensional fac-
tors. 
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This study still has several limitations. First, although the Triple Bottom Line theory 
provides an analytical framework for the sustainable development of the LAE industry 
from economic, social, and environmental dimensions, it remains insufficient in explain-
ing issues specific to emerging digital and general aviation-related industries, such as air-
space safety, data governance, algorithm application, and multi-stakeholder coordination. 
At the same time, some influencing factors in the LAE industry have cross-dimensional 
attributes and cannot be fully classified into a single dimension. Second, the identification 
of influencing factors and the judgment of factor relationships in this study are mainly 
based on literature analysis and expert evaluation. Although fuzzy set theory and the 
CFCS defuzzification method can reduce the uncertainty of expert linguistic evaluations, 
the results may still be affected by differences in expert sample size, professional back-
ground, and practical experience. Third, the LAE industry is still in a stage of rapid devel-
opment, and its technological system, policy environment, airspace management model, 
and application scenarios are continuously evolving. Therefore, the hierarchical structure 
constructed in this study mainly reflects the relative relationships among influencing fac-
tors at the current stage of development, and the importance of some factors and their 
interaction mechanisms may change as the industry evolves. 

Future research can be further extended in the following aspects. First, dynamic data, 
longitudinal tracking studies, or system dynamics methods can be used to examine the 
dynamic evolution of the sustainable development system of the LAE industry. Second, 
regional data, typical cases, or empirical models can be further incorporated to verify the 
actual effects of different factors and compare the differences in sustainable development 
pathways of the LAE industry across regions. Meanwhile, as issues such as artificial intel-
ligence, digital twins, intelligent airspace governance, and public acceptance become in-
creasingly important, future studies can continue to optimize the indicator system to en-
hance the explanatory power and practical applicability of the proposed framework. 

Author Contributions: Conceptualization, methodology, writing-original draft preparation, super-
vision, X.X. (Xingqun Xue); writing-original draft preparation, writing-review and editing, X.Y. 
(Xinying Yang); Visualization, Writing-review & editing, Y.L. (Yifei Liu). All authors have read and 
agreed to the published version of the manuscript. 

Funding: This research was funded by the Liaoning Provincial Social Science Federation of China, 
funding name: Economic and Social Development Project, funding number: 2025lslybkt-028. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The data are available upon reasonable request. 

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

References 
1. Liu, Z.; Zhang, H.; Guo, C.; Yang, Y. New quality productive forces enabling high-quality development: Mechanism, measure-

ment, and empirical analysis. Sustainability 2025, 17, 8146. 
2. Du, S.; Yang, J. The role of new-quality productivity in the sustainable development of the economic-social-environmental sys-

tem: Evidence from 67 ethnic counties in Sichuan Province. Sustainability 2025, 17, 9609. 
3. Lang, Y.; Zhu, S.; Yin, M.; Cai, R.; Lv, K. Digital government construction, high-quality development of the low-altitude econ-

omy, and regional energy intensity: Evidence from the development of China’s low-altitude future industry. Sustainability 2026, 
18, 4657. 

4. Wang, S.; Xing, G. China’s low-altitude economy: Theoretical foundations, development status, and policy directions. China 
Econ. 2025, 20, 68–100. 



Sustainability 2026, 18, 7150 24 of 26 
 

https://doi.org/10.3390/su18147150 

5. Xing, Z.; Li, L.; Yang, Y.; Zhou, W.; Ma, G.; Chen, S.; Lyu, L.; Li, X. A lightweight model for indoor object detection in unstruc-
tured scenes based on joint attention and prior knowledge in the context of home rehabilitation. J. King Saud Univ. Comput. Inf. 
Sci. 2026, 38, 186. 

6. Xing, Z.; Meng, Z.; Zheng, G.; Yang, L.; Guo, X.; Tan, L.; Jiang, Y. Human-computer interactive rehabilitation: A 3D graph deep 
learning method for non-contact gesture recognition in post-epidemic and aging societies. Measurement 2026, 257, 118794. 

7. Zhang, M.; Yang, J. Agri-food supply chain resilience: An exploration of influencing factors based on fuzzy-DEMATEL-ISM 
analysis. PLoS ONE 2025, 20, e0338492. 

8. Mathiyazhagan, K.; Govindan, K.; NoorulHaq, A.; Geng, Y. An ISM approach for the barrier analysis in implementing green 
supply chain management. J. Clean. Prod. 2013, 47, 283–297. 

9. Cheng, M.; Liu, L.; Cheng, X.; Tao, L. Risk analysis of public-private partnership waste-to-energy incineration projects in China: 
A hybrid fuzzy DEMATEL-ISM approach. Eng. Constr. Archit. Manag. 2024, 31, 4255–4280. 

10. Sathyan, R.; Palanisamy, P.; Suresh, G.; Navin, M. Modelling the drivers of responsiveness of automotive supply chain using 
an integrated fuzzy DEMATEL-ISM approach. J. Glob. Oper. Strateg. Sourc. 2024, 17, 209–229. 

11. Elkington, J. Partnerships from cannibals with forks: The triple bottom line of 21st-century business. Environ. Qual. Manag. 1998, 
8, 37–51. 

12. Slaper, T.F.; Hall, T.J. The triple bottom line: What is it and how does it work? Ind. Bus. Rev. 2011, 86, 4–8. 
13. Ahi, P.; Searcy, C. Assessing sustainability in the supply chain: A triple bottom line approach. Appl. Math. Model. 2015, 39, 2882–

2896. 
14. Martin, H.; Martin, R.; Zukauskaite, E. The multiple roles of demand in new regional industrial path development: A conceptual 

analysis. Environ. Plan. A 2019, 51, 1741–1757. 
15. Wang, M.; Liu, W. An empirical analysis of the impact of Chinese government investment on high-quality economic develop-

ment: A study based on spatial Durbin model. PLoS ONE 2023, 18, e0283073. 
16. Meng, Q.; Di, Q.; Liu, Y.; Chen, X. How new quality productivity becomes a new driving force for marine economy high-quality 

development: An empirical analysis based on new technology, new forms, and new economy. Water 2025, 17, 987. 
17. Dai, D.; Zheng, Y. The new quality productive force, science and technology innovation, and optimization of industrial struc-

ture. Sustainability 2025, 17, 4439. 
18. Haessler, P.; Giones, F.; Brem, A. The who and how of commercializing emerging technologies: A technology-focused review. 

Technovation 2023, 121, 102637. 
19. Cheng, S.Y.; Yu, C.P.; Hou, H. Financial innovation and economic development: Evidence from different stages of financial 

development. Manch. Sch. 2026, 94, 1–23. 
20. Liu, X.; Tian, H.; Leng, Z.; Ma, Y. Financial technology, financing constraints, and future industrial development. Financ. Res. 

Lett. 2025, 73, 106671. 
21. Zhao, J. How do innovation factor allocation and institutional environment affect high-quality economic development? Evi-

dence from China. J. Innov. Knowl. 2024, 9, 100475. 
22. Zhou, B.; Gao, Y.; Sheng, J. Low-altitude economic policies and entrepreneurial activity: Policy push or market pull? Financ. 

Res. Lett. 2026, 102, 110082. 
23. Lin, S.; Gao, Z. Governing the regional low-altitude economy: State-led development in emerging transport systems. Transp. 

Policy. 2026, 183, 104142. 
24. Luo, G.; Li, J.; Zhang, Q.; Feng, Z.; Yuan, Q.; Lin, Y.; Zhang, H.; Cheng, N.; Zhang, P. Toward low-altitude airspace management 

and UAV operations: Requirements, architecture and enabling technologies. IEEE Wirel. Commun. 2026, 33, 45–55. 
25. Xu, C.; Liao, X.; Tan, J.; Ye, H.; Lu, H. Recent research progress of unmanned aerial vehicle regulation policies and technologies 

in urban low altitude. IEEE Access 2020, 8, 74175–74194. 
26. Apaza, R.D.; Han, R.; Li, H.; Knoblock, E.J. Intelligent spectrum and airspace resource management for urban air mobility using 

deep reinforcement learning. IEEE Access 2024, 12, 164750–164766. 
27. Peng, Y.; Tao, C. Can digital transformation promote enterprise performance? From the perspective of public policy and inno-

vation. J. Innov. Knowl. 2022, 7, 100198. 
28. Zhang, H.; Kim, H. Institutional quality and FDI location: A threshold model. Econ. Model. 2022, 114, 105942. 
29. Guan, X.; Shi, H.; Xu, D.; Zhang, B.; Wei, J.; Chen, J. The exploration and practice of low-altitude airspace flight service and 

traffic management in China. Green Energy Intell. Transp. 2024, 3, 100149. 
30. Wang, Q.; Chen, X. Can new quality productive forces promote inclusive green growth: Evidence from China. Front. Environ. 

Sci. 2024, 12, 1499756. 



Sustainability 2026, 18, 7150 25 of 26 
 

https://doi.org/10.3390/su18147150 

31. Li, S. Analysis of the prospect of new energy and low-altitude economy industry combination under the background of low-
carbon economy. Acad. J. Bus. Manag. 2024, 6, 179–183. 

32. Li, L.; Liu, Z. Sustainable evolution of China’s provincial new quality productivity based on three dimensions of multi-period 
development and combination weights. Sustainability 2024, 16, 11259. 

33. Zou, T. Technological innovation promotes industrial upgrading: An analytical framework. Struct. Change Econ. Dyn. 2024, 70, 
150–167. 

34. Liao, S.; Zhao, C.; Chen, M.; Yuan, J.; Zhou, P. Innovative strategies for talent cultivation in new ventures under higher educa-
tion. Front. Psychol. 2022, 13, 843434. 

35. Sowmiya, J.; Kalaiselvi, K. Predicting instructor performance in higher education using intelligent agent systems. EAI Endorsed 
Trans. Energy Web. 2020, 7, 30. 

36. Bine, L.M.S.; Boukerche, A.; Ruiz, L.B.; Loureiro, A.A.F. Connecting internet of drones and urban computing: Methods, proto-
cols and applications. Comput. Netw. 2024, 239, 110136. 

37. Duan, R.; Mao, Y.; Chen, J.; Song, J. Communications in urban low-altitude drone logistics networks: Requirements, solutions 
and challenges. China Commun. 2025, 22, 37–47. 

38. Nahiyoon, S.A.; Ren, Z.; Wei, P.; Li, X.; Li, X.; Xu, J.; Yan, X.; Yuan, H. Recent development trends in plant protection UAVs: A 
journey from conventional practices to cutting-edge technologies—A comprehensive review. Drones 2024, 8, 457. 

39. De Faria, P.; Lima, F.; Santos, R. Cooperation in innovation activities: The importance of partners. Res. Policy. 2010, 39, 1082–
1092. 

40. Liu, B.; Ni, W.; Liu, R.P.; Zhu, H. Cooperation without compromise: Securing UAV collaboration in the low-altitude economy. 
IEEE Wirel. Commun. 2026, 33, 80–88. 

41. Bilger, A. Moving Toward an Information-Driven Workplace. Forbes, 9 April 2021. Available online: 
https://www.forbes.com/councils/forbestechcouncil/2021/04/09/moving-toward-an-information-driven-workplace/ (accessed 
on 20 December 2024). 

42. Burns, K.J.; Bonaceto, C.A.; Estes, S.L.; Helleburg, J.R. Quantifying the safety benefits of a digital copilot in general aviation. J. 
Aerosp. Inf. Syst. 2019, 16, 296–306. 

43. Chen, Y.; Song, J.H. The technological innovation efficiency of China’s renewable energy enterprises: An estimation based on a 
three-stage DEA model. Sustainability 2023, 15, 6342. 

44. Meng, Z.; Ji, J.; Liu, L.; Liu, S.; Sun, Z.; Xiao, Q.; Yang, Z. eVTOL aircraft for the low-altitude economy: A review of development 
history, core technologies, and future trends. Case Stud. Transp. Policy 2025, 22, 101629. 

45. Çinar, H.; Ignatyev, D.; Zolotas, A. A comprehensive review and future challenges of energy-aware path planning for small 
unmanned aerial vehicles with hydrogen-powered hybrid propulsion. Aeronaut. J. 2025, 129, 1468–1493. 

46. Nakamura, H. Sustainability of urban low-altitude transportation infrastructure: Environmental impacts, carbon reduction 
pathways, and policy optimization. Int. J. Urban Airspace Econ. Technol. 2025, 1, 27–38. 

47. Yang, S.; Chai, J. The influence of enterprises’ green marketing behavior on consumers’ green consumption intention: Mediating 
role and moderating role. Sustainability 2022, 14, 15478. 

48. Yu, J.J.; Tang, C.S.; Shen, Z.J.M. Improving consumer welfare and manufacturer profit via government subsidy programs: Sub-
sidizing consumers or manufacturers? Manuf. Serv. Oper. Manag. 2018, 20, 752–766. 

49. Ones, D.S.; Wiernik, B.M.; Dilchert, S.; Klein, R.M. Multiple domains and categories of employee green behaviours: More than 
conservation. In Research Handbook on Employee Pro-Environmental Behaviour; Wells, V.K., Gregory-Smith, D., Manika, D., Eds.; 
Edward Elgar Publishing: Cheltenham, UK, 2018; pp. 13–38. 

50. Wan, L.; Chen, Z.; Zheng, Q.; Wang, S.; Wei, J. Green lifestyles: A review and prospects. J. Environ. Manag. 2025, 380, 124907. 
51. Rustam, A.; Wang, Y.; Zameer, H. Environmental awareness, firm sustainability exposure and green consumption behaviors. J. 

Clean. Prod. 2020, 268, 122016. 
52. Mohammadfam, I.; Aliabadi, M.M.; Soltanian, A.R.; Tabibzadeh, M.; Mahdinia, M. Investigating interactions among vital vari-

ables affecting situation awareness based on fuzzy DEMATEL method. Int. J. Ind. Ergon. 2019, 74, 102842. 
 



Sustainability 2026, 18, 7150 26 of 26 
 

https://doi.org/10.3390/su18147150 

53. Altuntas, S.; Selim, H.; Dereli, T. A fuzzy DEMATEL-based solution approach for facility layout problem: A case study. Int. J. 
Adv. Manuf. Technol. 2014, 73, 749–771. 

54. Opricovic, S.; Tzeng, G.H. Compromise solution by MCDM methods: A comparative analysis of VIKOR and TOPSIS. Eur. J. 
Oper. Res. 2004, 156, 445–455. 

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


