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Abstract. China's ice and snow industry is transitioning from its early development stage to
a new phase of high-quality development. This study retrieved articles from core journals in
the China National Knowledge Infrastructure (CNKI) database published between 2015 and
2025, using "ice and snow sports" and "industry" as keywords. After screening, 169 articles
were included and systematically reviewed using thematic analysis. The results show that
China's ice and snow industry faces management challenges including a "top-heavy"
industrial chain (weak downstream links), unbalanced regional development, a shortage of
interdisciplinary talent, insufficient core technologies, superficial industrial integration, and
high pressure for green development. The study proposes solutions such as improving the
industrial chain integration mechanism, optimizing spatial layout, building a multi-level
talent cultivation system, strengthening technological innovation, deepening "ice-snow+"
integration, and improving the standardization system, thereby providing a theoretical
reference for the high-quality development of the ice and snow industry.
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1. Introduction

At present, China's ice and snow economy is transitioning from its early development stage to a new
phase of high-quality development characterized by industrialization, scaling-up, and
systematization. The Several Opinions of the General Office of the State Council on Stimulating the
Vitality of the Ice and Snow Economy through the High-Quality Development of Ice and Snow
Sports clearly sets a strategic goal of achieving a total scale of 1.5 trillion yuan for the ice and snow
economy by 2030, emphasizing the need to take ice and snow sports as the driver to promote
coordinated development across the entire industry chain [1]. Driven by both this policy support and
market enthusiasm, the ice and snow industry has demonstrated strong growth momentum and broad
development prospects. However, beneath the prosperous surface of rapid industrial expansion, a
series of deep-seated management challenges have gradually emerged.

First, the issue of unbalanced regional development has become increasingly prominent. Relying
on its natural endowments, the northern region has concentrated the core resources and talent
advantages of China's ice and snow industry, with its industry chain becoming increasingly mature.
By contrast, restricted by climatic conditions, the southern region lags behind in the development of
ice and snow sports, facing high construction and operating costs for ice and snow venues and a
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weak industrial development foundation. Second, there is a serious mismatch between the supply of
interdisciplinary talent in ice and snow sports and the speed of industrial expansion. The long
training cycle and high entry barriers for talent development make it difficult to meet the urgent
demand for diversified professional talent in areas such as operations management, technological
research and development, and event services [2], with talent shortage having become a key
bottleneck constraining industrial quality improvement and efficiency enhancement. Third, the
industrial coordination mechanism remains inadequate. The existing policy system still has
deficiencies in guiding the effective connection of various links in the industry chain and promoting
resource integration and market information sharing [3], leading to frequent problems such as
industrial chain fragmentation, low resource utilization efficiency, and loss of industrial value.
Fourth, against the backdrop of global climate warming and tightening natural carrying capacity, the
natural endowments upon which the ice and snow industry depends face uncertainty. How to
achieve sustainable development has become a major challenge that the industry must confront
directly.

Faced with these issues, how to promote the ice and snow industry from scale expansion to high-
quality development, and how to tap "industrial depth" and address "management shortcomings"
while maintaining "market heat," have become major concerns shared by both academia and
industry under the new circumstances, new demands, and new developments. Based on this, this
study systematically reviews the industrial development process of ice and snow sports and the
current management challenges it faces, deeply analyzes the structural causes of the problems, and
explores feasible response strategies, aiming to provide theoretical reference and practical insights
for promoting the high-quality development of China's ice and snow industry.

2. Methods

2.1. Search strategy

The China National Knowledge Infrastructure (CNKI) database was used for the literature search.
The search period was from January 1, 2015 to December 31, 2025. The keywords "ice and snow
sports" and "industry" were used for searching in the CNKI database. The source categories were
limited to Peking University Core journals, CSSCI (Chinese Social Sciences Citation Index), and
CSCD (Chinese Science Citation Database).

2.2. Literature exclusion criteria

The following types of literature were excluded: (1) literature that did not cover ice and snow sports
or the industry; (2) literature that, although touching upon ice and snow sports, did not focus on
industrial development or management; (3) literature that, although involving industry or
management, did not take China as the research context or adopted an overly micro perspective; (4)
duplicate publications of the same study in different journals, of which only one copy was retained.

2.3. Literature screening

During the literature screening stage, the researchers reviewed the literature strictly in accordance
with the preset search strategy and exclusion criteria. First, clearly irrelevant literature was excluded
based on titles. Second, literature that did not meet the content criteria was excluded based on
abstracts. Finally, the literature to be included in the analysis was determined through full-text close
reading. A total of 288 relevant records were initially obtained from the CNKI database. After
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removing 86 irrelevant or duplicate records, 192 records remained after initial screening. The full
texts of these 192 records were downloaded. A further 23 records were excluded, including 16
adopting a micro perspective and 7 focusing on foreign contexts (Figure 1).

Figure 1. Flow chart of literature screening

3. Results

This study systematically extracted the following key information from the 169 included articles as
raw data for analysis: article titles, publication years, authors, author affiliations, source journals,
keywords, and abstracts. Through close reading of the raw data, the research content and core
arguments of all included articles were thoroughly synthesized and categorized. This process
ultimately yielded 2 first-level themes, 6 second-level themes, and 18 third-level themes related to
this systematic review (Table 1). The analytical process strictly followed the standard requirements
of thematic analysis, ensuring rigour, systematicity, and transparency in data organization and
analysis through repeated reading of raw data and accurate categorization.

Table 1. Hierarchical structure of studies on ice-snow sports industry development and management challenges

First-level Theme Second-level Theme Third-level Theme
Number of

Included Articles
(n)

Industrial Development
Foundation and Current

Status

Industrial Development
History and Strategy Policy-driven effect of the Winter Olympics 35

"Southward Expansion, Westward Stretch,
Eastward Advance" strategy 12

Post-Winter Olympics sustainable
development 28

Industrial Structure and
Chain

Modernization and integration model of the
industrial chain 24

Evolution of industrial clusters and spatial
patterns 18
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Development of ice-snow equipment
manufacturing 15

Industrial Integration
and New Business

Forms

Integration of culture, sports, and tourism
industries 32

Ice-snow tourism and regional economy 41
Integration of digital technology with the

ice-snow industry 22

High-Quality Development
and Dynamic Mechanisms

High-Quality
Development Pathways

New quality productive forces empowering
the ice-snow economy 26

Dynamic mechanisms for the transformation
and upgrading of the ice-snow industry 20

Supply-side reform and demand-side
management 16

Regional Coordinated
Development

Ice-snow industry development in Northeast
China 38

Coordinated development of the ice-snow
industry in the Beijing-Tianjin-Hebei region 19

Ice-snow industry expansion in southern
China 11

Innovation-Driven
Factors

Technological innovation and industrial
empowerment 24

Talent cultivation system 17
Ice-snow culture and brand building 20

Management Challenges and
Practical Pathways Policy and Governance Policy instruments and evaluation 21

Industrial governance and institutional
supply 15

Standard system and market supervision 10

4. Discussion

4.1. Development foundation and current status of China's ice and snow sports industry

China's ice and snow sports industry has developed rapidly, supported by major sporting-event
spillovers, the continued release of policy dividends, and the ongoing optimization of industrial
structure. Based on a systematic review of 169 articles, scholars generally summarize the industry's
development foundation and current status through three dimensions: industrial development history
and strategy, industrial structure and chain, and industrial integration and new business forms. (3.1.1
Industrial Development History and Strategy) A total of 75 articles focus mainly on the policy-
driven effect of the Winter Olympics (35 articles), the "Southward Expansion, Westward Stretch,
Eastward Advance" strategy (12 articles), and post-Winter Olympics sustainable development (28
articles). The successful hosting of the 2022 Beijing Winter Olympics is widely treated as a pivotal
turning point: it increased public visibility of ice-snow sports, expanded the participation base, and
strengthened consumption habits through event appeal and media communication; it also operated

Table 1. (continued)
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as a "technology introducer," promoting the application of advanced technologies such as the
Internet of Things and artificial intelligence in ice-snow scenarios, thereby accelerating the service-
oriented transformation and upgrading of equipment manufacturing. In addition, top-level policy
documents—including the Several Opinions… and the Development Plan for Ice and Snow Sports
(2016–2025)—have released policy dividends and provided institutional guarantees. Meanwhile, the
"Southward Expansion, Westward Stretch, Eastward Advance" strategy aims to break through
climate and resource constraints and to reshape the spatial layout of the industry, facilitating China's
transition from a "major ice-snow country" to a "powerful ice-snow country." In the post-Olympics
era, scholars emphasize that sustaining "Winter Olympics momentum" and leveraging Olympic
legacy requires coordinated efforts in venue reuse, the in-depth dissemination of ice-snow culture,
public service upgrades, and long-term cultivation of consumption habits. (3.1.2 Industrial Structure
and Chain) This dimension includes 57 articles and centers on industrial chain modernization and
integration models (24 articles), the evolution of industrial clusters and spatial patterns (18 articles),
and the development of ice-snow equipment manufacturing (15 articles). Research suggests that the
chain is event-centric, extending upstream to resource development, enhancing mid-stream value via
media dissemination, and generating downstream business forms such as training, tourism, and
equipment. Scholars propose vertical, horizontal, and cross-chain integration, while stressing the
enabling role of "Internet+," particularly through building an "Internet+ ice-snow industry chain"
platform and clarifying chain elements (products, industrial integration, venue services, consumer
groups, and policy environment) to promote modernization and value upgrading. Spatially,
enterprises show clustering with notable "peaks" in the Northeast, Beijing–Tianjin–Hebei, and the
Yangtze River Delta and Pearl River Delta; the overall "southwest-northeast" orientation reflects
differences in population, industrial foundations, consumption capacity, and policy contexts. For
equipment manufacturing, scholars note an early development stage and bottlenecks such as weak
core technologies, import dependence, and limited branding, recommending a collaborative
independent innovation system involving "government, industry, universities, research institutes,
and users," where government leads, enterprises and research institutions serve as main actors, and
market mechanisms guide product iteration and upgrading from "having" to "having excellence."
(3.1.3 Industrial Integration and New Business Forms) A total of 95 articles address integration of
culture, sports, and tourism (32 articles), ice-snow tourism and regional economic development (41
articles), and the integration of digital technology with the ice-snow industry (22 articles). The
integration of culture–sports–tourism is considered a mainstream direction for ice-snow
consumption. Ice-snow tourism, as a new form derived from the integrated development of ice-snow
and tourism industries, indirectly supports coordinated development across related sectors (e.g.,
equipment manufacturing and characteristic towns), extending the industrial chain and increasing
output value. Scholars classify integration models into extension-type, penetration-type,
restructuring-type, and integrated integration; extension-type is reported as the most common, with
the "Harbin phenomenon" often cited as an example. For tourism-linked regional development, a
five-in-one high-quality model ("form–content–technology–mechanism–path") and innovation
pathways in transportation, technology, branding, and resort construction are discussed, with
attention to how the Northeast can use ice-snow tourism to support revitalization. Digitization is also
highlighted as a key driver of transformation; while policy guidance, consumption upgrading, and
firms' operational responses accelerate digital transformation, core constraints remain—including
structural imbalance, supply–demand mismatch, core technology bottlenecks, and limited
interdisciplinary talent—so scholars suggest strengthening policy systems, governing data elements,
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and integrating technological innovation to promote the digitalization, intelligence, and
contextualization of ice-snow sports experiences.

4.2. High-quality development and dynamic mechanisms of China's ice and snow sports
industry

On the basis of clarifying the current status of industrial development, how to promote the industry
from scale expansion to high‑quality, connotative development is a focus of academic attention.
Focusing on the first‑level theme of high‑quality development and dynamic mechanisms, this paper
systematically reviews three second‑level themes: high‑quality development pathways, regional
coordinated development, and innovation‑driven factors.

Under high‑quality development pathways, 62 articles are reviewed, covering new quality
productive forces empowering the ice‑snow economy, dynamic mechanisms for transformation and
upgrading, and supply‑side reform with demand‑side management. New quality productive forces,
led by digital technology, serve as a breakthrough for high‑quality development by enabling
technological revolution, factor optimization, industrial integration, and organizational innovation.
These forces drive full‑chain coverage, service upgrading, and the intelligent, green, and integrated
evolution of the ice‑snow industry. The dynamic mechanisms for transformation consist of policy
and institutions, technological innovation, consumer demand, and international competition. Policy
creates an enabling environment; innovation must shift from imitation to independence; competition
pushes global integration and value chain ascent; and demand forces higher quality products and
services. The ice‑snow industry currently faces a structural contradiction between insufficient supply
and excessive demand, making supply‑side structural reform urgent. For ice‑snow services, scholars
call for stronger market supervision and the development of locally distinctive products to meet
growing developmental and enjoyment‑oriented consumption needs.

In regional coordinated development, 68 articles focus on Northeast China, the
Beijing‑Tianjin‑Hebei region, and southern China. Northeast China, as the industry's birthplace and
core area, leverages its "ice‑snow golden latitude belt" and policies such as revitalization of the
Northeast and the Belt and Road Initiative to promote cross‑regional coordination across ice‑snow
tourism, culture, equipment, and sports, aiming to create a "1+1>2" effect and turn ice and snow into
a new growth engine. The Beijing‑Tianjin‑Hebei region, building on the post‑Winter Olympics
legacy, breaks administrative barriers to accelerate resource flows through industrial integration,
event coordination, tourism linkage, and ice‑snow town construction, while making full use of
Olympic venues and public service legacies. Southern China, aided by the "North Ice South
Expansion West Stretch" strategy, is systematically expanding its ice‑snow industry. Despite high
venue costs and a weak industrial chain, the region benefits from dense population and consumption
upgrading. Scholars suggest leveraging these advantages by focusing on tourism markets and brand
building, creating differentiated high‑quality services, and improving infrastructure.

For innovation‑driven factors, 61 articles examine technological innovation and industrial
empowerment, talent cultivation systems, and ice‑snow culture and brand building. Technological
innovation, especially the deep integration of digital technology, is reshaping the ice‑snow industry
through models such as OTA for precise matching and wearable devices for personalized services.
Talent cultivation, as the most flexible factor, directly affects innovation capacity. To address
challenges such as small scale, unclear roles, and unbalanced distribution, scholars call for clear
interdisciplinary talent goals, integrated curricula combining multidisciplinary theory with practice,
and systematic evaluation mechanisms. Ice‑snow culture serves as the spiritual core, manifested in
cultural tourism, events, leisure, and equipment. Enhancing cultural dissemination, preserving
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traditional ice‑snow culture, building a distinctive cultural industry chain, and conveying the spirit
of ice and snow are key pathways to strengthen core competitiveness and international discourse
power.

4.3. Management challenges and solutions for the development of China's ice and snow sports
industry

4.3.1. Management challenges in the development of China's ice and snow sports industry

China's ice and snow sports industry chain exhibits a pronounced "top-heavy" structural
characteristic, with the industry concentrated in downstream manufacturing while upstream
segments such as event IP development account for a very small proportion, and the absence of an
industrial chain integration mechanism makes it difficult to achieve synergistic development due to a
lack of vertical synergy among upstream, midstream and downstream enterprises, insufficient cross-
chain integration with related industries, and information silos that severely restrict resource sharing
and coordinated operation. In terms of spatial layout, the long‑standing pattern of "strong in the
north, weak in the south" remains fundamentally unchanged, as resource distribution is concentrated
in Northeast, North and Northwest China while the south lacks natural ice and snow conditions; the
fundamental challenge is the spatial mismatch between resource‑rich regions and large consumer
markets, coupled with the absence of mature cross‑regional coordination mechanisms—over 40% of
national ski tourism resorts are concentrated in Northeast China, yet the region's GDP accounts for
less than 5% of the national total, and regions lack clear functional positioning, leading to
homogeneous construction and low‑level competition. The talent shortage has become increasingly
prominent, as ice and snow talent encompasses not only athletes but also professional technical,
operations management and service personnel; at the competitive sports level, challenges include a
shortage of high‑level athletes and an aging age structure, as seen at the Milan Winter Olympics
where medal wins were concentrated among a few athletes, while at the industrial operation level
there is an acute shortage of interdisciplinary, digital and international talent, and the cultivation
system suffers from insufficient professional teaching staff and the relatively late establishment of
the academic discipline (discipline code: 040209T), which was only approved in 2018 [4] .
Regarding technological innovation, although it has become a powerful lever for industry
transformation, China's innovation capacity cannot fully meet development needs: high‑end
equipment such as snow groomers and snowmakers still relies on imports, with foreign brands long
dominating the high‑end market [5], and small and medium‑sized enterprises lack core technologies
and independent brands; meanwhile, digital technology integration is insufficient, with a high
proportion of "dirty data" and a lack of professional processing capabilities, and data elements have
yet to exert their full "siphoning effect" [6]. Industrial integration and cross‑sector collaboration
remain insufficient, as the concept of "ice‑snow+" is frequently mentioned but connections among
upstream, midstream and downstream segments remain loose—the equipment manufacturing
industry's "low‑end" nature leads to mismatches with market demand, post‑event venue utilization
remains a persistent challenge, and the current situation of "ice‑snow + cultural tourism" illustrates
the problem with limited and overly homogeneous development forms that lack cultural elements
highlighting regional characteristics. Finally, there is a contradiction between the industry's high
dependence on the ecological environment and its extensive development: global warming is raising
temperatures and the snow line, forcing ski resorts to rely on artificial snowmaking—using
traditional methods, one ton of water yields only about 2 cubic meters of snow, and a single
snowmaking operation requires 15 million tons of water and 14.25 million kilowatt‑hours of
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electricity, trapping the industry in a vicious cycle, with the root cause lying in a lack of awareness
of environmental ethical values [7]; concurrently, the standardized management system is lagging,
with limited and outdated standards, making it difficult to form a unified national market.

4.3.2. Solutions for the development of China's ice and snow sports industry

To improve the industrial chain integration mechanism and strengthen empowerment of core
segments, the industrial chain structure should first be optimized by addressing upstream core
shortcomings: in event IP development, localities should leverage local characteristics to create
high‑quality events; venue operation should transform venues from space providers to
comprehensive service‑oriented entities; professional event cultivation should accelerate
improvement of the professional league system; through policy guidance, the proportion of upstream
segments in total industrial output value should be increased to reverse the "top‑heavy" imbalance.
Meanwhile, a whole‑chain collaborative integration model should be built: vertical integration
should create deep binding among upstream, midstream and downstream segments to form a shared
risk and benefit community; horizontal integration should gather similar resources to avoid
redundancy; cross‑chain integration should expand new "ice‑snow+" consumption scenarios; and a
unified industrial resource sharing platform should be established to break information silos and
reduce resource waste. Regarding spatial layout and regional coordinated development mechanisms,
national industrial spatial planning should be coordinated to clarify regional division of labour: the
northern region should focus on resource development and professional competitive training,
forming resource‑based industrial clusters, while the southern region should develop indoor venues
and mass leisure consumption, forming market‑oriented industrial types, with the "North Ice
Southward Expansion" strategy continuously promoted to narrow the north‑south gap; moreover, a
cross‑regional industrial collaboration platform should be established to address the mismatch
between resources and the market, allowing northern resources to efficiently connect with the
southern consumer market and fostering deep linkages between ice‑snow‑advantaged regions and
economically active regions. To address the talent shortage bottleneck, a multi‑level talent
cultivation system should be built: first, improve the competitive sports talent echelon by
establishing a systematic cultivation pipeline across campus sports, youth training and national team
selections to ensure adequate reserve talent in each discipline; second, cultivate interdisciplinary
industrial operations talent through university‑enterprise cooperation and industry exchanges to
meet diverse position demands; third, strengthen grassroots talent cultivation by expanding the
supply of professional coaches, conducting standardized training, and relying on university
programme construction to continuously improve the talent cultivation system, promoting
standardization and systematization. To break through industrial development bottlenecks through
technology‑driven innovation, efforts should focus on overcoming core technologies in high‑end
equipment through continued R&D investment, achieving breakthroughs in core components,
gradually realizing domestic production, supporting local enterprises in cultivating independent
brands and transitioning from low‑value‑added processing to a high‑end manufacturing model; at
the same time, data application scenarios should be expanded to allow data elements to permeate all
areas of the industry—in competitive training, personalized training systems should be established
using big data; in ice‑snow tourism, a big data value system should be built to analyze tourist needs
and optimize operations; in public services, venue and training resources should be integrated to
promote popularization. Deepening industrial integration and strengthening cross‑sector
collaboration require promoting deep integration across multiple fields under the "ice‑snow+"
model: in "ice‑snow + cultural tourism," the mindset that ski resorts are the sole carrier should be
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broken, deeply exploring local cultural contexts to create themed scenes with local identity, while
actively expanding "ice‑snow + education" and "ice‑snow + health and wellness" forms to meet
personalized, high‑quality consumer demand; moreover, the joint force for industrial development
should be consolidated by synergizing material and spiritual aspects, widely promoting ice and snow
culture to guide the public from "experiential consumption" to "habit formation," and adopting a
dual‑driven approach to integrate resources and inject sustained momentum. Finally, adhering to
green development and improving the standardized management system entails promoting the
ecological green transformation of the industry by accelerating the development of energy‑efficient
snowmaking technologies to reduce resource waste, strengthening scientific monitoring and
reasonably controlling development intensity in ecologically fragile areas, introducing institutional
policies to regulate sustainable development and guiding enterprises to shift from extensive to
intensive development; simultaneously, a unified national standardization system should be
established by integrating local standards and covering all areas to eliminate regional differences
and form a unified national market, while strengthening long‑term supervision mechanisms through
regular inspections to ensure compliance and safeguard consumer safety and rights.

5. Conclusion

Through a systematic review of core literature on the ice and snow sports industry from 2015 to
2025, this study analyses the current development status and management challenges of China's ice
and snow sports industry and proposes pathways for industrial optimization. The literature shows
that, driven jointly by policy, major sporting events, and the market, China's ice and snow industry
has entered a new stage of high-quality development. The Beijing Winter Olympics served as a
critical juncture, and the "Southward Expansion, Westward Stretch, Eastward Advance" strategy has
optimized the industrial layout. The integration of culture, sports, and tourism, together with digital
empowerment, is actively fostering new business forms and injecting new momentum into regional
economic development. However, the industry still faces numerous challenges, such as a "top-
heavy" industrial chain (weak downstream links), unbalanced regional development, a shortage of
interdisciplinary talent, insufficient core technological innovation, superficial industrial integration,
high pressure for green development, and a lagging standardization system. To address these
challenges, efforts need to be made in six major areas: improving the industrial chain integration
mechanism, coordinating the national spatial pattern, building a multi-level talent cultivation
system, strengthening technology-driven innovation, deepening cross-field "ice-snow+" integration,
and adhering to green development while improving the standardized management system. In the
post-Winter Olympics era, the development of the ice and snow industry should take innovation as
the core and be problem-oriented, promoting the deep integration of multiple chains, facilitating
China's transition to a "powerful ice-snow country", and achieving the strategic goal of the ice-snow
economy by 2030.
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