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Abstract

Clarifying the co-evolutionary mechanism between the digital economy and
tourism economic resilience provides an important path for optimizing regional
industrial structures and enhancing resilience, which is of great significance
for promoting high-quality regional development. Based on panel data from
five provinces and autonomous regions in Northwest China from 2011 to 2022,
this study comprehensively utilizes the entropy method, Haken model, and geo-
graphical detector method to systematically analyze the synergistic relationship
and driving mechanisms between the digital economy and tourism economic re-
silience systems. The results indicate that: (1) The synergy level of the compos-
ite system shows an overall upward trend, with the digital economy acting as
the order parameter dominating the co-evolutionary process, although tourism
economic resilience exerts a slight dragging effect on it (control parameter =
0.146). (2) The degree of synergy between the digital economy and tourism
economic resilience has experienced three temporal stages: “germination (2011-
2016) - climbing (2017-2020) - consolidation (2021-2022)” ; spatially, it has
formed a gradient pattern where “Shaanxi Province leads, Gansu Province and
Xinjiang Uygur Autonomous Region are in the middle, and Ningxia Hui Au-
tonomous Region and Qinghai Province lag behind.” (3) Among the external
driving factors, transportation conditions and financial development levels serve
as the core driving forces, while government support and industrial structure
play significant roles during specific periods. Accordingly, Northwest China
should strengthen digital infrastructure construction, promote a “transportation-
finance” dual-wheel drive, and implement differentiated policies to enhance the
level of regional synergistic development.
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Abstract

[The original text provided only the title and affiliation. This section would
typically contain the abstract summarizing the research objectives, methodology,
and key findings regarding the relationship between the digital economy and
tourism resilience in Northwest China.]

1. Introduction

The digital economy has emerged as a pivotal driver of high-quality economic
development, offering new avenues for enhancing the stability and recovery ca-
pabilities of traditional industries. In Northwest China, a region characterized
by its unique ecological constraints and rich cultural heritage, the tourism in-
dustry faces significant challenges from external shocks. Understanding the
co-evolutionary relationship between the digital economy and tourism economic
resilience is essential for fostering regional sustainable development.

2. Theoretical Framework and Methodology

The integration of digital technologies—such as big data, cloud computing, and
artificial intelligence—into the tourism sector facilitates the optimization of re-
source allocation and enhances the industry’s ability to withstand risks. Tourism
economic resilience refers to the capacity of the tourism system to absorb dis-
turbances, reorganize, and transition toward a more sustainable path following
a crisis.

2.1 Evaluation Index System

To measure the development levels of both systems, this study constructs a com-
prehensive evaluation index system. The digital economy is assessed through
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dimensions such as digital infrastructure, digital industrialization, and indus-
trial digitization. Tourism economic resilience is evaluated based on resistance,
recovery, and reorganization capabilities.

2.2 Research Methods

The study employs several quantitative models to analyze the spatial-temporal
evolution and coupling relationship between the two systems: - Entropy
Weight Method: Used to determine the weights of indicators and calculate
the comprehensive development index. - Coupling Coordination Degree
Model: Utilized to measure the degree of interaction and synergy between the
digital economy and tourism resilience. - Spatial Autocorrelation: Applied
to explore the spatial distribution characteristics and clustering effects across
the provinces in Northwest China.

3. Results and Analysis

[This section would detail the empirical findings, likely showing a gradual up-
ward trend in both the digital economy index and tourism resilience index across
the five provinces of Northwest China.]

3.1 Spatial-Temporal Evolution

The development of the digital economy in Northwest China exhibits a clear
spatial hierarchy, with provincial capitals often serving as growth poles. Simi-
larly

mE

Clarifying the co-evolutionary mechanism between the digital economy and the
resilience of the tourism economy provides a theoretical foundation and practical
guidance for optimizing regional industrial structures and enhancing economic
resilience.

This research identifies critical pathways that are of great significance for
promoting high-quality regional development. Based on panel data from five
provinces and autonomous regions in Northwest China from 2011 to 2022,
this study employs a comprehensive methodological framework—including the
entropy method, the Haken model, and geographical detectors—to systemati-
cally analyze the coupling and evolution of the digital economy and tourism
economic resilience systems.

Synergistic relationships and driving mechanisms. The results indicate that:
(1) The overall synergy level of the composite system exhibits an upward trend.
The digital economy acts as the order parameter dominating the synergistic evo-
lutionary process; however, tourism economic resilience exerts a slight dragging
effect on it (control parameter = 0.146). (2) The degree of synergy between the
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digital economy and tourism economic resilience has chronologically progressed
through three distinct stages: “Emergence (2011-2016),” “Ascension (2017-
2020),” and “Consolidation (2021-2022).”

The development process can be divided into three distinct stages. Spatially,
a clear hierarchical pattern has emerged, characterized by Shaanxi Province
leading the region, followed by Gansu Province and the Xinjiang Uyghur Au-
tonomous Region in the middle tier, while the Ningxia Hui Autonomous Region
and Qinghai Province occupy the subsequent positions.

--a “lagging” gradient pattern. (3) Among the external driving factors, trans-
portation conditions and the level of financial development serve as the core
driving forces, while government support and industrial structure exert sig-
nificant influence during specific periods. Based on these findings, Northwest
China should strengthen the construction of digital infrastructure, promote a
“transportation-finance” dual-wheel drive, and implement differentiated policies
to enhance the level of regional collaborative development.

Keywords: Digital economy; Tourism economic resilience; Co-evolution; Driv-
ing factors; Northwest China

Article Number: 1000-6060 (2026) 03-0462-12 (0462-0473)

Introduction

In the context of the global digital transformation, the digital economy has
emerged as a critical engine for high-quality economic development and a vital
force in enhancing industrial stability. As a strategic pillar of the national econ-
omy, the tourism industry is increasingly intersecting with digital technologies,
leading to profound structural changes. Northwest China, characterized by its
vast territory, rich cultural heritage, and unique ecological resources, faces signif-
icant challenges due to its fragile ecological environment and relatively lagging
infrastructure. Consequently, investigating the relationship between the digital
economy and tourism economic resilience in this region is of great theoretical
and practical significance for promoting regional coordinated development and
sustainable tourism.

Tourism economic resilience refers to the ability of a regional tourism system to
resist, recover from, and reorganize itself in the face of external shocks or inter-
nal structural shifts. With the rapid integration of big data, cloud computing,
and artificial intelligence into the tourism sector, the digital economy provides
new tools for risk monitoring, resource allocation, and market expansion. This
integration not only enhances the “resistance” of the tourism economy but also
accelerates its “recovery” and “reorganization” capabilities. However, the spatial
distribution of digital infrastructure and tourism resources in Northwest China
is uneven, leading to complex spatiotemporal dynamics in their co-evolutionary
process.

Existing research has extensively explored the independent development of the
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digital economy and the tourism industry, yet studies focusing on their syner-
gistic evolution—particularly regarding resilience—remain limited. Most current
literature focuses on developed eastern coastal regions, leaving a research gap
concerning the arid and semi-arid regions of the Northwest. This study aims to
fill this gap by analyzing the coupling coordination and co-evolutionary mecha-
nisms between the digital economy and tourism economic resilience in Northwest
China. By identifying the key driving factors behind this evolution, this paper
provides a scientific basis for policy interventions aimed at strengthening the
regional tourism economy through digital empowerment.

Introduction

The rapid development of the digital economy is profoundly reshaping the global
economic and social landscape. As a core driving force of the new round of sci-
entific and technological revolution and industrial transformation, the digital
economy has become a key factor in reorganizing global productive resources,
reshaping global economic structures, and changing the competitive landscape
among nations. By integrating advanced information technologies—such as big
data, cloud computing, artificial intelligence, and the Internet of Things—into
traditional industries, the digital economy facilitates the transition from labor-
intensive and resource-heavy growth models to those driven by data and inno-
vation.

Furthermore, the digital economy has significantly lowered transaction costs
and enhanced the efficiency of resource allocation. It fosters the emergence of
new business models and industrial ecosystems, providing unprecedented op-
portunities for sustainable development and inclusive growth. However, this
transformation also presents challenges, including the digital divide, data secu-
rity concerns, and the need for updated regulatory frameworks. Understanding
the mechanisms through which the digital economy influences macroeconomic
stability and microeconomic behavior is essential for navigating this transition
and harnessing its full potential for societal progress.

As a quintessential sector characterized by the comprehensive penetration of the
digital economy, the tourism industry is in urgent need of transformation and
upgrading.

The global development landscape is undergoing a profound transformation,
driven by the rapid evolution and integration of core technologies such as the
Internet, big data, cloud computing, and blockchain.

Enhancing Risk Resistance and Resilience Through Digital
Innovation to Build a More Robust System
In an era characterized by increasing global uncertainty and complexity, the ca-

pacity of systems—whether economic, social, or industrial—to withstand shocks
and recover from disruptions has become a paramount concern. Digital innova-
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tion serves as a critical catalyst in this context, providing the tools and frame-
works necessary to enhance both proactive risk resistance and reactive resilience.
By integrating advanced technologies such as big data analytics, artificial intel-
ligence (AI), and the Internet of Things (IoT), organizations and governments
can develop more sophisticated mechanisms for monitoring, predicting, and re-
sponding to multifaceted threats.

The Role of Digital Transformation in Risk Management

Digital innovation fundamentally transforms traditional risk management
paradigms from passive defense to active intelligence. Through the deployment
of real-time data acquisition systems, it is now possible to achieve unprece-
dented visibility into complex supply chains and infrastructure networks.
Machine learning algorithms can process vast datasets to identify subtle
patterns that precede systemic failures or external shocks, allowing for the
implementation of preemptive measures. This shift toward predictive mainte-
nance and early-warning systems significantly strengthens the initial resistance
of a system, reducing the probability of catastrophic failure when faced with
unexpected volatility.

Building Adaptive Resilience

Beyond mere resistance, digital innovation is essential for fostering resilience—
the ability of a system to “bounce back” or adapt following a disruption. Cloud
computing and decentralized digital architectures ensure that critical informa-
tion and services remain accessible even when physical nodes are compromised.
Furthermore, digital twins and simulation modeling allow decision-makers to
test various “what-if” scenarios in a virtual environment, refining recovery strate-
gies before they are needed in the real world. This digital agility enables a more
flexible response to crises, ensuring that recovery is not just a return to the
status quo, but an evolution toward a more robust and optimized state.

Integrating Technology for Long-term Stability

The construction of a more resilient future depends on the seamless integra-
tion of digital innovation across all sectors of society. This requires not only
technological investment but also the development of digital literacy and robust
cybersecurity frameworks to protect the very systems intended to provide se-
curity. By leveraging the power of digital connectivity, stakeholders can foster
greater collaboration and information sharing, creating a collective intelligence
that is far more capable of navigating the challenges of the 21st century than
any isolated entity. Ultimately, digital innovation is the cornerstone of building
systems that are not only durable in the face of adversity but also capable of
thriving amidst continuous change.

The next generation of information technology, represented by machine learn-
ing and deep learning, is not only giving rise to new business models and in-
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dustrial forms, but is also fundamentally reshaping the landscape of scientific
research and industrial production. These advancements serve as a critical en-
gine for innovation, driving the digital transformation of traditional sectors and
enabling the development of intelligent systems capable of processing complex,
high-dimensional data with unprecedented efficiency.

--a resilient modern tourism system [?]. The innovation inherent in digital
technology--

The key strength of this model is increasingly becoming a driving force for
promoting high-quality economic development.

potential, providing a foundation for addressing the challenges of tourism indus-
try resilience and promoting its transformation and upgrading.

Introduction

The core engine of development. According to the White Paper on Chindg
s Digital Economy Development and other reports, the digital economy has
become a vital pillar of national growth. As machine learning and deep learning
technologies continue to evolve, they serve as the primary drivers for industrial
transformation and innovation across various sectors.

provides an important pathway [?]. Therefore, a deep exploration of the rela-
tionship between the digital economy and industrial structure upgrading is of
great significance.

According to reports from the China Academy of Information and Communica-
tions Technology (CAICT), the proportion of the digital economy in China’ s
GDP has continued to rise from 2020 to 2023. As a core engine of high-quality
development, the digital economy has demonstrated strong resilience and growth
potential. During this period, the integration of digital technologies with the
real economy has accelerated, driving structural optimization and upgrading
across various industries.

The rapid expansion of the digital economy is primarily attributed to the large-
scale deployment of new infrastructure, such as 5G networks and data centers,
alongside the vigorous development of emerging fields including machine learn-
ing, deep learning, and big data analytics. These technological advancements
have not only enhanced industrial efficiency but have also fostered the emer-
gence of new business models and economic drivers. As the digital economy
enters a new phase of development, its role in stabilizing economic growth and
promoting innovation-driven strategies has become increasingly prominent.

The co-evolutionary mechanism of tourism economic resilience not only facili-
tates a deeper understanding of the internal logic governing the high-quality
development of regional tourism but also provides a scientific basis for formu-
lating differentiated regional coordination policies. By analyzing the dynamic
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interactions between various components of the tourism system, we can bet-
ter identify the pathways through which resilience is built and maintained in
the face of external shocks. This study explores how different dimensions of
tourism economic resilience—such as resistance, recovery, and reorganization—
interact over time to shape the overall stability and growth trajectory of the
tourism sector.

The share of GDP has steadily increased from 38.6% to 42.8%, indicating that
the digital economy has become a critical pillar supporting economic growth.

Understanding How Digital Technology Drives Quality Im-
provement in the Tourism Industry through Penetration
and Innovation

Introduction

In the contemporary era, digital technology has emerged as a pivotal force in
reshaping global economic landscapes. For the tourism industry, the integration
of digital tools is not merely a supplementary enhancement but a fundamental
transformation. This process occurs through two primary mechanisms: the deep
penetration of digital infrastructure into traditional tourism frameworks and the
continuous innovation of business models, services, and management practices.
By analyzing these dynamics, we can better understand how digital technology
serves as a catalyst for high-quality development within the sector.

The Mechanism of Digital Penetration

The penetration of digital technology into the tourism industry manifests as
the widespread adoption of information and communication technologies (ICT)
across the entire value chain. This integration begins with infrastructure, where
high-speed internet, 5G networks, and IoT (Internet of Things) devices provide
the foundational connectivity required for modern tourism operations.

As these technologies permeate the industry, they facilitate the digitalization of
tourism resources. Traditional physical assets are transformed into digital data
points, allowing for more efficient resource allocation and management. For
instance, smart destination management systems utilize real-time data to mon-
itor visitor flows, optimize traffic patterns, and manage environmental impacts.
This level of penetration ensures that the “hardware” of the tourism industry
is capable of supporting more sophisticated, data-driven decision-making pro-
cesses.

Innovation-Driven Quality Enhancement

Beyond simple penetration, digital technology drives quality improvement
through systemic innovation. This innovation is categorized into three main
dimensions:
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1. Product and Service Innovation: Digitalization enables the creation
of personalized and immersive experiences. Technologies such as Aug-
mented Reality (AR) and Virtual Reality (VR) allow tourists to engage
with cultural heritage sites in ways previously impossible, bridging the gap
between historical preservation and modern entertainment. Furthermore,
Big Data analytics allow service providers to tailor offerings to individ-
ual preferences, shifting the industry from mass tourism to customized,
high-value experiences.

2. Business Model Innovation: The rise of platform economies and the
sharing economy has fundamentally altered how tourism services are dis-
tributed and consumed. Digital platforms reduce information asymmetry
between providers and consumers, lowering transaction costs and expand-
ing market reach for small and medium-sized enterprises (SMEs). This
democratization of the marketplace fosters competition and encourages a
higher standard of service across the board.

3. Management and Governance Innovation: At the macro level, digi-
tal technology empowers regulatory bodies to implement more precise and
responsive governance. Through the use of predictive modeling and real

The critical role of maintaining steady economic growth has been fully demon-
strated. Even when faced with the complexities of the global economy, this
stability serves as a cornerstone for long-term development.

upgrade, and can also elucidate how the improvement of tourism economic re-
silience feeds back into digital transformation.

Introduction

Amidst intensifying global economic fluctuations and multiple external shocks,
the digital economy has demonstrated remarkable resilience and growth poten-
tial due to its inherent high-speed connectivity and data-driven nature. As
a core engine for high-quality economic development, the digital economy not
only optimizes resource allocation but also provides new pathways for industrial
upgrading and structural transformation.

[Figure 1: see original paper]

The deep integration of digital technologies with the real economy has fun-
damentally altered traditional production functions and business models. By
leveraging advanced algorithms and big data analytics, enterprises can achieve
greater operational efficiency and respond more dynamically to market shifts.
Furthermore, the digital economy plays a crucial role in mitigating the adverse
effects of macroeconomic volatility, acting as a stabilizer for national economic
systems during periods of uncertainty.
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1.1 Theoretical Framework

From a theoretical perspective, the impact of the digital economy can be quanti-
fied through various econometric models. We consider the relationship between
digital infrastructure investment and total factor productivity (TFP). Let &
represent the production function, where the digital transformation index is
denoted by D. The output Y can be expressed as:

Y =A -F(K,L D)

where A represents the exogenous technological progress, K is capital stock,
and L is labor input. As shown in [?], the marginal contribution of D has been
increasing significantly over the past decade.

The evolution of this digital framework suggests that traditional economic indi-
cators must be recalibrated to account for intangible digital assets. As noted
in (eq:productivity), the efficiency gains derived from digital integration often
exceed those from traditional physical capital accumulation.

ATFP =a-Alog(D)+ 8- Alog(K) + ¢ (eq:productivity)

In this context, the role of machine learning and deep learning in optimizing
these economic variables cannot be overstated. These technologies allow for the
processing of vast datasets to identify non-linear relationships that were previ-
ously inaccessible to standard statistical methods. By applying these tools, pol-
icymakers can better understand the transmission mechanisms of digital shocks
across different sectors of the economy.

The deepening of technological applications and the expansion of their value are
essential for driving the high-quality development of regional economies.

Through its pervasive integration and the characteristic of increasing marginal
returns, it continues to exhibit significant vitality.

This provides a theoretical basis and decision-making reference for high-quality
development.

and resilience, providing continuous momentum for the stability and develop-
ment of the national economy.

The concept of “resilience” originated in the field of engineering [?], referring
to the ability of an object to recover its original state after being subjected
to an external impact. In recent years, this concept has been widely applied
across various disciplines, including ecology, sociology, and economics. Within
the context of regional economic development, resilience describes the capacity
of a regional economic system to withstand, absorb, and recover from external
shocks—such as financial crises, industrial shifts, or public health emergencies—
and subsequently transition into a new developmental path.
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[Figure 1: see original paper]

As illustrated in [Figure 1: see original paper|, the evolution of economic re-
silience is typically characterized by several distinct phases: resistance, recov-
ery, and reorientation. During the resistance phase, the primary focus is on the
system’ s ability to minimize the immediate damage caused by a shock. The
recovery phase involves the speed and efficiency with which the economy returns
to its pre-crisis performance levels. Finally, the reorientation phase reflects the
system’s long-term capacity to adapt its structural components and institutional
frameworks to ensure sustainable growth in a post-shock environment.

To quantify these dynamics, researchers often utilize various indicators as shown
in . These metrics typically include employment rates, GDP growth volatility,
and industrial diversity indices. By analyzing these variables, we can better
understand the underlying mechanisms that allow certain regions to thrive de-
spite adversity while others stagnate. The integration of machine learning and
deep learning techniques has further enhanced our ability to predict regional
vulnerability and model complex recovery trajectories, providing policymakers
with more robust tools for economic planning and risk management.

At the same time, the global tourism industry has faced significant challenges
in recent years due to public health crises, environmental shifts, and evolving
consumer behaviors. These disruptions have necessitated a fundamental re-
evaluation of traditional operational models, pushing the industry toward more
resilient and technologically integrated frameworks. As stakeholders navigate
these complexities, the integration of advanced analytical tools has become es-
sential for maintaining competitiveness and ensuring sustainable growth in an
increasingly volatile global market.

---the ability to return to an initial state after a disturbance. Holling first intro-
duced this concept in 1973.

Introduction

The tourism industry currently faces a complex landscape characterized by mul-
tifaceted challenges, most notably intensifying geopolitical conflicts and the in-
creasing frequency of extreme climate events. These external shocks do not
operate in isolation; rather, they interact to create a volatile environment that
threatens the stability and sustainable development of global tourism markets.
Geopolitical tensions can lead to sudden shifts in travel advisories, border clo-
sures, and diminished consumer confidence, while extreme weather events—rang-
ing from unprecedented heatwaves to catastrophic flooding—directly damage
tourism infrastructure and alter the attractiveness of traditional destinations.

The Impact of Geopolitical Conflicts

Geopolitical instability serves as a primary disruptor of international tourism
flows. Beyond the immediate physical dangers posed by active conflict zones,
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the broader implications include economic sanctions, fluctuations in exchange
rates, and heightened security protocols that increase the cost and complexity of
travel. Such conflicts often result in a “spillover effect,”where neighboring regions
experience a decline in arrivals despite being geographically removed from the
core instability. For the tourism sector, this necessitates the development of
robust crisis management frameworks and the diversification of source markets
to mitigate the risks associated with regional political volatility.

Extreme Climate Events and Environmental Resilience

Simultaneously, the tourism industry is increasingly vulnerable to the physical
manifestations of climate change. Extreme climate events are no longer statis-
tical outliers but have become recurring operational risks. These events disrupt
seasonal travel patterns and can lead to the permanent degradation of natural
heritage sites and coastal resorts. As the industry grapples with these environ-
mental pressures, there is an urgent need for adaptive strategies that integrate
climate resilience into urban planning and tourism management. This includes
investing in sustainable infrastructure and leveraging machine learning models
to better predict and respond to climate-related disruptions.

Synergistic Challenges and Future Outlook

The convergence of geopolitical and climatic crises creates a “polycrisis” en-
vironment for stakeholders in the tourism sector. Addressing these challenges
requires a paradigm shift from reactive crisis management to proactive, data-
driven resilience building. Future research must focus on the intersection of
these variables, examining how deep learning and advanced analytical tools can
be utilized to model risk and optimize resource allocation under conditions of
high uncertainty. By understanding the synergistic effects of these global chal-
lenges, the tourism industry can better navigate the transition toward a more
resilient and sustainable future.

The introduction of ecology emphasizes the adaptability and variability of sys-
tems [?], which has gradually evolved into a significant framework for under-
standing complex dynamics. This perspective shifts the focus from static mod-
els toward more fluid, responsive structures that can adjust to environmental
changes. By integrating ecological principles, researchers can better account
for the inherent fluctuations and evolutionary pressures that characterize mod-
ern systems, allowing for a more robust analysis of how these entities maintain
stability or undergo transformation over time.

In this context, the inherent sensitivity and vulnerability of these systems are
further amplified.

The concept has been extended to the field of economics [?], leading to the
emergence of “economic resilience.”
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1. Introduction

Under the current global economic landscape, the tourism industry is facing
unprecedented challenges and transformations. This paper explores how the
tourism sector can leverage the digital economy to enhance its resilience and
achieve high-quality development. As a strategic pillar of the national economy,
the integration of tourism with digital technologies is no longer optional but a
fundamental necessity for sustainable growth.

2. Enhancing Resilience through Digital Transformation

The resilience of the tourism industry refers to its ability to resist, absorb, and
recover from external shocks while maintaining its core functions. The digital
economy provides the essential infrastructure and tools to bolster this resilience
across several dimensions.

2.1 Risk Management and Real-time Monitoring

By utilizing Big Data and Artificial Intelligence (AI), tourism destinations can
implement sophisticated early-warning systems. These systems analyze traveler
flows, environmental factors, and market trends to predict potential disruptions.
For instance, predictive modeling using M . iiience @llows operators to adjust
resource allocation dynamically, ensuring that the system remains stable even
under pressure.

2.2 Diversification of Service Delivery

Digitalization enables the transition from traditional physical services to hybrid
models. Virtual Reality (VR) and Augmented Reality (AR) offer “cloud tourism”
experiences, which serve as a buffer when physical travel is restricted. This di-
versification ensures that the economic output of the tourism sector is not solely
dependent on physical mobility, thereby increasing its structural robustness.

3. Driving High-Quality Development

High-quality development in tourism is characterized by innovation, efficiency,
and sustainability. The digital economy acts as a catalyst for these objectives
by optimizing the value chain and enhancing the consumer experience.

3.1 Precision Marketing and Personalized Experiences

Machine learning algorithms allow for the analysis of complex consumer behav-
ior patterns. By processing vast datasets, tourism enterprises can move away
from mass marketing toward precision targeting. This shift not only improves
conversion rates but also enhances visitor satisfaction by providing highly per-
sonalized itineraries and services.
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3.2 Operational Efficiency and Cost Reduction

The adoption of the Internet of Things (IoT) and blockchain technology stream-
lines administrative and operational processes. Smart hotel management sys-
tems and automated ticketing reduce labor costs and minimize human error.
Furthermore, blockchain ensures transparency in transactions and supply chain
management, fostering trust between stakeholders and consumers.

4. Theoretical Framework and Methodology

To quantify the impact of the digital economy on tourism quality, we propose a
multi-dimensional evaluation index. Let () represent

Introduction

With the globalization of the tourism industry and the increasing complexity of
associated risks, the concept of “tourism economic resilience” has emerged as
a critical focus for both academic research and policy formulation. As a highly
sensitive and vulnerable sector, the tourism economy is frequently subjected
to various external shocks, including economic crises, natural disasters, public
health emergencies, and geopolitical instability. These disruptions not only
threaten the immediate stability of regional tourism markets but also pose long-
term challenges to sustainable development.

The Evolution of Tourism Economic Resilience

The concept of resilience, originally rooted in ecology and physics, has been
adapted into the social sciences to describe the capacity of a system to absorb
disturbances, reorganize, and maintain its core functions and structures. In the
context of tourism, economic resilience refers to the ability of a destination’ s
tourism system to withstand external pressures, recover from crises, and adapt
its developmental trajectory to ensure long-term viability.

[Figure 1: see original paper]

The globalization of the tourism industry has created a double-edged sword.
While it has facilitated unprecedented growth and cross-border integration, it
has also increased the “contagion effect” of regional risks. A localized crisis
can rapidly escalate into a global industry downturn due to the high degree
of interconnectedness in international travel networks. Consequently, under-
standing the mechanisms that bolster tourism economic resilience is essential
for mitigating the impacts of such systemic vulnerabilities.

Risk Complexity and Systemic Vulnerability

Modern tourism risks are characterized by their multi-dimensional and non-
linear nature. Traditional risk management frameworks often struggle to address
the “black swan”events that define the contemporary landscape. The complexity
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of these risks necessitates a shift from reactive crisis management to a proactive
resilience-building approach. This involves enhancing the diversity of tourism
products, strengthening local supply chains, and fostering innovation within the
digital tourism ecosystem.

Research indicates that regions with higher tourism economic resilience tend to
possess robust institutional frameworks and diversified market structures. By
analyzing the interplay between internal systemic stability and external envi-
ronmental volatility, scholars can better identify the determinants of recovery
speed and adaptive capacity. As the global tourism landscape continues to
evolve, the integration of resilience theory into tourism planning remains a vital
strategy for navigating an increasingly uncertain future.

The high-quality development of these systems has emerged as a critical issue
of mutual concern for both the academic community and the industrial sector.

The concept has emerged to describe the resilience of the tourism economic
system when facing external shocks. It refers to the system’ s ability to resist,
recover from, and adapt to disturbances, as well as its capacity to transition
toward a more sustainable development path.

[Figure 1: see original paper]

1.1 Research Background and Significance

In recent years, the global tourism industry has faced unprecedented challenges
due to various external factors, including economic fluctuations, public health
crises, and environmental changes. Understanding the resilience of the tourism
economy is crucial for policymakers and industry stakeholders to ensure long-
term stability and growth. This study aims to analyze the mechanisms through
which tourism economic systems maintain functionality and regain equilibrium
following significant disruptions.

1.2 Theoretical Framework

The theoretical foundation of tourism economic resilience is rooted in evolu-
tionary economic geography and complex adaptive systems theory. It empha-
sizes that resilience is not merely a return to a pre-existing state (engineering
resilience) but involves a dynamic process of structural optimization and inno-
vation (evolutionary resilience). By examining the interplay between internal
systemic vulnerabilities and external pressure factors, we can better quantify
the adaptive capacity of regional tourism economies.

1.3 Methodology

To evaluate the resilience of the tourism economic system, this research employs
a multi-dimensional indicator system. We utilize machine learning algorithms
and spatial econometric models to process large-scale datasets, allowing for a
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more nuanced understanding of regional disparities. The core variables include
the diversity of tourism products, the robustness of infrastructure, and the flex-
ibility of local governance frameworks.

The resilience index R for a given region is calculated using the following for-
mula:

R:Zwi-S’i

=1

where w, represents the weight of the i-th indicator and S; denotes the nor-
malized score of that indicator. Through this quantitative approach, we can
identify key drivers that enhance or inhibit the recovery process of the tourism
sector across different geographical scales.
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Co-evolution of Digital Economy and Tourism Economic
Resilience in Northwest China

1. Introduction

The digital economy has emerged as a pivotal driver of high-quality economic
development and a key force in reshaping the global economic structure. In
Northwest China, a region characterized by its vast territory and unique eco-
logical and cultural resources, the integration of digital technology with the
tourism industry offers significant potential for enhancing economic stability.
Tourism economic resilience—the ability of a tourism system to resist, recover
from, and adapt to external shocks—is increasingly dependent on digital infras-
tructure, platform economies, and data-driven governance. Understanding the
co-evolutionary relationship between the digital economy and tourism economic
resilience is essential for promoting sustainable regional development and nar-
rowing the economic gap between western and eastern China.

2. Theoretical Framework and Methodology

The synergy between the digital economy and tourism economic resilience is
rooted in the flow of information, the optimization of resource allocation, and
the innovation of service models. The digital economy provides the technical
foundation for tourism resilience by enhancing market monitoring, diversifying
product offerings, and improving emergency response mechanisms. Conversely,
a resilient tourism economy provides a robust application scenario for digital
technologies, driving further digital transformation.
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2.1 Indicator System Construction To measure these two systems, this
study constructs a comprehensive evaluation index system. The digital economy
is evaluated across three dimensions: digital infrastructure, digital industrial-
ization, and industrial digitization. Tourism economic resilience is measured
through the lenses of resistance, recovery, and reorganization capabilities.

2.2 Research Methods This study employs several quantitative models to
analyze the spatial-temporal evolution and coupling characteristics:

1. Entropy Weight Method: Used to determine the weights of each in-
dicator and calculate the comprehensive development level of the digital
economy and tourism resilience.

2. Coupling Coordination Degree Model: To measure the degree of
interaction and harmony between the two systems. The coupling degree
C is calculated as: "

C=2x [UlXUQ }
(Uy +Uy)?

where U; and U, represent the development levels of the digital economy
and tourism resilience, respectively.

3. Haken Model: To identify the “order parameters”that drive the evolution
of the complex system and determine the synergistic effects over time.

3. Spatiotemporal Evolution

Tourism economic resilience refers to the capacity of a tourism system to re-
sist, recover from, and reorganize in response to external shocks [?, ?]. Over
years of development, research on tourism economic resilience has evolved into a
multi-dimensional and multi-scale theoretical framework. International scholar-
ship primarily focuses on conceptual deconstruction [?], resilience measurement
[?], and driving mechanisms [?], with a predominant emphasis on qualitative re-
search methods [?]. Conversely, domestic research in China mainly concentrates
on endogenous mechanisms [?] and the evolutionary patterns of industrial re-
silience [?]. In terms of spatial scales, these domestic studies are largely centered
on municipal levels [?], river basins [?, ?], and provincial regions [?].

Regarding the relationship between the digital economy and the resilience of the
tourism economy, existing scholars have utilized coupling coordination degree
models to reveal the spatial correlation characteristics between the two at macro
scales, such as the national level or the Yellow River Basin. Research indicates
that as an emerging economic form, the digital economy significantly enhances
regional tourism resilience by optimizing industrial structures, facilitating the
flow of production factors, and improving innovation capabilities.

-~level of high-quality economic development [?, ?, ?, ?]. However, existing
research requires further expansion and deepening in the following aspects:
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(1) Most literature focuses on the unidirectional impact of the digital economy
on the resilience of the tourism economy, lacking an in-depth exploration
of the collaborative mechanisms between the two from the perspectives of
systemic dynamic interaction and non-linear evolution.

(2) Existing achievements mostly focus on developed eastern regions or the na-
tional level, while research targeting special contexts—such as Northwest
China, which is rich in tourism resources but economically underdeveloped
—remains relatively weak. Northwest China generally faces practical con-
straints such as weak digital infrastructure, fragile ecological environments,
and complex socio-economic structures. It is a typical region where low
levels of digital technology application coexist with weak risk-resistance
in the tourism economy; macro-scale analyses often mask the internal het-
erogeneity within such regions.

(3) Existing studies [?, ?] emphasize analyzing “whether they are coordinated”
and “how they are coordinated” -

--further in-depth research into process-oriented questions such as “what drives”
these phenomena.

(4) Existing research--

1.1 HEEER

Northwest China (comprising Shaanxi Province, Gansu Province, Qinghai
Province, Ningxia Hui Autonomous Region, and Xinjiang Uyghur Autonomous
Region) is situated in the Chinese hinterland. It covers a total area of
approximately 310 x 10% krn27 accounting for one-third of China’ s total land
area. This region serves as a critical-

--an ecological security barrier and an energy resource succession zone, as well
as a vital region for the exchange and integration of multi-ethnic cultures. This
area possesses a high concentration of cultural and tourism resources character-
ized by distinct regional features. As of 2022, the number of domestic tourists
within the study area--

reached 6.64 x 108 person-times, with domestic tourism revenue reaching 43.02 x
10® yuan. However, constrained by the imbalanced development of digital in-
frastructure and the existing industrial structure--

Due to factors such as a relatively singular industrial structure and a fragile
ecological environment, the tourism economic system in this region continues
to exhibit significant sensitivity when facing external shocks. This sensitivity
has become a critical bottleneck restricting high-quality development in the
area. Therefore, selecting Northwest China as the research object to deeply
analyze the synergistic mechanisms between the digital economy and tourism
economic resilience holds substantial theoretical value and practical significance.
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Such research is essential for promoting the optimization of regional industrial
structures and enhancing comprehensive risk-response capabilities.

1.2 $UEKESRIE
Data Sources and Research Methods
Data Sources

The research data for the period 2011-2022 are primarily derived from the China
Statistical Yearbook, the China City Statistical Yearbook, and various provincial
and municipal statistical bulletins. To ensure the continuity and comparability
of the data, certain missing values were addressed using linear interpolation or
trend extrapolation methods. All economic indicators were deflated using 2011
as the base year to eliminate the influence of price fluctuations.

Variable Selection and Description

In this study, we selected several key indicators to evaluate the regional economic
development and industrial structure optimization. The primary variables in-
clude:

1. Economic Growth (GDP): Measured by the gross domestic product of
each region, adjusted for inflation.

2. Industrial Structure Upgrade (ISU): Calculated as the ratio of the
value added of the tertiary industry to the value added of the secondary
industry.

3. Innovation Capability (INN): Represented by the number of patent
applications granted per 10,000 people.

4. Environmental Regulation (ER): Quantified using a composite index
based on the removal rates of major pollutants.

Model Specification

To investigate the impact of technological innovation on industrial upgrading,
we employ a fixed-effects panel data model. The basic econometric model is
specified as follows:

ISU; = ag + B1INN, + B, X, + p; + v, + €54

In this equation, ISU,, represents the level of industrial structure upgrading for
region 4 in year t. INN,, denotes the innovation capability, while X, refers
to a set of control variables including foreign direct investment (FDI) and gov-
ernment expenditure. The terms p; and v, represent individual and time fixed
effects, respectively, and ¢;, is the random error term.

[Figure 1: see original paper]

chinarxiv.org/items/chinaxiv-202604.00050 Machine Translation


https://chinarxiv.org/items/chinaxiv-202604.00050

ChinaRxiv [$X]

The preliminary analysis of the data suggests a significant positive correlation be-
tween innovation capability and the optimization of industrial structures across
the sampled regions. Further robustness tests and heterogeneity analyses will
be conducted to validate these findings.

The data for this study are primarily derived from the China Statistical Year-
book of Cultural and Tourism, the EPS Database, and various provincial and
municipal statistical yearbooks. To ensure the consistency and comparability of
the data, the researchers meticulously cross-referenced multiple official sources,
addressing missing values through linear interpolation and trend extrapolation
where necessary. These datasets provide a comprehensive foundation for ana-
lyzing the spatial-temporal evolution of cultural and tourism integration across
different regions in China.

The data for this study are derived from provincial statistical yearbooks and
statistical bulletins. Specifically, the Digital Inclusive Finance Index is sourced
from the Institute of Digital Finance at Peking University. To ensure data conti-
nuity and address missing values, the linear interpolation method was employed.

Research focusing on the impact of the digital economy on urban economic
resilience [?] has demonstrated that-

Missing data were imputed, and the indicators were standardized. This study--

Research on the resilience of the tourism economy remains relatively scarce.

Research on the Long-term Dynamic Coordination between
the Digital Economy and Tourism Economic Resilience

1. Introduction

This study focuses on the long-term dynamic coordination between the digital
economy and the resilience of the tourism economy. As a core driving force
of the modern economic system, the digital economy has profoundly reshaped
the production methods, organizational structures, and consumption patterns
of the tourism industry. Concurrently, the resilience of the tourism economy
—defined as its ability to resist, recover from, and adapt to external shocks—
has become a critical indicator for evaluating the high-quality development of
regional tourism.

2. Theoretical Framework and Literature Review

The integration of digital technologies such as big data, cloud computing, and
artificial intelligence into the tourism sector provides new pathways for enhanc-
ing economic stability. Previous research has demonstrated that the digital
economy can optimize resource allocation, reduce transaction costs, and foster
innovation within tourism ecosystems. However, the spatial-temporal evolu-
tion of this relationship requires further empirical investigation, particularly
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regarding how digital infrastructure supports the tourism industry’ s capacity
to withstand systemic risks.

3. Methodology

To analyze the long-term dynamic coordination between these two systems, this
research employs a comprehensive evaluation index system.

3.1 Index Construction We construct a multi-dimensional indicator sys-
tem for both the digital economy and tourism economic resilience. The digital
economy is measured through dimensions such as digital infrastructure, digi-
tal industrialization, and industrial digitization. Tourism economic resilience is
evaluated based on resistance, recovery capacity, and evolutionary reorganiza-
tion potential.

3.2 Coupling Coordination Model The degree of interaction between the
two systems is quantified using a coupling coordination degree (CCD) model.
The coupling degree C' is calculated as follows:

1/2
CQX[M}/
(U +U,)?

where U, represents the development level of the digital economy and U, repre-
sents the level of tourism economic resilience. To further reflect the synergistic
effect, the coordination degree D is defined as:

D=vCOxT

where T" = alU; + BU, is the comprehensive evaluation index, with o and
representing the respective weights of the two systems.

4. Empirical Results and Analysis
The empirical analysis reveals

Northwest China (comprising Shaanxi Province, Gansu Province, Qinghai
Province, the Ningxia Hui Autonomous Region, and the Xinjiang Uyghur Au-
tonomous Region) serves as a critical ecological barrier and a strategic region for
resource development. Characterized by its vast territory and complex terrain,
this region plays a vital role in the national ecological security framework.
However, the fragile ecological environment, coupled with the challenges of
water scarcity and land desertification, necessitates a profound understanding
of its environmental dynamics to ensure sustainable development.

In recent years, the implementation of the “Great Western Development” strat-
egy and the “Belt and Road Initiative” has accelerated socioeconomic growth
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in the Northwest. This rapid development has brought both opportunities and
significant environmental pressures. To balance economic progress with ecolog-
ical preservation, researchers have increasingly turned to advanced analytical
tools, including machine learning and deep learning, to monitor environmental
changes, optimize resource allocation, and predict climate-related risks. These
technologies facilitate the processing of multi-source geospatial data, enabling
more precise interventions in ecological restoration and regional planning.

Furthermore, given that the impact of the pandemic serves as a critical oppor-
tunity to test the resilience of the tourism economy, incorporating data from
the years 2020-2022 can effectively prevent the underestimation of the digital
economy’ s impact.

As a vital ecological barrier, energy base, and a convergence zone for multi-
ethnic cultures, the region’ s tourism economy plays a crucial role in its overall
development.

The actual impact of the economy on the resilience of the tourism economy,
thereby providing a more comprehensive:--

The development of these regions is characterized by a typical paradox where an
abundance of cultural and tourism resources coexists with inherent industrial
vulnerability.

1. Introduction

In recent years, the rapid development of machine learning and deep learn-
ing has provided new analytical perspectives for various scientific fields. These
computational methods allow researchers to extract complex patterns from high-
dimensional datasets that were previously inaccessible through traditional sta-
tistical approaches. By leveraging sophisticated algorithms, we can now model
non-linear relationships and identify latent structures in empirical data with
greater precision.

[Figure 1: see original paper]

The integration of these advanced techniques into the current research frame-
work necessitates a rigorous evaluation of their theoretical foundations and
practical applications. This study aims to bridge the gap between traditional
methodologies and modern computational paradigms, offering a comprehensive
analysis of how these tools can be utilized to enhance predictive accuracy and
theoretical robustness.

1.1 Research Context and Objectives

The primary objective of this research is to explore the intersection of domain-
specific knowledge and data-driven modeling. As datasets grow in both scale and
complexity, the limitations of conventional linear models become increasingly
apparent. For instance, when considering the variable b in relation to the feature
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space F, simple regressions often fail to capture the underlying dynamics of the
system.

By employing a multi-faceted analytical perspective, we can better understand
the nuances of the data. This involves not only the application of specific algo-
rithms but also a critical assessment of their interpretability and generalizability.
As noted in previous studies [?, ?], the transition toward more complex mod-
els must be accompanied by a commitment to maintaining scientific rigor and
transparency in the modeling process.

2. Methodology

The methodological framework of this study is built upon the synthesis of several
key components. First, we define the mathematical representation of our target
function as follows:

y= /Q f(a, 0)dp(z) + ¢

where f(z,0) represents the mapping function parameterized by 6, and e de-
notes the stochastic noise component. This formulation allows for the flexibility
required to accommodate various deep learning architectures while preserving
the formal structure necessary for statistical inference.

2.2 Data Processing and Feature Engineering

Data preprocessing is a critical step in ensuring the efficacy of machine learning
models. We utilize a series of transformations to normalize the input features,
denoted as z,,, to ensure that the optimization process converges efficiently.
The transformation can be expressed as:

~

X

characteristics [?]. Currently, the tourism cooperation mechanism in Northwest
China has begun to take shape; however, it remains in a preliminary stage of
development. While foundational structures are in place, further integration
and strategic coordination are required to enhance the regional synergy and
maximize the collective potential of the tourism industry in this area.

1.3 BFEFE5IRFEEFHEDRENIE
Introduction

The synergistic mechanism between the regional digital economy and the re-
silience of the tourism economy remains to be elucidated. As the digital trans-
formation of the industry accelerates, understanding how digital infrastructure,
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data elements, and technological innovation interact with the structural stability
and recovery capacity of tourism systems has become a critical area of academic
inquiry. This study aims to explore the complex coupling relationship between
these two systems, identifying the key drivers that enable digital integration
to enhance the adaptive capacity of regional tourism economies in the face of
external shocks.

Resilience of the Digital Economy and Tourism Economy
under External Environmental Shocks

1. Introduction

In recent years, the global economic landscape has faced unprecedented chal-
lenges due to frequent external environmental shocks. Among these, the digi-
tal economy and the tourism economy have emerged as two critical pillars of
modern economic systems, yet they exhibit distinct characteristics in terms of
vulnerability and recovery. The digital economy, characterized by high-speed in-
formation flow and virtual connectivity, often serves as a buffer against physical
disruptions. Conversely, the tourism economy, which relies heavily on physical
mobility and face-to-face services, is highly sensitive to external disturbances.
Understanding the resilience of these two sectors—defined as their capacity to
absorb shocks, adapt to changes, and recover to a stable state—is essential for
sustainable regional development.

2. Theoretical Framework and Mechanism Analysis

The resilience of the digital and tourism economies is not isolated; rather, they
are deeply interconnected through technological integration and market dynam-
ics.

2.1 The Impact of External Shocks on Economic Resilience External
shocks, such as public health crises, geopolitical tensions, or natural disasters,
disrupt the equilibrium of regional economies. For the digital economy, these
shocks often act as a catalyst for “forced”digitalization, accelerating the adoption
of remote work, e-commerce, and digital services. For the tourism economy,
however, such shocks typically lead to a sharp decline in tourist arrivals and
revenue. The resilience of these sectors depends on their internal structural
stability and their ability to reconfigure resources dynamically.

2.2 Synergistic Effects between Digital and Tourism Economies The
digital economy enhances tourism resilience by providing tools for risk man-
agement, precision marketing, and virtual tourism experiences. Conversely, a
robust tourism sector provides diverse application scenarios for digital technolo-
gies, fostering further innovation. This synergy creates a feedback loop that
strengthens the overall economic resilience of a region. We can represent the
state of the system using a functional relationship:
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R=f(D,T,S)

where R represents total economic resilience, D is the level of digital economy
development, T is the tourism economy index, and S represents the magnitude
of the external shock.

3. Methodology and Data

To quantify the resilience of these sectors, this study employs a multi-
dimensional indicator system and econometric modeling.

3.1 Indicator System Construction We construct a resilience evaluation
index based on three dimensions: resistance, adaptation, and recovery. - Digital

Therefore, this study is based on data from five provinces in Northwest China
spanning the period from 2011 to 2022.

be viewed as a complex collaborative system. The two interact through a series
of non-linear mechanisms, forming a unified framework that facilitates informa-
tion exchange and functional integration. This synergy allows for the dynamic
adjustment of system parameters in response to environmental changes, ensur-
ing robust performance across various operational scenarios.

The synergy level between the two systems is evaluated, and the Haken model
is introduced to identify the order parameters of their co-evolution.

3. Synergetic Evolution Analysis Based on the Haken
Model

According to synergetics, the evolution of a complex system is governed by
internal competition and cooperation among its components. The Haken model
provides a mathematical framework to identify the “order parameters” —the
dominant variables that determine the macroscopic structure and behavior of
the system during phase transitions.

3.1 Model Construction

To analyze the synergistic relationship between the two subsystems, we define
the state variables as ¢; and ¢,. The evolution of these variables over time can
be described by a set of differential equations:

G =—"q +aq1qo
4o = =20 + bai

In this system, v, and v, represent the damping coefficients of the respective
subsystems. The parameters a and b characterize the strength of the interaction
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between the two variables. According to the adiabatic approximation principle
in synergetics, if v5 > 7, then ¢, decays much faster than ¢;. In this scenario,
qs follows ¢, instantaneously, and ¢; emerges as the order parameter that leads
the evolution of the entire system.

3.2 Identification of Order Parameters

By solving the motion equations, we can derive the potential function V(gq) of
the system:

1 ab ,

Vi) = =% — —
(q) NI~

The stability of the system is determined by the extrema of this potential func-
tion. When the system reaches a critical point, the state variable with the
smaller damping coefficient becomes the driving force of the synergistic evolu-
tion. By applying the Haken model to the empirical data, we can quantitatively
determine which subsystem acts as the primary driver and assess the overall
synergy level of the integrated system.

3.3 Synergy Level Measurement

The synergy level reflects the degree of coordination and mutual reinforcement
between the two subsystems

The digital economy system, through its core constitutive elements, provides a
robust foundation for the high-quality development of the tourism economy. By
integrating advanced digital technologies—such as big data, cloud computing,
and artificial intelligence—into the traditional tourism value chain, the digital
economy facilitates the optimization of resource allocation and the enhancement
of service efficiency. This systemic transformation enables tourism enterprises to
better understand consumer preferences through data-driven insights, leading to
more personalized and immersive travel experiences. Furthermore, the digital
economy fosters the emergence of new business models and platforms, which
bridge the gap between supply and demand, thereby promoting sustainable
growth and resilience within the global tourism industry.

Parameters and Control Variables: Analyzing Exogenous
Drivers Using Geographical Detectors

In the study of complex spatial systems, identifying the underlying driving forces
requires a rigorous distinction between internal parameters and external control
variables. By integrating these elements within the framework of the Geograph-
ical Detector (GeoDetector), researchers can effectively parse the mechanisms
of exogenous drivers and their spatial manifestations.
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The Role of Parameters and Control Variables

In spatial analysis, parameters typically represent the inherent characteristics or
state variables of the system under investigation, while control variables refer
to the external factors that influence or regulate these states. When analyz-
ing exogenous drivers, it is essential to determine how these external variables
dictate the spatial distribution and heterogeneity of the primary parameters.
The interaction between these components defines the system’ s response to
environmental or socioeconomic shifts.

Mechanism of the Geographical Detector

The Geographical Detector is a statistical method used to detect spatial stratifi-
cation heterogeneity and reveal the driving factors behind it. Unlike traditional
linear regression, it does not rely on strict assumptions of linearity or normality.
The core principle is based on the assumption that if an independent variable
(control variable) has a significant influence on a dependent variable (parame-
ter), their spatial distributions should exhibit a high degree of consistency.

The model utilizes the g-statistic to measure the explanatory power of exogenous
drivers:

L
—1_ Zh:l NhO—}ZL
4 No?
In this equation, h = 1,..., L represents the strata of the control variable; IV,

and N are the number of units in stratum h and the entire study area, respec-
tively; and o7 and o2 are the variances of the parameter within the stratum and
across the entire region. The value of ¢ ranges from [0, 1], where a higher value
indicates a stronger explanatory power of the exogenous driver on the spatial
heterogeneity of the parameter.

Parsing Exogenous Drivers

By applying the Geographical Detector, researchers can quantify the individual
and interactive effects of exogenous drivers. This process typically involves
several key detection modules:

1. Factor Detector: This module identifies which control variables are the
primary drivers of the observed spatial patterns. It ranks the importance
of different exogenous factors based on their g-values, allowing for the
identification of dominant influences.

2. Interaction Detector: Exogenous drivers rarely act in isolation. This
detector evaluates

The digital economy provides multi-level and comprehensive support for eco-
nomic resilience. Through the integration of advanced information technolo-
gies, the digital economy enhances the ability of economic systems to withstand
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shocks, recover from disruptions, and adapt to changing environments. This
support manifests in several key dimensions: first, by optimizing resource al-
location through data-driven decision-making; second, by fostering innovation
and new business models that diversify economic activity; and third, by improv-
ing the flexibility of supply chains and labor markets. Consequently, the digital
economy serves as a critical stabilizer and catalyst for sustainable growth in an
increasingly volatile global landscape.

the contribution of factors, thereby revealing the internal mechanisms of co-
evolution at the provincial scale.

Digital infrastructure provides critical support for real-time data processing and
remote collaboration. By leveraging digital technologies, organizations can en-
hance their operational efficiency and facilitate seamless communication across
geographically dispersed teams.

Abstract

“

This research achieves a theoretical transition from “coordination” to “co-
evolution.” By integrating multi-agent systems with advanced machine learning
frameworks, we propose a novel paradigm for understanding complex system
dynamics. The study demonstrates that agents do not merely adjust to static
environments but actively participate in a reciprocal evolutionary process, where
individual learning behaviors and environmental structures undergo simultane-
ous transformation. This shift provides a more robust foundation for modeling
long-term stability and adaptive intelligence in distributed networks.

Industry Maintains Stable Demand, Digital Innovation Fa-
cilitates Rapid Adjustments in Tourism

The tourism industry has demonstrated significant resilience, maintaining stable
demand while leveraging digital innovation to facilitate rapid structural adjust-
ments. As global travel patterns evolve, the integration of advanced technologies
has become a cornerstone for industry recovery and long-term growth.

Digital Transformation and Market Resilience

The stability of tourism demand is increasingly supported by digital platforms
that streamline the user experience and optimize resource allocation. Machine
learning algorithms and big data analytics allow service providers to predict
consumer behavior with higher precision, ensuring that supply meets shifting
demand in real-time. This digital infrastructure acts as a buffer against market
volatility, enabling the industry to pivot quickly during periods of economic or
social transition.
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Innovation as a Catalyst for Adjustment

Digital innovation is not merely a supplementary tool but a primary driver
of structural change within the tourism sector. From the implementation of
contactless services to the rise of virtual reality (VR) previews and augmented
reality (AR) guided tours, technology has redefined the value proposition of
travel destinations. These innovations allow for a more personalized and efficient
travel experience, reducing operational friction and enhancing overall visitor
satisfaction.

[Figure 1: see original paper]

Strategic Integration of Deep Learning

The application of deep learning models has further refined the industry’ s
ability to manage complex logistics and personalized marketing. By analyz-
ing vast datasets—ranging from historical booking patterns to real-time social
media trends—deep learning frameworks provide actionable insights that help
stakeholders optimize pricing strategies and inventory management. This level
of technical sophistication ensures that the tourism industry remains competi-
tive in an increasingly digitized global economy.

Conclusion

In conclusion, the synergy between stable industrial demand and continuous
digital innovation provides a robust framework for the future of tourism. As
the sector continues to adopt emerging technologies, the capacity for rapid ad-
justment and sustainable development will remain its defining characteristic.
The ongoing digital transformation ensures that the industry can navigate fu-
ture challenges while consistently meeting the evolving expectations of global
travelers.

Abstract

This study argues that a fundamental shift in perspective is required to ad-
vance the field, moving beyond traditional frameworks toward a more dynamic
understanding of the subject matter. Methodologically, this research achieves a
critical transition from “static measurement”to a more fluid, process-oriented an-
alytical approach. By moving away from fixed, cross-sectional evaluations, the
proposed methodology captures the evolving nature of the phenomena under
investigation, allowing for a more nuanced interpretation of temporal changes
and systemic interactions. This transition not only enhances the precision of
empirical observations but also provides a more robust theoretical foundation
for future academic inquiry.

supply structures and the iteration of implementation technologies [?, 7], while
ensuring through digital finance---
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The leap in “mechanism identification” aims to provide a scientific basis and
policy reference for the high-quality development of the digital economy and the
tourism industry in Northwest China.

1. Introduction

With the rapid advancement of a new generation of information technologies
—such as 5G, big data, cloud computing, and artificial intelligence—the digital
economy has become a core driver of global economic structural transformation.
In Northwest China, a region characterized by vast territory and unique eco-
logical constraints, the digital economy offers a transformative opportunity to
overcome traditional geographical barriers. Simultaneously, the tourism indus-
try serves as a vital pillar for regional economic growth and cultural preservation.
Achieving a “mechanism identification” leap involves moving beyond simple cor-
relation analysis to understand the deep-seated causal pathways through which
digital infrastructure, data elements, and digital platforms catalyze the upgrad-
ing of the tourism value chain.

2. Theoretical Framework and Mechanism Identification

The integration of the digital economy and tourism is not merely a superposition
of technologies but a fundamental restructuring of industrial logic. Mechanism
identification in this context focuses on three primary dimensions:

2.1 Resource Allocation Efficiency

The digital economy optimizes the allocation of tourism resources by reducing
information asymmetry. Through big data analytics, tourism destinations in the
Northwest can achieve precise demand forecasting and dynamic pricing, thereby
mitigating the seasonal fluctuations inherent in the region’ s climate.

2.2 Innovation-Driven Transformation

Digitalization fosters the emergence of new business models, such as “Cloud
Tourism,” virtual reality (VR) immersive experiences, and smart hospitality.
These innovations expand the boundaries of traditional tourism services, allow-
ing the rich cultural heritage of the Silk Road to be presented in more interactive
and accessible formats.

2.3 Spatial Spillover Effects

Unlike traditional industrial clusters, the digital economy exhibits strong spatial
spillover characteristics. The development of digital hubs in major cities like Xi’
an or Lanzhou can provide technological dividends to remote rural tourism sites,
facilitating a coordinated regional development pattern that bridges the “digital
divide.”

chinarxiv.org/items/chinaxiv-202604.00050 Machine Translation


https://chinarxiv.org/items/chinaxiv-202604.00050

[Figure 1: see original paper]

3. Empirical Analysis and Methodology

To identify these mechanisms, this study employs a multi-dimensional economet-
ric approach. We utilize panel data from five provinces in Northwest China to
construct a comprehensive evaluation index system for both the digital economy
and tourism high-quality development.

3.1 Model Specification

We employ a fixed-effects model to examine the direct impact, supplemented by
a mediation effect model to test the underlying pathways. The basic model is
specified as follows:

guarantee the supply of essential factors, thereby comprehensively enhancing
the resistance and recovery capabilities of the tourism economy.

This study provides a theoretical basis and precise policy insights for promoting
the high-quality, synergistic development of tourism economic resilience.

2.3 Resilience and Reconstructive Forces

The resilience of the tourism economic system is fundamentally driven by the
interplay between restorative and reconstructive forces. While restorative forces
allow the system to return to its baseline state following a disturbance, recon-
structive forces enable the system to evolve, adapt, and reach a more robust
equilibrium. At the same time, the tourism economic resilience system operates
within a complex environment where internal mechanisms and external shocks
constantly interact.

[Figure 1: see original paper]

The capacity of a destination to withstand economic volatility depends not only
on its immediate recovery speed but also on its long-term structural adaptabil-
ity. When the tourism economy encounters external crises—such as public health
emergencies, natural disasters, or economic downturns—the system’ s inherent
resilience determines the extent of the impact and the trajectory of the subse-
quent recovery. This process is often characterized by a dynamic adjustment
phase where resources are reallocated to mitigate losses and foster new growth
opportunities.

Furthermore, the integration of technological innovation and policy interven-
tions plays a critical role in enhancing these forces. By leveraging machine
learning and deep learning models to predict market trends and simulate crisis
scenarios, stakeholders can develop more effective strategies to bolster the sys-
tem’ s stability. The synergy between restorative capacity and reconstructive
potential ensures that the tourism economy does not merely bounce back to
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its original state but undergoes a qualitative transformation that enhances its
future sustainability.

Abstract

This study provides a scientific basis for the formulation of targeted policies
and decision-making references. By leveraging advanced analytical frameworks,
we aim to address the complexities inherent in the current research landscape,
ensuring that the proposed strategies are both robust and actionable for stake-
holders.

Introduction

In the era of rapid technological advancement, the integration of machine learn-
ing and deep learning has become pivotal in processing large-scale datasets. This
paper explores the theoretical foundations and practical applications of these
technologies, specifically focusing on their role in optimizing policy interven-
tions. As illustrated in [Figure 1: see original paper], the conceptual framework
bridges the gap between raw data acquisition and strategic implementation.

Methodology

Our approach utilizes a multi-layered architecture to ensure technical accuracy
and precision. We define the primary objective function as follows:

min £(6) = Zzn;z(f(xi; 0),) + A0(6)

where 6 represents the model parameters, £ is the loss function, and Q(6) serves
as the regularization term to prevent overfitting. This formulation allows for
the extraction of high-level features while maintaining generalizability across
diverse datasets.

Data Processing and Feature Engineering
The initial phase involves rigorous data cleaning and normalization. We denote

the normalized feature vector as Z, calculated by:

T —p
g

i’:

where 1 and o represent the mean and standard deviation, respectively. Follow-
ing the methodology described by [?], we apply a transformation & to map the
input space into a latent representation. This process is critical for identifying
non-linear correlations that traditional statistical methods might overlook.
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Results and Discussion

The experimental results, summarized in , demonstrate a significant improve-
ment in predictive accuracy compared to baseline models. The integration of
deep learning architectures allows for a more nuanced understanding of the un-
derlying variables.

As shown in [Figure 2: see original paper], the convergence rate of the proposed
algorithm is superior, reaching a stable state within fewer iterations. This effi-
ciency is particularly beneficial for real-time applications where computational
resources are constrained. Furthermore, the sensitivity analysis indicates that
the model remains robust under varying noise levels, as expressed by the stabil-
ity criterion:

I1f(z+e) = f

characteristics [?]. Currently, the tourism cooperation mechanism in Northwest
China has begun to take shape; however, it remains in a preliminary stage of
development. While foundational structures are in place, further integration
and strategic coordination are required to enhance the regional synergy and
maximize the collective potential of the tourism industry in this area.

1.3 BFEFE5IRBEFEEHDREIIE
Introduction

The synergistic mechanism between the regional digital economy and the re-
silience of the tourism economy remains to be elucidated. As the digital trans-
formation of the industry accelerates, understanding how digital infrastructure,
data elements, and technological innovation interact with the structural stability
and recovery capacity of tourism systems has become a critical area of academic
inquiry. This study aims to explore the complex coupling relationship between
these two systems, identifying the key drivers that enable digital integration
to enhance the adaptive capacity of regional tourism economies in the face of
external shocks.

Resilience of the Digital Economy and Tourism Economy
under External Environmental Shocks

1. Introduction

In recent years, the global economic landscape has faced unprecedented chal-
lenges due to frequent external environmental shocks. Among these, the digi-
tal economy and the tourism economy have emerged as two critical pillars of
modern economic systems, yet they exhibit distinct characteristics in terms of
vulnerability and recovery. The digital economy, characterized by high-speed in-
formation flow and virtual connectivity, often serves as a buffer against physical
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disruptions. Conversely, the tourism economy, which relies heavily on physical
mobility and face-to-face services, is highly sensitive to external disturbances.
Understanding the resilience of these two sectors—defined as their capacity to
absorb shocks, adapt to changes, and recover to a stable state—is essential for
sustainable regional development.

2. Theoretical Framework and Mechanism Analysis

The resilience of the digital and tourism economies is not isolated; rather, they
are deeply interconnected through technological integration and market dynam-
ics.

2.1 The Impact of External Shocks on Economic Resilience External
shocks, such as public health crises, geopolitical tensions, or natural disasters,
disrupt the equilibrium of regional economies. For the digital economy, these
shocks often act as a catalyst for “forced”digitalization, accelerating the adoption
of remote work, e-commerce, and digital services. For the tourism economy,
however, such shocks typically lead to a sharp decline in tourist arrivals and
revenue. The resilience of these sectors depends on their internal structural
stability and their ability to reconfigure resources dynamically.

2.2 Synergistic Effects between Digital and Tourism Economies The
digital economy enhances tourism resilience by providing tools for risk man-
agement, precision marketing, and virtual tourism experiences. Conversely, a
robust tourism sector provides diverse application scenarios for digital technolo-
gies, fostering further innovation. This synergy creates a feedback loop that
strengthens the overall economic resilience of a region. We can represent the
state of the system using a functional relationship:

R=f(D,T,S)

where R represents total economic resilience, D is the level of digital economy
development, 7" is the tourism economy index, and .S represents the magnitude
of the external shock.

3. Methodology and Data

To quantify the resilience of these sectors, this study employs a multi-
dimensional indicator system and econometric modeling.

3.1 Indicator System Construction We construct a resilience evaluation
index based on three dimensions: resistance, adaptation, and recovery. - Digital

Therefore, this study is based on data from five provinces in Northwest China
spanning the period from 2011 to 2022.
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be viewed as a complex collaborative system. The two interact through a series
of non-linear mechanisms, forming a unified framework that facilitates informa-
tion exchange and functional integration. This synergy allows for the dynamic
adjustment of system parameters in response to environmental changes, ensur-
ing robust performance across various operational scenarios.

The synergy level between the two systems is evaluated, and the Haken model
is introduced to identify the order parameters of their co-evolution.

3. Synergetic Evolution Analysis Based on the Haken
Model

According to synergetics, the evolution of a complex system is governed by
internal competition and cooperation among its components. The Haken model
provides a mathematical framework to identify the “order parameters” —the
dominant variables that determine the macroscopic structure and behavior of
the system during phase transitions.

3.1 Model Construction

To analyze the synergistic relationship between the two subsystems, we define
the state variables as ¢; and g,. The evolution of these variables over time can
be described by a set of differential equations:

¢ = —"Nq +aq19s
Go = —Y2q2 + bQ%

In this system, v; and ~, represent the damping coefficients of the respective
subsystems. The parameters a and b characterize the strength of the interaction
between the two variables. According to the adiabatic approximation principle
in synergetics, if v5 > 7, then ¢, decays much faster than ¢,. In this scenario,
g, follows ¢, instantaneously, and g; emerges as the order parameter that leads
the evolution of the entire system.

3.2 Identification of Order Parameters

By solving the motion equations, we can derive the potential function V(q) of
the system:

1 ab ,

Vig) = =% — —
(q) NI~ G

The stability of the system is determined by the extrema of this potential func-
tion. When the system reaches a critical point, the state variable with the
smaller damping coefficient becomes the driving force of the synergistic evolu-
tion. By applying the Haken model to the empirical data, we can quantitatively
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determine which subsystem acts as the primary driver and assess the overall
synergy level of the integrated system.

3.3 Synergy Level Measurement

The synergy level reflects the degree of coordination and mutual reinforcement
between the two subsystems

The digital economy system, through its core constitutive elements, provides a
robust foundation for the high-quality development of the tourism economy. By
integrating advanced digital technologies—such as big data, cloud computing,
and artificial intelligence—into the traditional tourism value chain, the digital
economy facilitates the optimization of resource allocation and the enhancement
of service efficiency. This systemic transformation enables tourism enterprises to
better understand consumer preferences through data-driven insights, leading to
more personalized and immersive travel experiences. Furthermore, the digital
economy fosters the emergence of new business models and platforms, which
bridge the gap between supply and demand, thereby promoting sustainable
growth and resilience within the global tourism industry.

Parameters and Control Variables: Analyzing Exogenous
Drivers Using Geographical Detectors

In the study of complex spatial systems, identifying the underlying driving forces
requires a rigorous distinction between internal parameters and external control
variables. By integrating these elements within the framework of the Geograph-
ical Detector (GeoDetector), researchers can effectively parse the mechanisms
of exogenous drivers and their spatial manifestations.

The Role of Parameters and Control Variables

In spatial analysis, parameters typically represent the inherent characteristics or
state variables of the system under investigation, while control variables refer
to the external factors that influence or regulate these states. When analyz-
ing exogenous drivers, it is essential to determine how these external variables
dictate the spatial distribution and heterogeneity of the primary parameters.
The interaction between these components defines the system’ s response to
environmental or socioeconomic shifts.

Mechanism of the Geographical Detector

The Geographical Detector is a statistical method used to detect spatial stratifi-
cation heterogeneity and reveal the driving factors behind it. Unlike traditional
linear regression, it does not rely on strict assumptions of linearity or normality.
The core principle is based on the assumption that if an independent variable
(control variable) has a significant influence on a dependent variable (parame-
ter), their spatial distributions should exhibit a high degree of consistency.
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The model utilizes the g-statistic to measure the explanatory power of exogenous
drivers:

L
—1_ Zh:l NhJ}QL
g No?
In this equation, h = 1, ..., L represents the strata of the control variable; IV,

and N are the number of units in stratum h and the entire study area, respec-
tively; and o7 and o2 are the variances of the parameter within the stratum and
across the entire region. The value of ¢ ranges from [0, 1], where a higher value
indicates a stronger explanatory power of the exogenous driver on the spatial
heterogeneity of the parameter.

Parsing Exogenous Drivers

By applying the Geographical Detector, researchers can quantify the individual
and interactive effects of exogenous drivers. This process typically involves
several key detection modules:

1. Factor Detector: This module identifies which control variables are the
primary drivers of the observed spatial patterns. It ranks the importance
of different exogenous factors based on their g-values, allowing for the
identification of dominant influences.

2. Interaction Detector: Exogenous drivers rarely act in isolation. This
detector evaluates

The digital economy provides multi-level and comprehensive support for eco-
nomic resilience. Through the integration of advanced information technolo-
gies, the digital economy enhances the ability of economic systems to withstand
shocks, recover from disruptions, and adapt to changing environments. This
support manifests in several key dimensions: first, by optimizing resource al-
location through data-driven decision-making; second, by fostering innovation
and new business models that diversify economic activity; and third, by improv-
ing the flexibility of supply chains and labor markets. Consequently, the digital
economy serves as a critical stabilizer and catalyst for sustainable growth in an
increasingly volatile global landscape.

the contribution of factors, thereby revealing the internal mechanisms of co-
evolution at the provincial scale.

Digital infrastructure provides critical support for real-time data processing and
remote collaboration. By leveraging digital technologies, organizations can en-
hance their operational efficiency and facilitate seamless communication across
geographically dispersed teams.
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Abstract

“

This research achieves a theoretical transition from “coordination” to “co-
evolution.” By integrating multi-agent systems with advanced machine learning
frameworks, we propose a novel paradigm for understanding complex system
dynamics. The study demonstrates that agents do not merely adjust to static
environments but actively participate in a reciprocal evolutionary process, where
individual learning behaviors and environmental structures undergo simultane-
ous transformation. This shift provides a more robust foundation for modeling
long-term stability and adaptive intelligence in distributed networks.

Industry Maintains Stable Demand, Digital Innovation Fa-
cilitates Rapid Adjustments in Tourism

The tourism industry has demonstrated significant resilience, maintaining stable
demand while leveraging digital innovation to facilitate rapid structural adjust-
ments. As global travel patterns evolve, the integration of advanced technologies
has become a cornerstone for industry recovery and long-term growth.

Digital Transformation and Market Resilience

The stability of tourism demand is increasingly supported by digital platforms
that streamline the user experience and optimize resource allocation. Machine
learning algorithms and big data analytics allow service providers to predict
consumer behavior with higher precision, ensuring that supply meets shifting
demand in real-time. This digital infrastructure acts as a buffer against market
volatility, enabling the industry to pivot quickly during periods of economic or
social transition.

Innovation as a Catalyst for Adjustment

Digital innovation is not merely a supplementary tool but a primary driver
of structural change within the tourism sector. From the implementation of
contactless services to the rise of virtual reality (VR) previews and augmented
reality (AR) guided tours, technology has redefined the value proposition of
travel destinations. These innovations allow for a more personalized and efficient
travel experience, reducing operational friction and enhancing overall visitor
satisfaction.

[Figure 1: see original paper]

Strategic Integration of Deep Learning

The application of deep learning models has further refined the industry’ s
ability to manage complex logistics and personalized marketing. By analyz-
ing vast datasets—ranging from historical booking patterns to real-time social
media trends—deep learning frameworks provide actionable insights that help

chinarxiv.org/items/chinaxiv-202604.00050 Machine Translation


https://chinarxiv.org/items/chinaxiv-202604.00050

ChinaRxiv [$X]

stakeholders optimize pricing strategies and inventory management. This level
of technical sophistication ensures that the tourism industry remains competi-
tive in an increasingly digitized global economy.

Conclusion

In conclusion, the synergy between stable industrial demand and continuous dig-
ital innovation provides a robust framework for the future of tourism. As the
sector continues to adopt emerging technologies, the capacity for rapid adjust-
ment and sustainable development will remain its defining characteristic. The
ongoing digital transformation

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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