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Introduction: The Tibetan Plateau, regarded as China’s “national ecological
security barrier,” faces challenges in balancing resilient economic growth and
environmental protection under climate change.
Methods: This study applies an input-output (IO) model combined with a four-
quadrant resilience framework to analyze the linkages and ripple effects of 21
sectors in the Xizang Autonomous Region during 2012-2017.
Results: The results show that the overall intermediate input coefficient rose from
2012 to 2017, reflecting industrialization but with evident sectoral disparities.
Specifically, the primary industry remains underdeveloped, whereas the
secondary industry and traditional services are resource-intensive and
technologically weak, failing to transition into modern industries characterized
by low resource use and high value added. Recent policy adjustments have
reduced the influence of high-energy-consuming sectors; however, weak
integration with local resources has limited the economic spillover effects of
distinctive local assets. Structurally, most sectors exhibit path dependence
shaped by existing structures and comparative advantages. Notably, only three
sectors (materials; accommodation and catering; wholesale and retail) shifted
categories over the past decade, reflecting growing economic reliance on raw
materials and tourism and signaling rising environmental pressures.
Discussion: The findings indicate that environmental protection will become
increasingly vital for enhancing economic resilience in Xizang. Accordingly, the
study calls for sector-specific pathways of industrial upgrading, technological
innovation, and supportive policy interventions to foster resilient economic
growth while maintaining ecological security.
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1 Introduction

As a core vehicle for economic systems to address climate challenges, industrial
structure directly determines the efficiency of national economic growth while
profoundly influencing ecological security and societal wellbeing. The spatiotemporal
complexity of regional industrial structure interconnections constitutes a “gray box” of
indirect economic-technological linkages. As economic pressures intensify (United
Nations, Department of Economic and Social Affairs, 2024) and global uncertainties
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mount (Lesk et al., 2016; Cui and Yang, 2022; Yuan and Hu, 2023),
there is growing academic and policy interest in understanding
regional industrial interdependencies and fostering resilience to
promote high-quality socioeconomic development.

Existing studies on industrial structural change have developed
several classical theories, which can be classified into three categories
over time. The first category, the theory of structural evolution
trends, identifies patterns based on external manifestations of
industrial structural changes. Key examples include the “Petty-
Clark Law” (Clark, 1967), the “Kuznets Curve” (Kuznets, 1949),
“Hoffmann’s Theorem” (Hoffmann, 1970), and Input-Output
Theory (Leontief, 1986). The second category, the theory of
industrial structural adjustment, examines the relationship
between industrial structural changes and economic development.
Prominent theories include Lewis’s Dual Economy Theory (Lewis,
1954), Hirschman’s Unbalanced Growth Theory (Hirschman,
1958), and Rostow’s Stages of Economic Growth (Rostow, 1959).
The third category, the theory of structural evolution models,
explores how factors like foreign trade (Davis, 1997), finance
(Ross et al., 2000), and technological progress influence industrial
structure (Zhang and Hu, 2010). However, these theories are
predominantly rooted in an economic efficiency-oriented view of
industrialization. They pay insufficient attention to resilience
mechanisms that enable the industrial system to function under
external shocks and ecological constraints, which limits their
applicability amid intensifying climate change and resource stress.

Resilience research has extended from natural sciences to
interdisciplinary fields such as environmental economics,
attracting increasing attention in regional green transition and
sustainability studies. The concept of resilience was first
introduced by ecologist Holling (Holling, 1973), originally
referring to the capacity of ecosystems to maintain structural and
functional stability under external disturbances. Given its relevance
to regional economic recovery in ecological studies (Farber, 1995),
the concept was later adopted in fields such as regional development
and industrial policy. This extension gave rise to the notion of
economic resilience (Martin, 2012; Martin et al., 2016; Klimek
et al., 2019).

In recent years, traditional economic development models have
faced growing pressure to balance economic growth with
environmental protection. Correspondingly, research on
economic resilience has gained increasing attention, primarily
focusing on three aspects. First, the conceptualization and
theoretical evolution of regional economic resilience has shifted
from viewing resilience as a static state to a dynamic process (Rose,
2007). This shift has led to frameworks that incorporate resistance,
recovery, adaptability, and transformability (Martin and Sunley,
2015; Grafton et al., 2019). The IPCC’s resilience
framework—emphasizing resistance, recovery, and
transformation—has also become a key reference for assessing
regional adaptability (Denton et al., 2014; Singh and Chudasama,
2021). Second, spatial identification and trend analysis using tools
such as the geographical detector have revealed significant spatial
disparities. However, existing studies predominantly focus on
national scales (Balland et al., 2015; Martin and Gardiner, 2019;
Tan et al., 2020), economically developed urban agglomerations
(Brakman et al., 2015; Liu et al., 2020; Zhang et al., 2022), or key
industrial sectors (Jones et al., 2022; Parete et al., 2024; Zheng et al.,

2024). As a result, insufficient attention has been paid to the
resilience of industrial structures in ecologically vulnerable
regions. Third, resilience is commonly assessed using methods
such as indicator systems, core variable analysis, input–output
models, and network structures (Xiao et al., 2024). While these
approaches emphasize macro-level system responses to shocks, they
often lack systematic characterization of internal structural
dynamics and interaction strength at the micro level.

This study defines economic resilience as the capacity of an
economy to withstand external disturbances and adjust its
development trajectory accordingly. It offers a viable pathway to
cope with shocks while sustaining economic growth and ensuring
environmental protection. Industrial structure plays a central role in
shaping regional economic resilience, and advancing economic
resilience requires a fundamental transformation toward greater
structural resilience. The aforementioned research offers valuable
insights into the evolution of industrial structure and the
development of economic resilience. However, three critical
aspects relevant to current sustainability transitions remain
insufficiently addressed. First, existing studies are predominantly
concentrated in economically developed regions, with limited focus
on the ecologically fragile regions such as Xizang and the
transformation of their industrial sectors. Second, the majority of
research relies on cross-sectional data, which constrains the ability
to capture the long-term evolution of industrial linkages under the
carbon neutrality target. Third, current methodologies tend to
emphasize either national-level or single-sector evaluations,
overlooking the dynamic inter-sectoral feedback effects within the
input-output structures.

Ecologically fragile regions face compounded
challenges—ecosystem vulnerability, dependence on resource-
intensive industries, and underdeveloped economies—making
them key constraints to regional sustainability (Tian et al., 2020;
Fan et al., 2022; Erdogan, 2024). Taking plateau and mountainous
regions as examples, areas such as Qinghai and Xizang in China
(Immerzeel et al., 2020; Yao et al., 2022), as well as Nepal’s Hindu
Kush Himalayan region (Tuladhar et al., 2021; Yang et al., 2022;
Kapruwan et al., 2025), exhibit weak industrial foundations and
limited resilience to external shocks. Similar challenges are
widespread in arid ecologically fragile zones, including the Hexi
Corridor in China (Pan et al., 2022; Shao et al., 2023), Kazakhstan in
Central Asia (Ding et al., 2024; Wei et al., 2025), and the Ethiopian
Highlands in Africa (Moat et al., 2017; Teku and Eshetu, 2024),
which suffer from water scarcity and poor ecological
recovery capacity.

Xizang Autonomous Region (hereafter ‘Xizang’) is located in the
core area of the Qinghai-Tibet Plateau, subject to unique
requirements in both economic development and environmental
conservation (Hua et al., 2012; Zhou et al., 2020; Liu et al., 2023). It
covers areas with fragile ecosystems sensitive to climate change and
is also characterized by lower socioeconomic development (Moat
et al., 2017). Meanwhile, China’s 14th Five-Year Plan (FYP)
explicitly designates Xizang as a key region for plateau ecosystem
protection and climate resilience strategies, with policy priorities
including enhanced adaptive capacity and industrial restructuring
(Xie et al., 2003; Zhang et al., 2024). Thus, Xizang exemplifies the
resource–environment constraints and structural vulnerabilities
typical of ecologically fragile regions, while also benefiting from a
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unique opportunity for green transition supported by national
strategies. This study’s analysis of Xizang helps identify its
industrial restructuring path and provides a reference for
sustainable transitions in similar regions.

In summary, existing research lacks in-depth exploration of the
dynamic interconnections of industrial structures and their policy
adaptability in ecologically fragile regions. After clarifying the
concept of economic resilience, this study, based on the 2012 and
2017 IOTs of the Xizang Autonomous Region, constructs a dynamic
input-output model to analyze the temporal evolution and ripple
effects of industrial linkages. It also builds on the influence
coefficient (FC) and sensitivity coefficient (EC), integrating the
IPCC’s three resilience dimensions (resistance, recovery, and
transformation) into a four-quadrant resilience model. The
model helps identify key sector types and supports the design of
tailored policy strategies, providing theoretical and decision-making
references for promoting ecological security and high-quality
transformation in Xizang.

2 Method and data

2.1 Assessment approach and models

The input-output model (IO Model) is a widely applied tool for
analyzing industrial linkages and structural changes in industrial
systems (Leontief, 1986). This model is rooted in general
equilibrium theory and employs balance sheets to illustrate the
sources of inputs and destinations of outputs for various sectors
within an economy (Zhifu et al., 2016). We use statistical indicators
such as the Intermediate Input Coefficient (IICj), Influence
Coefficient (FCj), and Sensitivity Coefficient (ECi) to assess inter-
industry economic resilience linkages (He and Yu, 2022). Sectors
with high intermediate input coefficients tend to face greater
environmental burdens and transformation pressures.

(1) The intermediate input coefficient (IICj) represents the ratio
of intermediate inputs to total inputs in the jth industry of the
economy. It is calculated as follows (Equation 1):

IICj � ∑n
i�1xij

Xj
(1)

where xij denotes the value of intermediate inputs from sector i to j,
and Xj is the total input of sector j. Higher intermediate input
coefficient indicates stronger upstream linkages and driving effects
within the broader economy. Since the sum of the intermediate
input coefficients and the value-added rate is always equal to 1,
sectors with a high intermediate input rates tend to exhibit strong
driving effects but low value-added levels. Under the ecological
constraints in Xizang, sectors with high intermediate input
coefficients face greater transformation barriers and exhibit
weaker capacity for resilient development.

(2) Industrial ripple effect

The industrial ripple effect refers to the phenomenon where
changes in one sector trigger a chain reaction of changes in others

(Chen et al., 2023). This effect is captured through two key
indicators: the influence coefficient and the sensitivity coefficient.
The influence coefficient (FC) measures the total increase in output
across all sectors resulting from a one-unit increase in the final
demand of a given sector. A higher FC indicates a stronger capacity
to drive economic activity, identifying the sector as a core economic
driver (Kong et al., 2023). The sensitivity coefficient quantifies (EC)
the output required from a specific sector in response to an increase
in final demand across all other sectors. A higher EC suggests that
the sector plays a more foundational or constraining role in the
economy, often regarded as a basic or bottleneck sector (Kong et al.,
2024). The corresponding relationships are presented in Equations
2 and 3.

FCj � ∑n
i�1Lij

1
n∑

n
j�1 ∑n

i�1Lij( )
(2)

ECi �
∑n

j�1Lij

1
n∑

n
i�1 ∑n

j�1Lij( )
(3)

where FCj and ECi represent the influence and sensitivity
coefficients, respectively, and Lij denotes the element in the ith
row and jth column of the Leontief inverse matrix. If FCj >1, it
indicates that the sector’s influence exceeds the average level across
all sectors; otherwise, it falls below the average. The interpretation of
ECi follows the same logic.

2.2 Four-quadrant resilience model

To assess the resilience potential of different sectors in Xizang,
this study develops an extended four-quadrant model that integrates
the resilience dimensions proposed IPCC (resistance, recovery, and
transformation) (Denton et al., 2014; Pörtner et al., 2023). The
traditional four-quadrant model, which captures the coupling
relationships between two indicators, has been widely applied in
diverse fields such as economics and environmental studies (Juan
et al., 2008; Yongxiu et al., 2020; Jiang et al., 2025).

In this study, the four-quadrant model employs the influence
coefficient (FC) and sensitivity coefficient (EC) as the horizontal and
vertical axes, respectively, to assess the structural position and
economic significance of each sector within the regional
economic system (Figure 1). Specifically, FC captures a sector’s
influence ability (pull effect), while EC reflects its responsiveness to
systemic shocks (push effect). By incorporating the IPCC’s resilience
framework (resistance, recovery, and transformation), the model
identifies sectors from both structural and functional resilience
perspectives. Based on the combination of FC and EC values,
four quadrant types are identified: Quadrant I (high FC-high
EC), Quadrant II (low FC-high EC), Quadrant III (low FC-low
EC), and Quadrant IV (high FC-low EC). The sectoral classification
and associated resilience traits are detailed in Section 3.3.

2.3 Data source and processing

This study employs monetary input-output tables (IOTs) and
socio-economic statistics. The IOTs offer a structured
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representation of intersectoral economic relationships and are
compiled by the National Bureau of Statistics of China every
5 years (NBSC, https://www.stats.gov.cn/english/, accessed August
15, 2025). However, regional IOTs for Xizang are available only for
2012 and 2017 (Liu et al., 2015). Socio-economic data for
1990–2020 were obtained from the China Statistical Yearbook
and Xizang Statistical Yearbook (1990–2021). In addition, to
align the sectors in the IOTs with those in the statistical
yearbook, 42 sectors were aggregated into 21 representative
sectors based on the Classification and Code Standard of
National Economy Industry (GB/T 4754-2017) (NBSC, 2017)
(Supplementary Table S1).

3 Results

3.1 Temporal evolution of industrial
structure linkages in Xizang

3.1.1 Industrial structure shifts and associated
challenges

Since the 12th Five-Year Plan, Xizang’s industrial structure has
shifts toward a ‘3-2-1’ pattern, with the tertiary industry becoming

dominant (Table 1). A modern industrial system has gradually
emerged, characterized by an agricultural base, specialized
plateau industries, and rapid expansion of services (Yu et al., 2011).

During 1990–1996, Xizang followed a “1-3-2” industrial pattern.
Driven by the region’s unique geography and distinct historical-
cultural traditions. Xizang’s industrial structure during this period
was highly undiversified, dominated by crop farming and animal
husbandry. The economy remained primarily pastoral,
supplemented by limited subsistence-based mixed farming.
Simultaneously, with growing national and regional support,
modern industrial activities began to emerge. The service sectors,
particularly transportation and telecommunications, expanded
rapidly, resulting in a ‘1-3-2’ industrial structure in which the
tertiary industry outpaced the secondary in both scale and
growth (Figure 2).

The period from 1997 to 2002, Xizang marked a transition
toward a “1-3-2” industrial pattern. Following the Third National
Conference on Xizang, the region’s tertiary industry underwent a
near-leapfrogging surge in output, surpassing the primary industry
in GDP contribution by 1997. It became the leading driver of
regional economy activity, far exceeding the national average at
the time (Zheng and Zhao, 2023). Meanwhile, supported by targeted
industrial policies, the secondary industry experienced rapid growth.

FIGURE 1
Four-quadrant diagram based on influence and sensitivity coefficients.

TABLE 1 Comparison of GDP and economic structure between national and Xizang, 2012–2020.

Year GDP (108 yuan) Industrial composition (% of GDP)

The primary industry The secondary industry The tertiary industry

China Xizang China Xizang China Xizang China Xizang

2012 540,367.4 701.03 10.1 11.5 45.3 34.5 44.6 54

2015 688,858.2 1,043 9.0 9.4 40.5 36.7 50.5 53.9

2017 832,035.9 1,349 7.9 9.4 40.5 39.2 51.6 51.4

2020 1,015,986.2 1902.7 7.7 7.9 37.8 42 54.5 50.1

Source: National Bureau of Statistics of China.
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A plateau-oriented industrial system gradually took shape, with
emerging sectors such as “wool textiles” and “pharmaceuticals”
sectors playing increasingly prominent roles.

The early 2000s witnessed the consolidation of a “3-2-1”
industrial structure in Xizang. Capitalizing on abundant natural
and unique cultural resources, the tourism sector emerged as a core
driver of economic growth, marking the rise of the tertiary industry’s
emergence as a strategic pillar. Simultaneously, infrastructure-
related activities, particularly in the construction sector
underwent rapid expansion, largely propelled by the Qinghai-
Xizang Railway project. By 2003, the output of the secondary
industry has surpassed that of the primary industry. This
transition solidified the “3-2-1” pattern, which remained stable
thereafter.

However, the “3-2-1” pattern does not mean that the structural
problems in Xizang’s economy have been resolved. Since 1997, the
tertiary industry has expanded rapidly, reaching the “3-2-1” pattern
by 2005, with its share stabilizing at 50%–60% of GDP—outpacing
most Chinese provinces (Liu and Li, 2021). However, structural
quality remains suboptimal. The agricultural sector, constrained by
environmental conditions and a prevailing subsistence mindset
among herders (Xu et al., 2024), continues its slow transition
from traditional pastoralism to modern agriculture, with low
productivity and limited commercialization. The secondary
industry lags behind due to misaligned priorities, with the
“construction” sector overshadowing manufacturing and
contributing far below the national average (Figure 3). The
tertiary industry, predominantly composed of low-tech, low-
margin services, has further inflated the region’s economic scale
without corresponding gains in efficiency or resilience.

In conclusion, while Xizang’s economy has exhibited rapid
growth momentum in recent years, its overall scale remains
limited, and the industrial structure remains suboptimal.
Accelerating the transition toward a modern and sustainable

industrial system is therefore imperative. Leveraging its late-
mover advantage in industrial upgrading holds significant
potential for advancing economic development, promoting
ecological civilization, and protecting critical water source areas.

3.1.2 Changes in intermediate input coefficient in
Xizang’s industrial structure

The intermediate input coefficient (IIC) of Xizang’s three major
industries exhibited an overall upward trend, albeit with persistent
structural disparities (Table 2). Amid tightening environmental
regulations, the IIC of the primary industry declined slightly
(−4.37%), while those of the secondary and tertiary industries
increased by 23.90% and 11.58%, respectively. The secondary
industry recorded the highest IIC at 62.10%, reflecting its strong
economic linkages, yet it remains in a resource-intensive and low
value-added development stage. Within the tertiary industry,
traditional services exhibited higher IIC than modern services.
This indicates that despite the latter’s rapid growth and higher
value-added potential, traditional services still dominate in
economic inter-connectivity. Overall, the increasing IIC, mainly
driven by the secondary industry, mirrors global industrialization
patterns and reinforces earlier observations regarding its increasing
contribution to value-added share.

From 2012 to 2017, Xizang’s key driving industries, defined by IIC
≥ 0.5 (Equation 1), remained concentrated in “light industry” and
“construction” sectors. These sectors exhibited strong economic
linkages, with an average IIC of 66.32%, but were marked by low
value-added and high resource consumption. In contrast, modern
services, particularly high-value-added sectors such as “finance,”
exhibited rapid growth but exerted weaker upstream driving effects.
Notably, tourism-related public services recorded an IIC of 55.69% and
a growth rate of 5.15%, underscoring the effectiveness of Xizang’s
regional tourism promotion and global positioning strategies. Moving
forward, industrial optimization should focus on leveraging local

FIGURE 2
Time series of GDP and the proportion of the three industries in Xizang Autonomous Region from 1990 to 2020.
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resource endowments, prioritizing high–intermediate–input sectors,
and advancing eco-friendly and sustainable development pathways.

3.2 Spillover effects in Xizang’s
industrial structure

From 2012 to 2017, Xizang’s industrial structure exhibited
pronounced spillover effects, with notable variations in sectoral
influence and sensitivity. These shifts reflect the impact of industrial
policy adjustments and a gradual move toward greener development.

3.2.1 Changes in sectoral influence coefficient (FC)
Between 2012 and 2017, Xizang’s industrial structure and its

sectoral influence coefficient (FC) underwent notable changes. The
agricultural sector remained weak in systemic influence, with FC values
consistently below 1 (0.772–0.796) (Table 3; Figure 4). The secondary
industry continued to drive economic growth, shifting from resource-
intensive sectors toward more environmentally friendly ones. Four of
the five most influential sectors (FC > 1) belonged to the secondary
industry, highlighting its key role in regional development. This shift
aligns with national policies promoting industrial restructuring and the
adoption of green technologies. While resource-intensive sectors
exhibited marginal growth (0.01%) or substantial contraction
(−51.65%), high-tech industries such as mechanical engineering
expanded rapidly (FC = 1.331), indicating a transition towards green
manufacturing. This structural evolution contributes to greater
economic resilience and reduced environmental degradation. The
tertiary industry remained dominated by traditional services, with an
average FC equal to 1.12 times the social average. However, sectors such
as “education” and recreational services showed notable growth. These
trends highlight the need to better integrate modern services with

primary and secondary industries to enhance system-level resilience
and mitigate ecological pressures.

3.2.2 Changes in sectoral sensitivity coefficient (EC)
From 2012 to 2017, the sensitivity coefficient (EC) of Xizang’s

industrial structure showed a modest upward trend, with notable
sectoral disparities, particularly in the secondary industry
(Figure 5). This rise in sensitivity highlights an increasing
responsiveness of industrial sectors to external shocks, including
policy shifts and environmental constraints. The EC of the primary
industry declined from 1.413 to 1.114, yet remained at 1.1 times the
social average, suggesting continued systemic dependence on its
inputs (Table 4). By contrast, the EC of the secondary industry rose
to 1.73 times the average, indicating strong demand and
heightened exposure to external market and environmental
conditions. As the industrial structure evolved, heavy industries
increasingly constrained economic growth, with their structural
limitations becoming more evident. Despite efforts to promote
new-type industrialization and improve quality, these sectors
remain challenged by ecological policies and regional
development constraints. In particular, sectors such as
construction and energy, which depend heavily on natural
resources and are sensitive to climate and policy changes, are
under growing pressure to accelerate their transition toward green
technologies to mitigate ecological and market risks.

In addition, the sensitivity of the tertiary industry
showed a gradual decline, especially in productive service
sectors such as “transportation, warehousing, and postal
services (I)”. These shifts highlight the urgency of integrating
resilience considerations into industrial optimization
strategies, especially in ecologically fragile and high-
altitude regions.

FIGURE 3
Cumulative GDP in the Xizang Autonomous Region from2000 to 2020. Note: The right bar chart shows the composition of GDP growth by industry,
including overall shares and the internal structure of the secondary industry.
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3.3 Evolution of sectoral linkage and
resilience characteristics in Xizang

The analysis of spillover effects in Xizang’s industrial structure
provides a critical lens for evaluating economic resilience.
Intersectoral linkages reflect the relative position and systemic
roles of different sectors, laying a foundation for sectoral
classification and policy design. Based on the results from FC
and EC, a four-quadrant resilience model was developed to
classify sectoral resilience types (Figure 6). The resilience
characteristics of each quadrant are then analyzed using the
IPCC’s dimensional resilience framework (Table 5), which details
the correspondence between sectoral linkages and resilience
characteristics for each quadrant.

In 2017, Quadrant I (FC > 1, EC > 1) encompassed six key
sectors, including “light industry (C),” “materials industry (D),”
“mechanical engineering (E),” “electricity and utilities (F),”
“transport (I),” and “finance (L).” These sectors exhibited strong
dual-directional linkages, exerting significant influence on both
upstream and downstream activities, underscoring their central
role in intermediate input supply and market demand
stimulation. Over time, their FC and EC values increased,

especially within secondary industries, indicating that mature yet
low-tech sectors such as “light industry (C)” continued to drive
economic activity in Xizang (Figure 6). From a resilience
perspective, these resource-oriented manufacturing sectors
demonstrated strong resistance, supported by solid infrastructure
and economic relevance. However, their recovery capacity was
hindered by resource dependency and low technological
advancement. Nonetheless, their transformation potential remains
high, particularly with policy support and R&D investment in green
energy and sustainable finance, positioning them as strategic targets
for industrial upgrading.

In 2017, Quadrant II (FC < 1, EC > 1) included three sectors:
“agriculture, forestry, and fishery (A)”, “mining (B)”, and “leasing
and business services (N)”. These sectors exhibited weak direct
influence on other industries but played a fundamental role in
supporting the regional economy. During the study period, the
primary industry shifted downward-rightward, reflecting increased
FC due to the development of characteristic agriculture, yet a decline
in EC suggested limitations in meeting local industrial demands.
“Mining (B)” sector experienced a sharp EC surge, largely
constrained by ecological regulations. From a resilience
perspective, Agriculture, forestry, and fishery (A) and Mining (B)

TABLE 2 Intermediate input coefficient of 21 sectors in Xizang from 2012 to 2017.

Sectors (Code) Intermediate input coefficient Rate of change

2012 2017

Agriculture, forestry, and fishery(A) 0.307 0.293 −4.37%

Mining(B) 0.457 0.378 −17.28%

Light industry(C) 0.626 0.614 −1.92%

Materials industry (D) 0.407 0.601 47.70%

Mechanical engineering industry (E) 0.808 0.666 −17.57%

Electricity, gas and water production and supply (F) 0.942 0.539 −42.77%

Construction (G) 0.706 0.707 0.09%

Wholesale and retail (H) 0.470 0.524 11.36%

Transport, warehousing, and postal services (I) 0.620 0.644 3.88%

Accommodation and food service (J) 0.521 0.539 3.32%

Information software and technology services (K) 0.470 0.550 16.97%

Finance (L) 0.502 0.539 7.35%

Real estate (M) 0.307 0.333 8.36%

Leasing and business services (N) 0.291 0.288 −1.11%

Scientific research and technology services (O) 0.202 0.344 69.94%

Water, environmental and public facilities management (P) 0.403 0.371 −7.83%

Residential services, repair and other services (Q) 0.542 0.577 6.45%

Education (R) 0.191 0.218 14.06%

Health and social work (S) 0.163 0.1644 0.82%

Culture, sports and entertainment (T) 0.543 0.571 5.15%

Public administration, social security and organizations (U) 0.301 0.371 23.44%

Note: Data were derived from the input-output tables of Xizang for 2012 and 2017, as published by the National Bureau of Statistics of China.
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TABLE 3 Industrial influence coefficient and ranking of 21 sectors in Xizang.

Sector (Code) Influence
coefficient (FC)

Rank Rate of change

2012 2017 2012 2017

Agriculture, forestry, and fishery (A) 0.772 0.796 18 19 3.16%

Mining (B) 0.965 0.866 12 16 −10.26%

Light industry (C) 1.116 1.123 5 4 0.65%

Materials industry (D) 0.917 1.122 14 5 22.39%

Mechanical engineering industry (E) 1.382 1.331 2 1 −3.67%

Electricity, gas and water production and supply 1.694 1.117 1 6 −34.06%

Construction (G) 1.241 1.282 3 2 3.27%

Wholesale and retail (H) 0.997 1.073 11 9 7.55%

Transport, warehousing, and postal services 1.157 1.240 4 3 7.18%

Accommodation and food service (J) 1.048 1.0571 8 10 0.88%

Information software and technology services 1.021 1.098 9 8 7.55%

Finance (L) 1.011 1.042 10 11 3.11%

Real estate (M) 0.843 0.826 15 17 −1.99%

Leasing and business services (N) 0.799 0.807 17 18 1.06%

Scientific research and technology services 0.725 0.881 19 15 21.52%

Water, environmental and public facilities management (P) 0.940 0.898 13 14 −4.47%

Residential services, repair and other services (Q) 1.097 1.020 6 12 −7.00%

Education (R) 0.712 0.740 20 20 3.85%

Health and social work (S) 0.667 0.675 21 21 1.18%

Culture, sports and entertainment (T) 1.082 1.105 7 7 2.11%

Public administration, social security and organizations (U) 0.816 0.902 16 13 10.58%

Note: Data are derived from the input–output tables for Xizang (2012 and 2017), published by the National Bureau of Statistics of China.

FIGURE 4
Comparison of influence coefficient (FC) across 21 sectors in 2012 and 2017. Sectors are labeled A-U as follows: A (Agriculture, Forestry, and Fishery),
B (Mining), C (Light Industry), D (Materials Industry), E (Mechanical Engineering), F (Electricity, Gas, andWater), G (Construction), H (Wholesale and Retail), I
(Transport, Warehousing, and Postal Services), J (Accommodation and Food Services), K (Information Software and Technology), L (Finance), M (Real
Estate), N (Leasing and Business Services), O (Scientific Research and Technology), P (Water, Environmental, and Public Facilities), Q (Residential
Services, Repair andOther Services), R (Education), S (Health and Social Work), T (Culture, Sports, and Entertainment), and U (Public Administration, Social
Security, and Organizations).
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FIGURE 5
Comparison of sensitivity coefficient (EC) across 21 sectors in 2012 and 2017. Sectors are labeled A-U as follows: A (Agriculture, Forestry, and
Fishery), B (Mining), C (Light Industry), D (Materials Industry), E (Mechanical Engineering), F (Electricity, Gas, andWater), G (Construction), H (Wholesale and
Retail), I (Transport, Warehousing, and Postal Services), J (Accommodation and Food Services), K (Information Software and Technology), L (Finance), M
(Real Estate), N (Leasing and Business Services), O (Scientific Research and Technology), P (Water, Environmental, and Public Facilities), Q
(Residential Services, Repair and Other Services), R (Education), S (Health and Social Work), T (Culture, Sports, and Entertainment), and U (Public
Administration, Social Security, and Organizations).

TABLE 4 Sensitivity coefficient and ranking results of 21 sectors in Xizang.

Sector (code) Sensitivity coefficient Rank Rate of change

2012 2017 2012 2017

Agriculture, forestry, and fishery (A) 1.413 1.1142 3 9 −21.17%

Mining (B) 1.031 1.366 9 5 32.43%

Light industry (C) 1.399 1.378 4 4 −1.50%

Materials industry (D) 2.670 2.424 1 1 −9.18%

Mechanical engineering industry (E) 1.558 1.794 2 3 15.16%

Electricity, gas and water production and supply (F) 1.062 1.880 8 2 77.10%

Construction (G) 0.788 0.644 12 14 −18.23%

Wholesale and retail (H) 0.670 0.565 15 18 −15.66%

Transport, warehousing, and postal services (I) 1.338 1.264 5 6 −5.50%

Accommodation and food service (J) 1.007 0.671 10 12 −33.34%

Information software and technology services (K) 0.855 0.739 11 11 −13.56%

Finance (L) 1.256 1.156 6 7 −7.96%

Real estate (M) 0.728 0.877 14 10 20.50%

Leasing and business services (N) 1.214 1.130 7 8 −6.97%

Scientific research and technology services (O) 0.528 0.546 19 19 3.42%

Water, environmental and public facilities management (P) 0.522 0.513 20 20 −1.78%

Residential services, repair and other services (Q) 0.754 0.648 13 13 −14.07%

Education (R) 0.603 0.576 16 17 −4.49%

Health and social work (S) 0.513 0.502 21 21 −2.18%

Culture, sports and entertainment (T) 0.556 0.627 17 15 12.74%

Public administration, social security and organizations (U) 0.536 0.586 18 16 9.33%

Frontiers in Environmental Science frontiersin.org09

Hu et al. 10.3389/fenvs.2025.1625519

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1625519


serve as foundational sectors for resource security and social stability
in Xizang. In particular, livestock husbandry underpins rural
livelihoods and welfare. These sectors demonstrate strong

resistance due to their long-standing integration into local
systems. However, high resource dependency and ecological
sensitivity weaken their recovery and transformation capacities.

FIGURE 6
Trends in Xizang’s industrial structure across different periods. Sectors are coded as A-U, with prime symbols (e.g., A′) representing values from the
later period. Specifically: A/A′ = Agriculture, forestry, and fishery; B/B′ = Mining; C/C′ = Light industry; D/D′ = Materials industry; E/E′ = Mechanical
engineering industry; F/F′=Electricity, gas andwater production and supply; G/G′=Construction; Wholesale and retail (H); I/I′= Transport, warehousing,
and postal services; J/J′ = Accommodation and food service; K/K′ = Information software and technology services; L/L′ = Finance; M/M′ = Real
estate; N/N′ = Leasing and business services; O/O′ = Scientific research and technology services; P/P′ = Water, environmental and public facilities
management; Q/Q′ = Residential services, repair and other services; R/R′ = Education; S/S′ = Health and social work; T/T′ = Culture, sports and
entertainment; and U/U′ = Public administration, social security and organizations.

TABLE 5 Sectoral linkage types and resilience characteristics in Xizang.

Quadrant Sector type and representative
sectors

Resilience features Policy implications

Quadrant I: (FC > 1,
EC > 1)

Core sectors: Strong pull and strong push • High transformation potential Stabilize core sectors, promote green
upgrading and tech innovation

e.g., Light industry (C), Materials industry (D),
Mechanical Engineering (E), Finance (L), etc.

• Central to the system but exposed to
high systemic risk.

• Moderate resistance, limited recovery
(low-tech reliance)

Quadrant II: (FC < 1,
EC > 1)

Bottleneck sectors: Weak pull but strong push • Strong resistance (ecological buffer) Improve resource efficiency, promote green
technologies, increase value-added

e.g., Agriculture, forestry, and fishery (A), mining (B),
Leasing and business services (N), etc.

• Recovery and transformation
constrained by environment and policy

Quadrant III: (FC < 1,
EC < 1)

Marginal sectors: Weak pull and weak push • Low systemic risk (stable resistance) Encourage specialization, cross-sector
integration, social innovation

e.g., Real estate (M), Education (R), Scientific research
(O), etc.

• Weak recovery and transformation
capacity

Quadrant IV: (FC > 1,
EC < 1)

Demand-driven sectors: Strong pull but weak push • Fast recovery via market demand Diversify tourism offerings, upgrade modern
service sectors

e.g., Construction (G), Wholesale and retail (H),
Culture, sports and entertainment (T), etc.

• Vulnerable to climate/market shocks

• Moderate transformation capacity
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Improving resource use efficiency through smart agriculture and
green mining, alongside cross-sector collaboration to upgrade
agricultural value chains, can help strengthen both adaptability
and resilience.

In 2017, Quadrant III (FC < 1, EC < 1) included six tertiary
sectors: “real estate (M),” “scientific research (O),” “water and
environmental management (P),” “education (R),” “health and
social services (S),” and “public administration (U).”
Characterized by weak pull and push effects, these sectors were
typically underdeveloped or marginally integrated into the
economic system. Their intersectoral influence remained low
during the study period, with only modest FC increases in public
service sectors under policy support. From a resilience perspective,
these service-oriented sectors showed stable resistance, but their
limited economic linkages constrained both recovery and
transformation potential. Targeted policy support encouraging
specialized development and social innovation—particularly in
education and research—could enhance their systemic
connectivity and long-term resilience.

In 2017, Quadrant IV (FC > 1, EC < 1) primarily included
tourism-related sectors such as “construction (G),” “wholesale and
retail (H),” “accommodation and food service (J),” “information
software and technology services (K),” “residential services, repair
and other services (Q).” These sectors exhibited strong pull but weak
push effects, with rising FC values reflecting dominance of a low-
value, seasonally driven tourism pattern. From a resilience
perspective, their market orientation supports high recovery
capacity. However, overdependence on seasonal tourism
undermines resistance and heightens vulnerability. Despite
abundant tourism resources, the tertiary sector has yet to fully
convert these advantages into sustained economic benefits.
Enhancing resilience in these sectors calls for a shift toward year-
round tourism, service diversification, and industrial upgrading.

4 Conclusion and discussions

Achieving sustainability is key to balancing socioeconomic
improvement and environmental conservation in cities and
regions. By analyzing Xizang’s industrial structure and its
evolution over the past decade, we quantified the relationships
and changing trends among industries. These were assessed in
terms of output variation, sectoral relevance, and ripple effects.
Furthermore, by employing a resilience-based four-quadrant model,
it identified sector-specific differences in resistance, recovery, and
transformation potential, offering theoretical guidance for
formulating more targeted policies to support high-quality and
sustainable development.

Xizang has experienced notable economic growth in recent years;
however, its industrial linkages remain weak, and the overall quality of
development is suboptimal. Although the tertiary industry’s share
increased significantly from 2012 to 2017, modern service sectors
have not been effectively integrated with agriculture and
manufacturing, contributing to rising environmental pressures.
Meanwhile, the intermediate input coefficient in the secondary
industry rose by 23.9%, reaching an average of 62.1%, with sectors
like construction exceeding 70% yet delivering limited profitability.
These trends indicate inefficiencies in resource utilization and structural

imbalances across sectors. To address these challenges, stronger sectoral
synergies should be fostered through technological innovation and
targeted policy interventions.

To enhance the resilience of Xizang’s industrial system, policies
should be tailored. Priority should be given to sectors in Quadrant I
to accelerate green transformation. These sectors serve as the
backbone of the industrial system with high systemic
embeddedness and strong spillover effects. Disruptions in these
sectors may cause cascading impacts across value chains. Although
they exhibit strong resistance, their recovery and transformation
capacities are limited due to resource dependence and weak
technological foundations. Accelerated green upgrading,
supported by strategic investment in clean energy and green
finance, is critical to reducing systemic risk and enhancing long-
term sustainability. Recent efforts to extend traditional value
chains—such as Tibetan medicine and natural mineral
water—and to attract digital economy leaders like Huawei and
Alibaba highlight Xizang’s growing momentum in industrial
upgrading. Major initiatives launched in Lhasa (the capital of
Xizang) further demonstrate this momentum.

Secondly, policy efforts should enhance the ecological
adaptability and value generation of Quadrant II sectors, notably
agriculture and mining. While these sectors are vital for resource
security and livelihood stability, their recovery and transformation
are constrained by resource dependence and weak innovation.
Targeted promotion of smart agriculture and green mining
technologies can improve resource efficiency and resilience. In
regions such as Shigatse and Shannan, two cities in Xizang,
agricultural data platforms and smart livestock systems have
improved resource use and disaster response, illustrating a viable
pathway for transitioning highland agriculture toward eco-efficient
and high-value development.

Third, policy should be given to enhancing the functionality and
innovation capacity of public services and infrastructure in Quadrant
III. Although sectors such as education and healthcare exhibit low
economic connectivity and limited driving capacity, they are vital for
long-term societal stability due to their strong resistance and
institutional support. These sectors should be supported through
targeted fiscal investment and policy incentives to improve service
quality and foster innovation. For instance, recent efforts in Xizang have
significantly expanded transportation, water infrastructure, and cultural
service networks, improving service accessibility in remote areas and
strengthening systemic connectivity and resilience.

Finally, strengthening the resilience of tourism-related sectors in
Quadrant IV is essential. As a leading driver of Xizang’s economic
transformation, the tourism industry offers strong spillover and
employment benefits but remains vulnerable due to its reliance on
seasonal demand. Policy efforts should focus on advancing all-
season development and full-chain integration, fostering deeper
linkages with agriculture, wellness, and education. Recent
initiatives such as “Winter Tour in Xizang” have facilitated a
shift from traditional sightseeing to diversified tourism. This shift
has laid the groundwork for cross-industry synergies, thereby
reinforcing the integrated resilience of Xizang’s economy.

In general, balancing industrial growth with environment
protection is crucial for Xizang’s future resilient development. A
differentiated and prioritized approach to resilience building is
essential. Sectors in Quadrant I should be prioritized due to
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their central role and systemic risk. Quadrant IV, particularly
tourism, follows as an emerging growth engine despite seasonal
vulnerability. Quadrant II requires steady support for ecological
and livelihood stability. Quadrant III can be addressed over the
longer term, focusing on social innovation and infrastructure. A
coordinated policy framework across quadrants can support both
economic efficiency and environmental sustainability in Xizang’s
development trajectory.
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