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Abstract
Accelerating the transition from traditional solid energy to clean energy is an
inevitable choice for rural areas in ecologically fragile zones to cope with cli-
mate change, strengthen environmental governance, and promote sustainable
development across regions. However, in the process of passively participating
in clean energy reform policies, farm households in the ecologically fragile areas
of Northwest China, as groups with relatively low economic levels, generally ex-
hibit a vulnerable pattern of modern clean energy equipment being “converted
but not used,”“basically not used,”or “used at a low level.”To address this,
adopting a reverse-thinking perspective on energy transition, this study con-
ducted field surveys of 2,002 rural households in 180 villages across 13 counties
(districts) in Shaanxi, Gansu, Ningxia, and Qinghai. An“exposure–sensitivity–
adaptive capacity”model was constructed to comprehensively assess the vul-
nerability of rural households’use of clean energy, and a multivariate Logit
regression model was employed to analyze the influencing factors of vulnerabil-
ity from three dimensions:“economy–society–household.”The results show that:
(1) The proportions of rural households in ecologically fragile areas of Northwest
China with low, medium, and high levels of vulnerability in their use of clean
energy are 26.12%, 46.55%, and 27.33%, respectively, with significant spatial
heterogeneity in vulnerability. (2) Factors such as cultivated land area, energy
subsidy policies, social networks, age, livelihood type, and household size all
have significant impacts on vulnerability. (3) The effects of influencing factors
on vulnerability differ across ecologically fragile zones. Accordingly, the govern-
ment should, based on the vulnerability characteristics of rural households’use
of clean energy in different ecologically fragile areas and grounded in local reali-
ties, implement differentiated energy subsidy policies and promotion models to
consolidate the achievements of clean energy reform policies.
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Abstract: Accelerating the transition from traditional solid-fuel energy to clean
energy is an inevitable choice for rural areas in ecologically fragile regions to cope
with climate change, strengthen environmental governance, and promote inter-
regional sustainable development. However, under passive participation in clean
energy reform policies, rural households in ecologically fragile areas of northwest
China, which generally have relatively low economic capacity, often exhibit vul-
nerability phenomena, whereby modern clean energy equipment is “modified
but not used,”“basically not used,”or “used at a low level.”To address this
issue, we adopted a reverse energy-transition perspective and conducted field
research in 13 counties (districts), covering 2002 rural households across 180
villages in Shaanxi, Gansu, Ningxia, and Qinghai regions of China, and estab-
lished an “exposure-sensitivity-adaptability”model to comprehensively assess
the vulnerability of rural households to clean energy use. In addition, a multiple
Logit model was used to analyze the influencing factors of vulnerability across
three levels: economy, society, and household. The results show that (1) The
proportions of rural households in the ecologically fragile areas of northwest
China with low, medium, and high vulnerability to clean energy use are 26.12%,
46.55%, and 27.33%, respectively, and there is significant spatial heterogeneity
in vulnerability. (2) Factors such as cultivated land area, energy subsidy policies,
social networks, age, livelihood type, and household size significantly influence
vulnerability. (3) The effects of influencing factors vary across different ecolog-
ically fragile regions. Therefore, based on the vulnerability characteristics of
clean energy use among rural households in different ecologically fragile areas,
the government should implement differentiated, region-specific energy subsidy
policies and promotion strategies according to local conditions to consolidate
the achievements of clean energy reform policies.

Keywords: rural households; sustained use of clean energy; vulnerability;
“exposure-sensitivity-adaptability”model; ecologically fragile areas; northwest
China
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1 Introduction
Household energy use is closely linked to environmental quality and green-
house gas emissions, and the extensive use of traditional energy causes tremen-
dous damage to the environment and ecology. Currently, rural areas in China
have basically achieved full coverage of power supply to natural villages within
electricity-accessible areas, gradually realizing “energy accessibility,”with sig-
nificant improvements in energy efficiency and structure. However, due to the
ease of collecting traditional solid fuels such as crop straw, firewood, and cat-
tle manure, coupled with difficulty abandoning traditional energy consumption
patterns and habits, many households exhibit phenomena where modern energy
equipment is “modified but not used,”“basically not used,”or “used at a low
level.”The overall situation of clean energy use is not optimistic. Today, China’
s rural household energy transition faces the problem of reverting to solid fuel
use, with approximately 27% of households abandoning energy transition and
instead using solid fuel for cooking and heating. In northwest China, the av-
erage proportion of coal and firewood co-firing among rural households reaches
54.68%, and some households with poor economic conditions even directly revert
to using firewood for heating.

In northwest ecologically fragile areas, resource and environmental efficiency re-
mains within a low-efficiency range, and vulnerability events in energy use can
plunge these regions into a“vulnerability trap”of“sensitive ecological environ-
ment → vulnerable energy transition → inefficient energy use → more sensitive
ecological environment.”Therefore, to ensure the sustained and stable use of
clean energy by rural households in northwest ecologically fragile areas and con-
solidate the achievements of government energy transition policies, conducting
vulnerability analysis of clean energy use is particularly necessary to clarify how
to design clean energy demand strategies for northwest ecologically fragile areas
and block the risk of reverting to traditional fuel use.

In recent years, research on rural household energy transition has received signif-
icant academic attention. Studies show that household energy transition is in-
fluenced not only by explicit factors such as resource endowment, energy policy,
and energy prices, but also by implicit factors such as family structure, economic
income, and psychological cognition. However, existing research has neglected
the vulnerability scenarios where rural households are easily disturbed by exter-
nal factors and undergo degenerative succession in energy transition. The im-
pact pathways and magnitudes of different factors on energy transition remain
unclear, especially in northwest China’s ecologically fragile areas, which exhibit
significant“energy transition vulnerability.”The magnitude of disturbance from
multidimensional factors on household energy transition degenerative succession
has not been clarified. Moreover, due to substantial differences in climate condi-
tions, economic conditions, rural population, and living habits across northwest
regions, energy transition promotion cannot simply copy schemes from key ar-
eas, and there is an urgent need to promote sustained clean energy use by rural
households according to local conditions.
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Given this context, this study takes 2002 rural households in northwest China’s
ecologically fragile areas as survey samples and conducts multi-regional random
sampling surveys. Based on the Intergovernmental Panel on Climate Change
(IPCC) vulnerability conceptual framework and existing vulnerability research,
and grounded in the reality of northwest ecologically fragile areas, we construct
a vulnerability assessment indicator system involving multidimensional factors
such as natural conditions, economic development, and household characteris-
tics. Using the “exposure-sensitivity-adaptability”model, we quantify the vul-
nerability degree of rural households’clean energy use in northwest ecologically
fragile areas and analyze the effects of vulnerability influencing factors from
three levels: economy, society, and household. Simultaneously, through the
above methods, we conduct regional heterogeneity analysis on rural households
in three sub-ecologically fragile areas to reveal the vulnerability characteristics
and differences in influencing factor effects across different ecologically fragile
areas in northwest China. This study can enrich theoretical understanding of
rural household energy transition and guide policymakers to design interven-
tion measures for sustained rural household energy transition according to local
conditions, thereby reducing vulnerability risks in clean energy use.

1.1 Study Area Overview

Northwest ecologically fragile areas are among the most ecologically vulnerable
regions in China. Referring to China’s climate zoning and the“Outline of Na-
tional Ecologically Fragile Area Protection Plan,”we selected typical villages in
the Loess Plateau ecologically fragile area (Yulin City, Shaanxi Province; Dingxi
City, Gansu Province), desert ecologically fragile area (Yinchuan City, Ningxia
Hui Autonomous Region), and Qinghai-Tibet Plateau ecologically fragile area
(Xining City and Haibei Tibetan Autonomous Prefecture, Qinghai Province) as
study areas, covering 13 counties (districts) and 180 villages (Fig. 1).

1.2 Data Sources

This study constructs a systematic data collection system focusing on rural
household vulnerability in clean energy use. First, in 2022, the research team
conducted pilot surveys in northwest rural areas to systematically obtain rel-
evant data on rural household energy use behavior. Then, through literature
review and expert interviews, key indicators for assessing vulnerability of rural
household clean energy use were identified. Based on literature analysis and pi-
lot survey results, a survey questionnaire was designed, and after comprehensive
pre-testing and revision, formal survey data were obtained.

The survey was conducted through field visits and household interviews with
farmers in the study area to deeply understand their clean energy use behavior
and sustained use willingness, identify and extract key influencing factors of vul-
nerability in rural household clean energy use, and recover 2088 questionnaires.
After screening and removing invalid samples, 2002 valid samples were obtained,
with a questionnaire effectiveness rate of 95.88%. The survey questionnaire con-
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sists of three parts: the first part covers basic information about respondents,
including demographic characteristics (age, education level, gender, livelihood
type) and household characteristics (permanent household population, number
of Party members, income, cultivated land area, and housing area). The sec-
ond part addresses vulnerability in clean energy use, which mainly constitutes
the vulnerability assessment indicator system for this study, including respon-
dents’perceptions of clean energy ease-of-use, price perception, psychological
cost, ecological value, personal norms, and energy subsidy satisfaction.

1.3 Methodology

1.3.1 Construction of Vulnerability Assessment Indicator System As
a complex system, rural household energy use vulnerability is influenced by mul-
tidimensional factors including economy, society, and household characteristics.
Therefore, based on the definition of vulnerability, this study conceptualizes ru-
ral household clean energy use vulnerability as three interrelated dimensions: ex-
posure, sensitivity, and adaptability, forming a vulnerability assessment model.
Using the multi-objective hierarchical analysis method, 21 indicators were se-
lected to construct the vulnerability assessment indicator system for rural house-
hold clean energy use in northwest ecologically fragile areas (Table 1).

Exposure characterizes the features and degree of external risks faced by ru-
ral households when using clean energy. Relevant studies show that due to
high clean energy acquisition costs and low energy accessibility, rural house-
holds in northwest regions rely heavily on and widely use solid fuels such as
coal and biomass, leading to significant regional exposure differences. Climate
change exacerbates energy acquisition difficulties, thereby increasing exposure
risks for those dependent on inefficient energy sources. Additionally, in north-
west ecologically fragile areas, scattered rural settlements and complex pipeline
laying, management, and operation and maintenance issues cause differences
in energy endowments that significantly affect rural household clean energy
use. Therefore, this study measures exposure through heating cost increase, en-
ergy accessibility, and natural environment dimensions. Natural environment is
measured using local temperature-humidity index and vegetation coverage, with
data sourced from the National Meteorological Information Center and regional
statistical yearbooks. The temperature-humidity index is calculated as follows:

𝑇 𝐻𝐼 = 𝑇 − 0.55 × (1 − 𝑓) × (𝑇 − 58)

where 𝑇 𝐻𝐼 is the temperature-humidity index; 𝑇 is the monthly average tem-
perature (°F); and 𝑓 is the monthly average relative humidity.

Sensitivity measures the degree to which rural households are sensitive to en-
ergy reform risks during clean energy use. Farmers’insufficient understanding of
clean energy can lead to resistance due to technical complexity, resulting in low
sensitivity thresholds. Studies show that household income significantly affects
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per capita energy consumption, and according to the energy ladder hypothesis
and planned behavior theory, residents with poor economic conditions tend to
choose low-cost energy. Additionally, perceived behavioral control affects rural
household energy use behavior, and given the strong dependence on traditional
energy in the study area, psychological costs can exacerbate sensitivity to clean
energy use. Therefore, this study measures sensitivity through four dimensions:
cognitive level, economic level, price perception, and psychological cost. Cogni-
tive level is related to education level and livelihood type; economic level can be
reflected through annual household income, cultivated land area, and housing
area.

Adaptability reflects the ability of rural households to resist risk disturbances.
The risk resistance capacity of rural households using clean energy results from
the synergistic effect of external support and self-cognition. Effective interven-
tion strategies can reduce vulnerability in rural household clean energy use and
are key to promoting energy transition. Moreover, when government support
is relatively weak, ecological value and personal norms can play a role in rural
household clean energy use. Additionally, energy reform awareness is positively
correlated with willingness to change behavior, and farmers with positive envi-
ronmental attitudes are more inclined to continuously use clean energy. There-
fore, this study constructs adaptability indicators from three levels: ecological
value, personal norms, and policy satisfaction. Relevant assignments for rural
household clean energy use perception and satisfaction adopt a five-level Likert
scale design.

1.3.2 Vulnerability Assessment Model

1) Standardization of assessment indicators
For positive indicators:

𝑋′
𝑖𝑗 = 𝑋𝑖𝑗 − min(𝑋𝑗)

max(𝑋𝑗) − min(𝑋𝑗)

For negative indicators:

𝑋′
𝑖𝑗 = max(𝑋𝑗) − 𝑋𝑖𝑗

max(𝑋𝑗) − min(𝑋𝑗)

where 𝑋𝑖𝑗 and 𝑋′
𝑖𝑗 are the original and standardized values of indicator

𝑗 for household 𝑖, respectively; max(𝑋𝑗) and min(𝑋𝑗) are the maximum
and minimum values of indicator 𝑗, respectively.

2) Entropy weight method for calculating indicator weights
The entropy weight method objectively determines weights based on in-
formation entropy. The calculation formula is as follows:
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𝑃𝑖𝑗 = 𝑋′
𝑖𝑗

∑𝑛
𝑖=1 𝑋′

𝑖𝑗

𝐸𝑗 = − 1
ln 𝑛

𝑛
∑
𝑖=1

𝑃𝑖𝑗 ln 𝑃𝑖𝑗

𝑤𝑗 = 1 − 𝐸𝑗
∑𝑚

𝑗=1(1 − 𝐸𝑗)

where 𝑃𝑖𝑗 is the proportion of household 𝑖’s value for indicator 𝑗 to the
total value of that indicator; 𝐸𝑗 is the entropy weight of indicator 𝑗; and
𝑤𝑗 is the weight of indicator 𝑗.

3) Measuring vulnerability based on the “exposure-sensitivity-
adaptability”relationship
Following IPCC’s definition of vulnerability, this study uses the following
equation to measure rural household clean energy use vulnerability:

𝐸𝐼 =
𝑛

∑
𝑖=1

𝑋′
𝑖𝑗𝑤𝑗

𝑆𝐼 =
𝑛

∑
𝑖=1

𝑋′
𝑖𝑗𝑤𝑗

𝐴𝐼 =
𝑛

∑
𝑖=1

𝑋′
𝑖𝑗𝑤𝑗

𝑉 𝐼 = 𝐸𝐼 + 𝑆𝐼 − 𝐴𝐼

where 𝐸𝐼 , 𝑆𝐼 , and 𝐴𝐼 are exposure, sensitivity, and adaptability indices,
respectively; and 𝑉 𝐼 is the vulnerability index of rural household clean
energy use.

1.3.3 Influencing Factor Analysis Model Vulnerability in rural household
clean energy use results from multiple superimposed factors. Therefore, this
study constructs a multiple ordered Logit regression model for factor analysis.
First, K-means cluster analysis is used to classify rural household clean energy
use vulnerability into three levels—low, medium, and high—assigned values of 1,
2, and 3, respectively, serving as the dependent variable. Second, based on the
vulnerability analysis framework, independent variables are selected from three
levels: economy, society, and household. Economic level includes household
income and cultivated land area; social level includes energy subsidy policies
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and social networks; and household level includes gender, age, livelihood type,
education level, number of Party members, and household size (Table 2).

The multiple ordered Logit model is set as follows:

logit(𝑃 (𝑦 ≤ 𝑗)) = 𝛼𝑗 +
10

∑
𝑡=1

𝛽𝑡𝑋𝑡

where 𝑦 is the dependent variable; 𝑃(𝑦 ≤ 𝑗) is the cumulative probability of
households having low or medium vulnerability; 𝑋 is the set of all independent
variables; 𝛼𝑗 is the intercept term; 𝑋𝑡 is the 𝑡-th independent variable; and 𝛽𝑡
is the partial regression coefficient of the 𝑡-th independent variable.

2 Results and Analysis
2.1 Vulnerability Characteristics of Rural Household Clean Energy
Use

2.1.1 Full-sample Vulnerability Characteristics The vulnerability index
of rural household clean energy use in northwest China’s ecologically fragile areas
ranges from -0.068 to 0.392. The exposure index ranges from 0.058 to 0.206, with
76.0% of households at medium-high levels; the sensitivity index ranges from
0.014 to 0.206, with 68.9% at medium-high levels; and the adaptability index
ranges from 0.012 to 0.310, with 75.8% at medium-low levels. The proportions
of rural households with low, medium, and high vulnerability to clean energy
use are 26.12%, 46.55%, and 27.33%, respectively, showing a “middle-large,
two-ends-small”distribution (Table 3). Households with vulnerability indices
less than 0 indicate no clean energy use vulnerability, accounting for 37.1% of
the sample, concentrated in the Loess Plateau ecologically fragile area (62.9%)
and desert ecologically fragile area (37.1%), while no negative values appear
in the Qinghai-Tibet Plateau ecologically fragile area, indicating weaker risk
resistance capacity among households there. The sensitivity index mean of the
no-vulnerability household group is 0.014, significantly lower than the regional
overall level (0.103); the adaptability index mean reaches 0.310, higher than the
regional mean (0.149), with 96.3% at high adaptability levels.

2.1.2 Spatial Distribution Characteristics of Village-level Vulnera-
bility Assessment of village-level vulnerability shows that villages with high
vulnerability and high sensitivity are mainly distributed in the Qinghai-Tibet
Plateau ecologically fragile area (village numbers 140–180), while villages with
high exposure and high adaptability are mainly distributed in the Loess Plateau
ecologically fragile area (village numbers 1–92). High exposure and high sen-
sitivity villages show higher spatial agglomeration characteristics, while high
adaptability villages are more geographically dispersed, indicating that villages
in different ecologically fragile areas face different pressures from energy transi-
tion.
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2.1.3 Vulnerability Characteristics Across Different Ecologically Frag-
ile Areas Calculations of exposure, sensitivity, adaptability, and vulnerability
indices for rural households across three sub-ecologically fragile areas in north-
west China show that the Qinghai-Tibet Plateau ecologically fragile area has
the highest overall vulnerability, followed by the desert ecologically fragile area,
with the Loess Plateau ecologically fragile area having the lowest (Table 4).
Different ecologically fragile areas face different challenges in energy transition,
with variations in exposure, sensitivity, adaptability, and vulnerability. The
Loess Plateau ecologically fragile area has the highest exposure (Fig. 3), con-
sistent with its harsh geographical environment, high terrain, and scattered
settlements that hinder natural gas pipeline laying. The Qinghai-Tibet Plateau
ecologically fragile area has the highest sensitivity, with 54.68% of households in
the region showing medium-high vulnerability. According to the survey, 73.88%
of households find it difficult to change traditional energy use habits, have high
dependence on traditional energy, weak economic foundations, and high psycho-
logical and price perception costs, thus exhibiting high sensitivity. The desert
ecologically fragile area has the lowest adaptability (Fig. 3), with 34.30% of
households dissatisfied with energy subsidy policies, relatively low family eco-
nomic levels, generally poor housing insulation, and ineffective clean heating,
leading some households to “revert to coal”or “revert to firewood.”

2.2 Analysis of Influencing Factors

2.2.1 Feasibility Tests Multicollinearity tests for each regional sample show
that all indicator tolerances are much greater than 0.1 and variance inflation fac-
tors (VIF) are less than 10, indicating no multicollinearity among independent
variables. Parallel line tests further show that all P-values are >0.05, passing
the parallelism test. Therefore, the multiple ordered Logit regression method is
applicable.

2.2.2 Regression Results Analysis

1) Analysis of influencing factor effects across the entire region
Analysis of factors influencing rural household clean energy use vulnera-
bility in northwest ecologically fragile areas shows that at the economic
level, household income has no significant effect on vulnerability, while
cultivated land area (𝑥2) has a significant negative effect—more cultivated
land reduces the probability of high vulnerability. For northwest ecologi-
cally fragile area households whose income mainly depends on agriculture,
more cultivated land enhances household risk resistance capacity, thereby
reducing clean energy use vulnerability. At the social level, energy subsidy
policies (𝑥3) negatively affect vulnerability, while social networks (𝑥4) pos-
itively affect vulnerability. At the household level, age (𝑥6) and household
size (𝑥10) significantly positively affect vulnerability, while livelihood type
(𝑥5) significantly negatively affects vulnerability (Table 5).

2) Analysis of influencing factor effects across different ecologically
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fragile areas
Further regression analysis for three sub-ecologically fragile areas shows
that cultivated land area (𝑥2), social networks (𝑥4), and age (𝑥6) signif-
icantly affect vulnerability across all three areas. Cultivated land area
negatively affects vulnerability—larger cultivated land area reduces vul-
nerability. Social networks (𝑥4) and age (𝑥6) positively affect vulnerabil-
ity—greater influence from social networks and older farmer age increase
vulnerability. These results reveal commonalities in factors affecting vul-
nerability across different ecologically fragile areas.

However, due to differences in energy endowments, household livelihoods,
and living habits, the significance of influencing factors varies across eco-
logically fragile areas. Specifically, at the economic level, household in-
come (𝑥1) only significantly affects clean energy use in the Qinghai-Tibet
Plateau ecologically fragile area. At the social level, energy subsidy poli-
cies (𝑥3) only significantly affect the Loess Plateau and Qinghai-Tibet
Plateau ecologically fragile areas, with no significant effect on the desert
ecologically fragile area. At the household level, livelihood type (𝑥5) only
significantly affects the Loess Plateau and Qinghai-Tibet Plateau ecologi-
cally fragile areas, education level (𝑥7) only significantly affects the desert
ecologically fragile area, and household size (𝑥10) only significantly affects
the Qinghai-Tibet Plateau ecologically fragile area (Table 5). These dif-
ferences indicate that variations in economic and socio-cultural conditions
lead to significant differentiation in vulnerability formation mechanisms
across ecologically fragile areas, providing a basis for formulating region-
ally targeted energy transition policies.

2.3 Robustness Tests

To verify the accuracy of the above regression results, this study employs two
methods for robustness testing. First, replace the independent variable: re-
estimate by replacing cultivated land area with housing area at the economic
level. Second, exclude high-vulnerability household samples and re-estimate us-
ing medium-low vulnerability samples. Comprehensive results from both meth-
ods show no significant changes in regression coefficients, signs, or significance
levels, proving the robustness and reliability of previous estimates (Table 6).

3 Discussion
Against the backdrop of significant challenges in China’s rural clean energy
transition, northwest ecologically fragile areas, as important ecologically vul-
nerable regions in China, hold strategic positions in resources, environment,
and ecology. Existing research mostly focuses on identifying multidimensional
factors of household energy transition but neglects the vulnerability attribute
of household energy transition. Therefore, this study adopts a reverse energy-
transition perspective, integrating behavioral and geographical sciences, and
based on the analytical framework of “vulnerability factor identification →
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vulnerability assessment,”uses the“exposure-sensitivity-adaptability”model to
calculate that 73.88% of rural households in northwest ecologically fragile areas
have medium-high vulnerability in clean energy use, which aligns with existing
research conclusions.

From the spatial pattern of rural household clean energy use vulnerability, both
village-level and ecologically fragile area-level analyses show obvious spatial het-
erogeneity, with different villages and ecologically fragile areas facing different
pressures from energy transition, requiring differentiated energy transition poli-
cies.

Analyzing influencing factors from economy, society, and household levels re-
veals differences from existing research. While previous studies consider eco-
nomic level as a main factor affecting household energy strategies, this study’
s detailed analysis of household income and cultivated land area shows that
household income only significantly affects vulnerability in the Qinghai-Tibet
Plateau ecologically fragile area, while cultivated land area significantly affects
the entire study area. This indicates that for rural households in northwest
ecologically fragile areas, cultivated land area is directly linked to agricultural
output and economic level. Additionally, scarcity of cultivated land resources
triggers rural out-migration, leaving behind an aging population that, based
on economic rationality and consumption habits, exhibits high vulnerability in
clean energy use.

At the social level, literature shows that policy support is key to energy tran-
sition, and stronger farmer conformity psychology increases susceptibility to
group pressure, which this study confirms. At the household level, age and
household size significantly positively affect vulnerability.

Analyzing vulnerability characteristics and influencing factor effects across dif-
ferent ecologically fragile areas deepens theoretical understanding of the driving
mechanisms of household energy transition in northwest ecologically fragile ar-
eas, provides empirical evidence for formulating differentiated energy subsidy
policies and promotion models, and offers important practical guidance for re-
ducing vulnerability risks in household energy use and promoting regional energy
structure optimization. Accordingly, when formulating energy transition poli-
cies for northwest ecologically fragile areas, the government should integrate
farmer willingness and geographical characteristics, and design vulnerability
reduction models based on local vulnerability characteristics and influencing
factors (Fig. 5). Specifically, the Loess Plateau ecologically fragile area can
broaden local employment channels and coordinate with energy subsidy poli-
cies. The desert ecologically fragile area can consider local farmers’education
levels to build localized publicity systems through activities like“energy classes”
in villages to guide active participation in energy transition. The Qinghai-Tibet
Plateau ecologically fragile area can implement graded and targeted subsidies
based on household economic capacity and size, and expand the scope of energy
subsidies. Additionally, all regional energy transition policies should consider
local cultivated land area, degree of social network influence, and age of perma-
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nent residents.

4 Conclusion
This study employs the “exposure-sensitivity-adaptability”model to calculate
that vulnerability in rural household clean energy use is widespread in north-
west China’s ecologically fragile areas. The proportions of low, medium, and
high vulnerability are 26.12%, 46.55%, and 27.33%, respectively. Vulnerability
shows a geographical distribution pattern of being highest in the Qinghai-Tibet
Plateau ecologically fragile area, followed by the desert ecologically fragile area,
and lowest in the Loess Plateau ecologically fragile area. Villages in different
ecologically fragile areas face different vulnerability risks from energy transi-
tion: villages in the Qinghai-Tibet Plateau ecologically fragile area mostly ex-
hibit high vulnerability and high sensitivity, while villages in the Loess Plateau
ecologically fragile area mostly show high exposure and high adaptability.

Analysis of influencing factors reveals that at the economic level, cultivated
land area significantly negatively affects vulnerability; at the social level, en-
ergy subsidy policies and social networks significantly negatively and positively
affect vulnerability, respectively; at the household level, age and household size
significantly positively affect vulnerability, while livelihood type significantly
negatively affects vulnerability.

Regional regression analysis shows that in the Loess Plateau ecologically fragile
area, cultivated land area, energy subsidy policies, and livelihood type signifi-
cantly negatively affect vulnerability, while social networks and age significantly
positively affect vulnerability. In the desert ecologically fragile area, cultivated
land area and education level significantly negatively affect vulnerability, while
social networks and age significantly positively affect vulnerability. In the
Qinghai-Tibet Plateau ecologically fragile area, household income, cultivated
land area, energy subsidy policies, and livelihood type significantly negatively
affect vulnerability, while social networks and age significantly positively affect
vulnerability.
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