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Abstract

Ecologically fragile regions face the dual challenge of environmental conservation and
improving rural livelihoods. Forest-dependent households are especially exposed to ecolog-
ical restoration constraints, market fluctuations, and limited institutional access. This study
develops a micro-level diagnostic framework that combines the Sustainable Livelihood
Framework with resilience theory by adding a risk-resilience dimension to the conventional
five-capital structure. Using survey data from 444 forest-farmer households in Songshan
District, Inner Mongolia, we calculate livelihood resilience with the entropy-weight method,
classify household profiles with K-means clustering, and diagnose constraints with an
obstacle-degree model. The mean resilience score is 0.6267, indicating a relatively strong but
uneven resilience level. Livelihood risk resilience (0.7476) and financial capital resilience
(0.6797) are the strongest dimensions, whereas human capital resilience (0.3521) and phys-
ical capital resilience (0.4099) remain weak. The main obstacles are relationships with
village cadres (29.66%), household savings (16.25%), livestock and poultry assets (14.70%),
village road conditions (13.23%), relationships with relatives and friends (10.99%), and cor-
porate/cooperative assistance effects (6.88%). The findings support targeted interventions
in linking social capital, savings capacity, infrastructure, and enterprise-farmer cooperation.

Keywords: livelihood resilience; sustainable livelihoods; forest farmers; ecologically fragile
regions; rural development

1. Introduction
Ecologically fragile regions face overlapping environmental, economic, and social

pressures. Climate variability, resource degradation, market volatility, and demographic
outmigration expose rural households to repeated shocks, particularly in areas where
livelihoods depend heavily on land, forests, and small-scale agriculture [1]. Livelihood
resilience provides a useful lens for assessing whether households can absorb disturbances,
adjust livelihood strategies, and maintain or improve well-being under stress [2,3]. Al-
though recent studies have advanced household-level resilience measurement in China
and other fragile contexts, many remain macro-regional in scale, focus on general rural
households, or pay limited attention to forest-dependent groups whose livelihoods are
shaped simultaneously by ecological protection requirements and market uncertainty [4–7].

The Sustainable Livelihood Framework (SLF) remains a widely used tool for analyzing
rural livelihoods because it links household outcomes to human, natural, financial, social,
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and physical capital [8,9]. However, the SLF pays relatively less attention to how house-
holds respond to shocks, chronic stressors, and changing institutional or market conditions.
Resilience theory complements this perspective by emphasizing households’ absorptive,
adaptive, and transformative capacities [10,11]. Building on the established integration
of the SLF and resilience theory, this study focuses on its contextual application to forest
farmers in a northern Chinese ecologically fragile region and on the operationalization of
risk-related resilience as a diagnostic dimension.

Three research gaps motivate this study. First, existing livelihood-resilience research
has paid limited attention to forest farmers, whose livelihood strategies are constrained by
ecological restoration, land and forest-resource dependence, and uneven market access [12].
Second, micro-level evidence from northern China remains insufficient compared with
studies on southwestern mountainous, coastal, or general rural areas [13–16]. Third, while
many studies measure livelihood capital stocks, fewer examine how capital conditions and
risk-response factors jointly shape household-level resilience under simultaneous ecological
and market pressures [17]. Accordingly, this study asks three research questions: (1) What
is the overall livelihood resilience level of forest farmers in Songshan District? (2) How does
livelihood resilience vary by household type and township location? (3) Which indicators
constitute the main diagnostic obstacles to livelihood-resilience improvement?

To answer these questions, this study uses survey data from 444 forest-farmer house-
holds in Songshan District, Chifeng City, Inner Mongolia. The analysis combines entropy-
based weighting, K-means classification, and obstacle-degree diagnosis to measure re-
silience levels, classify household profiles, and identify priority constraints. The study
makes three main contributions. First, it develops a context-specific six-dimensional indica-
tor system that retains the five SLF capitals while adding livelihood risk resilience to capture
price fluctuations, natural-disaster shocks, information access, government assistance, and
enterprise/cooperative support. Second, it provides micro-level evidence on forest farmers
in a northern agro-pastoral and ecologically fragile setting. Third, it identifies priority
constraint indicators that can inform targeted interventions in linking social capital, savings
capacity, rural infrastructure, and enterprise-farmer cooperation.

2. Theoretical Framework
2.1. Limitations of Existing Theoretical Perspectives

Research on rural livelihoods in ecologically fragile regions has long relied on the
Sustainable Livelihood Framework (SLF), vulnerability theory, and multidimensional
poverty theory. These perspectives provide important analytical foundations, but each
has limitations when used independently to explain the livelihood resilience of forest
farmers. The SLF is particularly useful because it links household livelihood outcomes to
the structure and allocation of human, natural, financial, social, and physical capital [9,18].
It helps identify what resources households possess and how these resources support
livelihood strategies. However, the SLF is less explicit about how households respond
to sudden shocks, chronic stressors, and changing institutional or market conditions. In
this sense, the SLF is strong in explaining asset structure but relatively weak in explaining
dynamic adjustment.

Vulnerability theory offers another useful perspective by emphasizing exposure, sensi-
tivity, and adaptive capacity [6]. It helps explain why households in ecologically fragile
regions are more likely to be affected by environmental degradation, climate variability,
and market instability. Nevertheless, vulnerability analysis often starts from risk exposure
and tends to describe households as being affected by external shocks. This can understate
the active role of households in reorganizing resources, adjusting livelihood strategies,
and seeking support from community, government, and market actors. Multidimensional
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poverty theory further contributes by identifying deprivation across income, education,
health, infrastructure, and other domains [17]. However, poverty measurement mainly
reveals livelihood deprivation at a given point in time and often says less about how
households maintain or improve livelihood outcomes when external conditions change.

These limitations are especially important for forest farmers in ecologically fragile
regions. Their livelihood systems are shaped not only by household-level capital endow-
ments but also by ecological restoration policies, forest-resource dependence, labor aging,
market fluctuations, and uneven access to institutions. For example, a household with land
or forest resources may still face weak resilience if ecological restrictions limit resource
use, if roads and market channels are underdeveloped, or if the household lacks savings
and social connections to respond to shocks. Therefore, a framework for analyzing forest
farmers’ livelihood resilience needs to consider both livelihood capital stocks and the
dynamic capacity to absorb, adapt to, and recover from external pressures.

2.2. Resilience Theory as a Dynamic Complement to Livelihood Analysis

Resilience theory provides a dynamic perspective for understanding how households
respond to disturbances. In livelihood studies, resilience does not simply mean returning
to a previous state after a shock. Rather, it refers to the ability of households to absorb
disturbances, reorganize available resources, adjust livelihood strategies, and maintain or
improve well-being under changing conditions [19–21]. This perspective complements the
SLF because it shifts attention from the possession of livelihood capital to the capacity to
mobilize that capital when households face ecological, economic, or social stress.

In this study, livelihood resilience is understood at the household level, but it is not
treated as an isolated individual attribute. Forest farmers are embedded in broader social-
ecological systems, and their resilience is shaped by interactions with communities, village
cadres, local governments, financial institutions, enterprises, cooperatives, and ecological
governance arrangements [18,22]. A household’s ability to respond to risk depends not
only on its own labor, income, savings, land, and equipment, but also on whether it can
obtain timely policy information, access credit, participate in community networks, receive
technical support, and connect with market organizations.

This interpretation is particularly relevant in ecologically fragile regions. Environmen-
tal constraints and ecological restoration policies may reduce certain traditional livelihood
options, while market volatility and natural disasters increase income uncertainty. At
the same time, policy assistance, cooperative organizations, information networks, and
enterprise-farmer linkages may provide new channels for adaptation. Therefore, resilience
theory helps explain the process through which forest farmers convert livelihood resources
into risk-buffering and adaptive capacity. It also provides a theoretical basis for extending
the conventional livelihood capital framework by including a risk-related dimension.

2.3. Multi-Level Mechanisms of Livelihood Resilience Formation

The formation of livelihood resilience in ecologically fragile regions can be understood
through three interacting mechanisms [23]. The first mechanism is exposure to exter-
nal disturbances. Forest farmers face multiple sources of uncertainty, including natural
disasters, agricultural price fluctuations, ecological restoration restrictions, and changes
in production and market conditions. These disturbances create pressure on household
income, resource use, production decisions, and long-term livelihood stability. The in-
tensity of these pressures varies across households because households differ in resource
endowments, livelihood strategies, and access to support.

The second mechanism is household livelihood-capital buffering. Livelihood capitals
provide the basic resources through which households respond to shocks [24]. Human
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capital affects labor availability, health conditions, education level, and the ability to learn
or adopt new production methods. Natural capital provides land and forest resources, but
its contribution depends on resource quality and ecological regulation. Financial capital,
including income, savings, and loan accessibility, determines whether households can
smooth consumption, restore production, and invest in livelihood diversification. Social
capital affects access to informal support, policy information, community participation,
and external opportunities. Physical capital, such as roads, livestock, machinery, and
vehicles, influences production efficiency and market access. These capitals do not operate
separately; they interact with one another and jointly shape household resilience.

The third mechanism is institutional and market support [24]. In ecologically fragile
regions, households often cannot rely only on internal resources to cope with risks. Access
to village cadres, government programs, credit institutions, cooperatives, and enterprises
can shape whether households obtain information, subsidies, training, technical assistance,
loans, or market opportunities. These external support channels are especially important for
monitored households, elderly households, and households with limited savings or weak
labor capacity. They connect household-level livelihood capital with broader institutional
and market systems.

This logic is particularly relevant for forest farmers. Strong kinship ties may provide
short-term assistance, but access to village cadres, cooperatives, and enterprises shapes
whether households can obtain formal resources, market information, and policy sup-
port [19]. Similarly, land or forest resources may be valuable, yet their contribution to
resilience depends on ecological regulations, infrastructure, and market channels. The
theoretical framework in Figure 1, therefore, links external disturbances, livelihood capitals,
risk-related support conditions, and livelihood outcomes. Figure 1 serves not only as
a conceptual illustration but also as the analytical basis for selecting the six evaluation
dimensions and interpreting the obstacle-degree results.

Figure 1. Capital-risk diagnostic framework for livelihood resilience among forest farmers in ecologi-
cally fragile regions.

2.4. Construction of the Integrated Analytical Framework

Based on the above reasoning, this study constructs an integrated capital-risk frame-
work for measuring and diagnosing the livelihood resilience of forest farmers. The frame-
work contains six dimensions: human capital resilience, natural capital resilience, financial
capital resilience, social capital resilience, physical capital resilience, and livelihood risk
resilience. The first five dimensions correspond to the conventional SLF and represent the
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structural resource base of rural households. These dimensions capture whether house-
holds possess the human, natural, financial, social, and physical resources needed to sustain
livelihoods and respond to shocks.

Livelihood risk resilience is introduced as an additional dimension because risk expo-
sure and risk-support conditions cannot be fully reduced to asset stocks [25]. In ecologically
fragile regions, two households with similar livelihood capital may differ substantially in
their ability to cope with price fluctuations, natural disasters, information gaps, or uneven
policy and enterprise support. For example, the impact of agricultural product price fluctu-
ations reflects the degree to which household income is exposed to market instability. The
impact of natural disasters reflects the pressure created by environmental shocks. Regional
information-network coverage indicates whether households can obtain timely information
for production and market decisions. Government policy assistance reflects the extent to
which public support contributes to livelihood stabilization. Enterprise or cooperative
assistance reflects whether market organizations provide effective technical, marketing, or
income-enhancing support.

This sixth dimension, therefore, acts as a bridge between the vulnerability context and
household adaptive capacity. It captures both risk pressure and external support conditions
that influence whether livelihood capital can be effectively transformed into resilience. By
combining the five livelihood capitals with livelihood risk resilience, the framework avoids
treating resilience as either a simple asset stock or a purely subjective perception. Instead,
it conceptualizes resilience as a multidimensional capacity formed through the interaction
between household endowments, external disturbances, and support mechanisms.

The integrated framework also corresponds to the empirical strategy of this study.
Entropy-based weighting is used to measure the relative information contribution of each
indicator within the sample. K-means clustering is used to classify households into different
resilience groups. The obstacle-degree model is then used to diagnose the indicators
with the largest improvement gaps. In this way, the framework supports not only the
measurement of comprehensive livelihood resilience but also the identification of priority
constraints for policy intervention [6].

2.5. Theoretical Implications

Consistent with the measurement and diagnostic purpose of this study, the framework
leads to three analytical propositions rather than causal hypotheses. These propositions are
used to guide the empirical measurement, classification, and constraint diagnosis.

Proposition 1. Livelihood resilience is uneven across capital and risk dimensions because forest
farmers face different combinations of asset endowments, ecological pressures, market uncertainty,
and institutional support.

Proposition 2. Monitored households are expected to show weaker livelihood resilience than general
households because labor, health, savings, social access, and productive-asset constraints are more
concentrated among vulnerable households.

Proposition 3. The main obstacle factors are expected to cluster around linking social capital,
financial reserves, and infrastructure because these factors shape households’ access to formal
resources, risk-buffering capacity, and market participation.

Together, these propositions clarify the analytical logic of the study. They do not claim
causal identification; rather, they provide a theoretical basis for examining how livelihood
capital, risk-response conditions, and external support jointly shape the measured resilience
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profile of forest farmers. This theoretical framing also helps connect the indicator system,
household classification, and constraint diagnosis into a coherent empirical analysis.

3. Research Data and Methods
3.1. Study Area and Data Sources

Songshan District, located in the southern part of Chifeng City, Inner Mongolia Au-
tonomous Region, lies in the upper reaches of the Xiliao River and covers 5629 square
kilometers (Figure 2). The district was selected because it combines typical features of
northern China’s ecologically fragile regions: a semi-arid agro-pastoral transition environ-
ment, dependence on forest and land resources, ongoing ecological restoration pressures,
rural labor outmigration, and uneven access to markets and public services [26]. The site
is not claimed to represent all ecologically fragile areas in China. Rather, it provides an
analytically relevant case for examining forest farmers who must balance ecological protec-
tion and livelihood improvement. Between 18 and 25 September 2024, the research team
conducted structured questionnaires and semi-structured interviews. Of 469 questionnaires
distributed and retrieved, 25 were excluded after consistency and completeness screening,
resulting in 444 valid samples and an effective response rate of 94.67%.

Figure 2. Location of the study area and distribution of surveyed samples.

The field survey followed a multi-stage sampling logic. Townships were selected to
cover variation in location, production conditions, and village-level livelihood structures.
Within townships, villages with forest-farmer households were identified with local ad-
ministrative assistance. Eligible households were then interviewed face-to-face. To reduce
response bias, enumerators explained the research purpose, confirmed anonymity, checked
questionnaire completeness onsite, and excluded questionnaires with contradictory or
missing key information. The concentrated survey period was chosen after the main
agricultural production season and before winter, when households could report annual
income, expenses, and shock experiences more consistently. The short fieldwork window
remains a limitation and is acknowledged in the Discussion.
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3.2. Sample Characteristics

The demographic and socioeconomic attributes of the respondents, summarized in
Table 1, show that males constitute 78.15% of the sample and females 21.85%, indicating
that men remain the main agricultural decision-makers in many surveyed households. A
total of 60.81% of respondents are aged between 50 and 70 years, while respondents under
40 account for only 4.95%. In addition, 57.88% of households have two or fewer laborers.
These patterns reflect rural aging and labor outmigration, which are relevant to human-
capital resilience. Educational attainment is generally modest: junior high school and
primary school graduates account for 56.98% and 24.32%, respectively, and only 4.06% have
a college degree or above. General households account for 76.80% of the sample, whereas
monitored households account for 23.20%, providing a basis for comparing households
with different vulnerability profiles.

Table 1. Socioeconomic characteristics of surveyed forest-dependent households.

Statistical Indicators Category Frequency Percentage

Gender
Male 347 78.15%

Female 97 21.85%

Age

Under 40 years old 22 4.95%
40 to 50 years old (inclusive) 91 20.50%
50 to 70 years old (inclusive) 270 60.81%

Over 70 years old 61 13.74%

Education level

No formal education 2 0.45%
Primary school 108 24.32%

Junior high school 253 56.98%
Senior high school or vocational school 63 14.19%

College degree or above 18 4.06%

Household labor force

2 persons or fewer 257 57.88%
3 persons 107 24.10%
4 persons 57 12.84%
5 persons 13 2.93%

6 persons or more 10 2.25%

Household type General households 341 76.80%
Monitored households 103 23.20%

3.3. Indicator System and Model Construction
3.3.1. Indicator System Construction

Building on the SLF and household livelihood-resilience literature, this study con-
structs a formative indicator system rather than a reflective psychometric scale. The
21 indicators were selected through three steps. First, indicators frequently used in studies
of livelihood capital, household resilience, ecological fragility, and rural development were
screened from the literature [2,4–8,18,24,27]. Second, the indicators were matched to the
livelihood context of forest farmers in Songshan District, including land/forest dependence,
aging labor forces, market-price exposure, natural-disaster exposure, village-level social
networks, and policy/enterprise support. Third, experts in rural livelihoods and ecological
construction reviewed the relevance, measurability, and local applicability of the indicators.
The expert review was conducted as a structured consultation rather than a formal Delphi
survey. Experts assessed whether each indicator was theoretically relevant, locally measur-
able, and suitable for household-level resilience assessment. Indicators with ambiguous
meaning or weak local applicability were revised or removed before the final system was
determined. The final system includes six primary dimensions and 21 secondary indicators
(Table 2). Objective variables, such as income and land area, and perception-based variables,
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such as relationships and perceived assistance effects, are intentionally combined because
livelihood resilience depends on both asset stocks and access to support resources.

Table 2. Multidimensional indicator system for measuring livelihood resilience.

Category Indicator Description Measurement/Assignment

Physical capital resilience (A1)

Village road conditions (B1) 1 (Very poor); 2 (Poor); 3 (Average);
4 (Good); 5 (Very good)

Total value of livestock and poultry (B2) Discounted cash value of household
livestock and poultry (RMB)

Ownership of agricultural machinery and
vehicles (B3)

1 (One type); 2 (Two types); 3 (Three
types); 4 (Four types); 5 (Five or

more types)

Human capital resilience (A2)

Education level (B4)

1 (Uneducated); 2 (Primary school);
3 (Junior high school); 4 (Senior high

school or vocational school); 5 (College
degree or above)

Number of household laborers (B5) Number of healthy laborers aged 16 to 65
(Persons)

Health status of family members (B6)
1 (Long-term illness or disability);

2 (Frequent illness); 3 (Occasional illness);
4 (Rarely ill); 5 (Very healthy)

Financial capital resilience (A3)

Per capita annual household income (B7) (Household income minus expenses)
divided by family size (RMB)

Household savings amount (B8) Annual household income minus annual
household expenses (RMB)

Ease of obtaining a loan when needed (B9) 1 (Very difficult); 2 (Difficult); 3 (Average);
4 (Easy); 5 (Very easy)

Social capital resilience (A4)

Relationship with relatives and friends
(B10)

1 (Very poor); 2 (Poor); 3 (Average);
4 (Good); 5 (Very good)

Relationship with village cadres (B11) 1 (Very poor); 2 (Poor); 3 (Average);
4 (Good); 5 (Very good)

Frequency of participating in community
activities (B12) Specific number of times participated

Natural capital resilience (A5)

Existing household cropland area (B13) Per capita cropland area (Mu)

Quality of existing household cropland
(B14)

1 (Very poor); 2 (Poor); 3 (Average);
4 (Good); 5 (Very good)

Existing household forest land area (B15) Per capita forest land area (Mu)

Quality of existing household forest land
(B16)

1 (Very poor); 2 (Poor); 3 (Average);
4 (Good); 5 (Very good)

Livelihood risk resilience (A6)

Impact of agricultural product price
fluctuations on income (B17)

Reverse-coded: 1 (Very large impact);
2 (Large); 3 (Average); 4 (Small); 5 (Very

small impact)

Impact of natural disasters on income (B18)
Reverse-coded: 1 (Very large impact);

2 (Large); 3 (Average); 4 (Small); 5 (Very
small impact)

Regional information network coverage
(B19)

1 (Very small); 2 (Small); 3 (Average);
4 (Large); 5 (Very large)

Income effect of government policy
assistance (B20)

1 (Very small); 2 (Small); 3 (Average);
4 (Large); 5 (Very large)

Income effect of corporate or cooperative
assistance (B21)

1 (Very small); 2 (Small); 3 (Average);
4 (Large); 5 (Very large)
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Because the index is formative, Cronbach’s alpha and exploratory factor analysis were
not used as strict criteria for retaining or deleting indicators. The indicators represent
complementary components of livelihood resilience, such as education, savings, road con-
ditions, land resources, and social relationships, and therefore, they are not expected to
behave as a purely reflective psychometric scale. Nevertheless, to improve methodological
transparency and respond to concerns about indicator validity, several supplementary di-
agnostics were conducted. Construct validity was addressed through theoretical mapping,
local contextual relevance, and expert review. Data-based diagnostics were then used to
examine internal coherence, common information, and multicollinearity.

Using the household-level dataset, the overall Cronbach’s alpha for the 21 indicators was
0.818, indicating acceptable internal coherence for the integrated index. The Kaiser-Meyer-
Olkin value was 0.825, and Bartlett’s test of sphericity was significant (chi-square = 5804.430,
df = 210, p < 0.001), suggesting that the indicator matrix contained sufficient common informa-
tion for integrated assessment. Variance inflation factors were also calculated for all indicators.
The maximum VIF was 7.608, below the commonly used threshold of 10, and the largest
pairwise correlation was 0.878 between two social-capital indicators. These results indicate
that no severe multicollinearity problem exists, although social-capital indicators should be
interpreted cautiously because of their conceptual proximity.

3.3.2. Model Construction

(1) Entropy Method

To account for differences in measurement units and value ranges, all indicators
were standardized before index construction. Min-max normalization transformed each
indicator to the interval [0, 1]. Continuous monetary variables were winsorized at the 1st
and 99th percentiles to reduce the influence of extreme values [28]. Positive indicators were
standardized so that larger values represented stronger resilience. Negative indicators, such
as the reported impact of price fluctuations and natural disasters, were reverse-coded so that
larger standardized values also represented stronger resilience. The entropy method was
used because it provides an objective weighting procedure based on observed dispersion
and reduces reliance on researcher-assigned weights [29]. However, entropy weights reflect
data variability rather than theoretical importance or causal effects. Therefore, the weights
are interpreted as sample-specific diagnostic weights and are discussed together with
theoretical reasoning and robustness checks.

For positive indicators, the standardization formula is:

Yij =
xij − min

(
xij

)
max

(
xij

)
− min

(
xij

)
For negative indicators, the standardization formula is:

Yij =
max

(
xij

)
− xij

max
(
xij

)
− min

(
xij

)
Here, xij represents the original value of the j-th indicator for the i-th household, and

Yij denotes the standardized value. The entropy weight method assigns larger weights to
indicators with greater variation across households. This property is useful for identifying
heterogeneous constraints, but it also means that the substantive interpretation of weights
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must be combined with theory and local context rather than treated as statistical causality.
The indicator proportion Pij is calculated as follows:

Pij =
Yij

∑n
i=1 Yij

Next, the entropy value Ej for each indicator is determined:

Ej = − 1
ln n

n

∑
i=1

Pijln Pij

The objective weight Wj is then computed:

Wj =
1 − Ej

∑m
j=1

(
1 − Ej

)
Finally, the comprehensive livelihood resilience score S is calculated:

S =
m

∑
j=1

WjYij

The variable S represents the livelihood resilience score for each sampled household.
A higher S value indicates stronger livelihood resilience for the forest farmers. A lower
value indicates weaker resilience requiring targeted intervention.

(2) Cluster Analysis

This study used K-means clustering to classify households according to comprehensive
resilience scores. K-means was selected because it can form interpretable household groups
along a continuous resilience gradient. Euclidean distance was used to measure similarity
between observations. Four clusters were retained to correspond to four policy-relevant
categories: weak resilience, relatively weak resilience, relatively strong resilience, and
strong resilience [30,31]. To improve reproducibility, the number of clusters was examined
using validation indices, including the silhouette coefficient, Calinski-Harabasz index, and
Davies-Bouldin index.

d(i, j) =
√(

Si1 − Sj1
)2

+
(
Si2 − Sj2

)2
+ · · ·+

(
Sin − Sjn

)2

Households with similar resilience scores were grouped through iterative calcula-
tion. The four categories are weak resilience, relatively weak resilience, relatively strong
resilience, and strong resilience. These categories are intended for diagnostic comparison
and policy targeting, not for proving statistically discrete population types.

The number of clusters was further examined by comparing two to six clusters. For
the four-cluster solution, the silhouette coefficient was 0.565, the Calinski-Harabasz index
was 1596.8, and the Davies-Bouldin index was 0.507. Although a two-cluster solution
produced a slightly higher silhouette coefficient, the four-cluster solution provided the
most interpretable ordinal classification and the lowest Davies-Bouldin value among the
tested solutions. Therefore, four categories were retained to distinguish weak, relatively
weak, relatively strong, and strong livelihood resilience.

(3) Obstacle Degree Model

Identifying constraints is crucial for policy formulation in ecologically fragile regions.
The obstacle-degree model was therefore used to diagnose indicators that most restrict
resilience improvement [27]. The model combines indicator weight and the gap between
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the observed standardized value and the ideal value. It is suitable for identifying priority
weaknesses, but it is not a causal model. For this reason, the results are reported as
constraint indicators rather than determinants.

Iij = 1 − Sij

The variable Sij represents the standardized value of the respective indicator. The
deviation degree measures the gap between the actual value and the optimal target. Subse-
quently, the obstacle degree Oi is computed:

Oi =
IijUi

∑m
i=1 IijUi

The variable Ui represents the weight of the corresponding indicator. A larger Oi

degree percentage indicates a larger diagnostic gap between current conditions and the
ideal resilience state. Because the result depends partly on the weighting method and
the coding direction of indicators, obstacle rankings should be interpreted together with
robustness checks and qualitative knowledge of the study area.

3.3.3. Methodological Scope and Robustness Strategy

This study is designed as a cross-sectional measurement and diagnostic analysis, and
the results are not interpreted as causal estimates. Several robustness and validity checks
were conducted. First, the entropy-based comprehensive score was compared with an
equal-weighted index and a principal-component-based index. The Pearson and Spearman
correlations between the entropy score and the equal-weighted score were both 0.974, while
the corresponding correlations with the PCA-based score were 0.807 and 0.820, respectively.
The first six principal components explained 73.08% of the total standardized variance.
These results suggest that the overall ranking is not driven solely by the entropy-weighting
scheme. Second, the study reports VIF and correlation diagnostics to reduce concerns about
multicollinearity. Third, clustering results are supported by validation indices. Finally, the
obstacle-degree model is interpreted as a constraint-diagnosis tool rather than a causal
model; it identifies where the largest improvement gaps occur under the constructed index.

All statistical analyses were conducted using Python 3.11. Indicator standardization,
entropy weighting, equal-weighted index construction, PCA-based robustness checks,
VIF diagnostics, and cluster-validation indices were calculated using the standardized
household-level indicator matrix. K-means clustering was implemented for k = 2–6 with
n_init = 50, max_iter = 300, and random_state = 42. The equal-weighted index was con-
structed by assigning identical weights to the 21 secondary indicators, while the PCA-based
index was constructed from the retained principal components explaining 73.08% of the
standardized variance. The PCA-based score was calculated as a weighted sum of retained
component scores, with weights proportional to their explained variance.

4. Results and Analysis
4.1. Weight Determination of Livelihood Resilience

Table 3 reports entropy-based weights for the six dimensions and 21 indicators. These
weights should be read as sample-specific indicators of dispersion rather than causal
importance. The robustness checks reported above show that the entropy-based score
is highly correlated with alternative weighting approaches, which supports the use of
entropy weights for diagnostic measurement in this study. Among the primary dimensions,
livelihood risk resilience and financial capital resilience show the highest entropy-based
weights, indicating that these dimensions contain relatively large variation and information
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contribution within the sample. At the secondary-indicator level, resilience to agricultural
product price fluctuations, per capita annual household income, relationship with village
cadres, and household savings receive relatively high weights. These results should be
interpreted as data-dispersion patterns rather than evidence that these indicators are
causally more important than others.

Table 3. Entropy-based weights of livelihood resilience indicators.

Primary Indicator (A) Weight Rank Secondary Indicator (B) Weight Rank

Physical capital
resilience (A1) 0.1165 5

Village road conditions (B1) 0.0502 12
Total value of livestock and poultry (B2) 0.0562 10

Ownership of agricultural machinery and vehicles (B3) 0.0101 21

Human capital
resilience (A2) 0.0385 6

Education level (B4) 0.0116 20
Number of household laborers (B5) 0.0128 19

Health status of family members (B6) 0.0141 18

Financial capital
resilience (A3) 0.2187 2

Per capita annual household income (B7) 0.0794 2
Household savings amount (B8) 0.0723 4

Ease of obtaining a loan (B9) 0.0670 6

Social capital resilience
(A4) 0.2080 3

Relationship with relatives and friends (B10) 0.0708 5
Relationship with village cadres (B11) 0.0762 3

Frequency of participating in community activities (B12) 0.0610 8

Natural capital
resilience (A5) 0.1960 4

Existing household cropland area (B13) 0.0203 17
Quality of existing household cropland (B14) 0.0545 11

Existing household forest land area (B15) 0.0627 7
Quality of existing household forest land (B16) 0.0585 9

Livelihood risk
resilience (A6) 0.2223 1

Resilience to agricultural product price fluctuations (B17) 0.1213 1
Resilience to natural-disaster income shocks (B18) 0.0263 14

Regional information network coverage (B19) 0.0261 15
Income effect of government policy assistance (B20) 0.0211 16

Income effect of corporate or cooperative assistance (B21) 0.0275 13

Note: B17 and B18 were reverse-coded; higher scores indicate lower negative impacts and stronger resilience.

4.2. Comprehensive Measurement of Livelihood Resilience

K-means clustering classified households into four resilience categories: weak re-
silience (0.3633–0.4673), relatively weak resilience (0.4674–0.5942), relatively strong re-
silience (0.5943–0.7160), and strong resilience (0.7161–0.8604). The overall resilience score
is 0.6267, placing the study area in the relatively strong category. However, this average
masks clear dimensional imbalance. Livelihood risk resilience (0.7476) and financial capital
resilience (0.6797) are relatively high, whereas physical capital resilience (0.4099) and hu-
man capital resilience (0.3521) are weak. The results indicate that policy and financial access
partially buffer shocks, but labor shortages, limited education, poor health conditions, road
constraints, and low machinery ownership continue to restrict household capacity (Table 4).

Table 4. Comprehensive scores of livelihood resilience indicators.

Primary Indicator (A) Score Rank Secondary Indicator (B) Score Rank

Physical capital
resilience (A1) 0.4099 5

Village road conditions (B1) 0.3272 17
Total value of livestock and poultry (B2) 0.4616 15

Ownership of agricultural machinery and vehicles (B3) 0.2569 19

Human capital
resilience (A2) 0.3521 6

Education level (B4) 0.2501 20
Number of household laborers (B5) 0.1345 21

Health status of family members (B6) 0.2775 18
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Table 4. Cont.

Primary Indicator (A) Score Rank Secondary Indicator (B) Score Rank

Financial capital
resilience (A3) 0.6797 2

Per capita annual household income (B7) 0.6630 3
Household savings amount (B8) 0.5578 10

Ease of obtaining a loan (B9) 0.6641 2

Social capital resilience
(A4) 0.5510 3

Relationship with relatives and friends (B10) 0.5608 8
Relationship with village cadres (B11) 0.4617 14

Frequency of participating in community activities (B12) 0.5603 9

Natural capital
resilience (A5) 0.5319 4

Existing household cropland area (B13) 0.5684 6
Quality of existing household cropland (B14) 0.4678 13

Existing household forest land area (B15) 0.5675 7
Quality of existing household forest land (B16) 0.5764 5

Livelihood risk
resilience (A6) 0.7476 1

Resilience to agricultural product price fluctuations (B17) 0.7740 1
Resilience to natural-disaster income shocks (B18) 0.4740 12

Regional information network coverage (B19) 0.4774 11
Income effect of government policy assistance (B20) 0.5811 4

Income effect of corporate or cooperative assistance (B21) 0.4405 16

Comprehensive
livelihood resilience

score
0.6267

Note: B17 and B18 were reverse-coded; higher scores indicate lower negative impacts and stronger resilience.

4.3. Livelihood Resilience of Different Types of Forest Farmers

Forest farmers were categorized into general households and monitored households
to examine whether resilience differs across vulnerability profiles. Figures 3–5 show the
distribution of resilience categories for the full sample and for the two household types.

Clear differences are observed between household types. General households have
an average resilience score of 0.6786, which is above the sample mean of 0.6267. Mon-
itored households have a lower average score of 0.5240. General households are more
concentrated in the relatively strong and strong categories, whereas monitored households
are more likely to fall into weak or relatively weak resilience categories. This pattern
supports P2 and indicates that poverty-monitoring status is associated with weaker asset
endowments and weaker access to support resources.

Figure 3. Overall distribution of livelihood resilience categories in the full sample.
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Figure 4. Distribution of livelihood resilience categories among general households.

Figure 5. Distribution of livelihood resilience categories among monitored households.

The gap is especially visible in physical, social, and financial capital. General house-
holds tend to have more machinery and livestock, stronger relationships with village
cadres and relatives, and better capacity to obtain loans or absorb temporary income shocks.
Monitored households face overlapping disadvantages: lower education, fewer laborers,
poorer health conditions, limited savings, and weaker formal or informal networks. These
combined constraints explain why monitored households may have difficulty converting
policy support into actual resilience gains.

4.4. Spatial Variation of Livelihood Resilience

Regional differences in livelihood resilience were examined across surveyed townships.
This spatial analysis is descriptive rather than spatial-econometric because the study uses
household survey data from selected townships and does not model spatial dependence
statistically. Figure 6 reports comprehensive scores across townships.

Descriptive spatial heterogeneity is evident. Damiao Township has the highest compre-
hensive score (0.6772), followed by Shangguandi (0.6165), Wangfu (0.6081), Laofu (0.5782),
Gangzi (0.5698), and Xiajiadian (0.5011). The difference between Damiao and Xiajiadian is
0.1761 points. Damiao performs well in livelihood risk resilience (0.7890) and natural capi-
tal resilience (0.5858), which is consistent with its development of facility agriculture and
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characteristic agricultural industries. These industries provide employment opportunities
and improve households’ ability to respond to production and market risks.

Figure 6. Composite scores for forest farmers’ livelihood resilience across surveyed townships in
ecologically fragile regions.

Shangguandi Township ranked second overall, relying on open field vegetable cultiva-
tion as a leading industry to increase local incomes and accumulate financial capital. This
pattern may be related to local efforts to connect financial institutions with forest farmers,
a measure that makes obtaining loans significantly easier during risk events. Wangfu
Township exhibits balanced development across all dimensions, as the local government
emphasizes education and labor training. This may help farmers adopt new agricultural
technologies, which enhances both production efficiency and risk coping capabilities.

In contrast, Laofu and Gangzi have moderate scores because their industrial structures
remain less diversified and lack high-value agricultural clusters. Gangzi has explored
livestock breeding, but complementary support in finance, information, and market access
remains insufficient. Xiajiadian has no clear advantage in the measured resilience dimen-
sions. Its modern agricultural initiatives, including high-standard farmland and unmanned
smart-farm models, are still developing and have not yet generated broad resilience benefits
for ordinary households.

4.5. Constraint Diagnosis of Livelihood Resilience

The obstacle-degree model was used to identify indicators with the largest diagnostic
gaps in livelihood resilience. Because the model combines indicator weights with the
distance between observed and ideal values, it does not establish causal effects. Therefore,
the results are interpreted as constraint indicators rather than determinants or causal
influencing factors. To keep the results interpretable, Table 5 reports the top six constraint
indicators for the full sample, general households, and monitored households.

Relationships with village cadres (B11) and relatives/friends (B10) rank among the
main constraints, indicating that linking and bonding social capital operate differently.
Weak links with village cadres may restrict timely access to policy information, training
opportunities, credit channels, and public resources. Kinship and friendship networks
provide emotional and short-term support, but their capacity is limited when surrounding
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households face similar economic pressures. This explains why social-capital constraints
can remain prominent even in rural communities with strong interpersonal ties.

Table 5. Obstacle-degree ranking of key constraint indicators on livelihood resilience.

Survey Object Category Obstacle Degree
Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Rank 6

Total sample Constraint indicator B11 B8 B2 B1 B10 B21
Obstacle degree 29.66% 16.25% 14.70% 13.23% 10.99% 6.88%

General
households

Constraint indicator B11 B2 B8 B1 B21 B10
Obstacle degree 31.23% 19.87% 12.40% 11.42% 7.44% 3.56%

Monitored
households

Constraint indicator B11 B8 B1 B21 B2 B10
Obstacle degree 30.04% 28.00% 21.50% 10.58% 6.22% 4.68%

Household savings (B8) are also a major constraint, with an obstacle degree of 16.25%
for the total sample and 28.00% for monitored households. Savings provide liquidity
for restoring production after shocks, smoothing consumption, purchasing inputs, and
investing in livelihood diversification. The higher obstacle degree among monitored
households suggests that limited liquid assets are a core mechanism linking vulnerability
status to weak resilience.

Village road conditions (B1) and livestock/poultry value (B2) represent physical-
capital constraints. Poor road conditions increase transportation costs, reduce access to
markets and services, and delay response during natural or market shocks. Livestock and
poultry assets function as both productive capital and a buffer stock; low asset values
reduce the ability of households to recover from income loss or expand production.

The income-boosting effect of corporate or cooperative assistance (B21) is another
constraint. Interviews suggest that enterprise-farmer cooperation remains shallow in
some areas: assistance often focuses on procurement or input supply rather than technical
training, market information, quality certification, or risk sharing. If enterprises transfer
price and disaster risks to farmers, the expected resilience effect of cooperation weakens.
Policy design should therefore improve contract transparency, benefit-sharing mechanisms,
and cooperative services.

5. Discussion
The findings show that livelihood resilience among forest farmers in Songshan District

is relatively strong on average but uneven across dimensions and household groups.
This pattern is consistent with recent resilience studies showing that rural households
may improve risk-buffering capacity while still facing persistent constraints in human
capital, infrastructure, and social access [6,7]. Compared with macro-level rural resilience
studies, the present micro-level results reveal how household status, township development
conditions, and specific indicator gaps jointly shape resilience in an ecologically fragile
forest-farming context. These findings also resonate with international studies of livelihood
resilience in forest-dependent and ecologically fragile communities. Research on coffee
farmers, coastal communities, and forest-dependent households has similarly shown that
resilience is shaped not only by asset ownership but also by market access, institutional
support, social networks, and the ability to respond to repeated shocks [10,19,32]. The
present study adds to this discussion by showing that, in a northern Chinese forest-farming
context, linking social capital and liquidity constraints may remain important diagnostic
bottlenecks even when households report relatively strong risk-resilience and financial-
access scores. This suggests that resilience-building policies should not only increase asset
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stocks but also strengthen the channels through which households access formal support,
market information, and cooperative services.

The prominence of social-capital constraints requires careful interpretation. The result
does not mean that social relationships are more “important” than income or infrastructure
in a causal sense. Instead, it indicates that the gap between current and ideal social access is
large when combined with entropy weights. For forest farmers, relationships with village
cadres reflect linking social capital: they shape access to policy information, subsidies,
training, credit referrals, and emergency assistance. Relationships with relatives and friends
reflect bonding social capital, which can provide informal help but may be insufficient when
an entire community faces similar resource constraints. This distinction helps explain why
social capital becomes a leading obstacle despite the presence of traditional rural networks.

The weak human-capital score also requires contextual interpretation. Although rural
policies have improved public services and social assistance, human-capital resilience
is constrained by aging, low education, labor outmigration, and health burdens. Policy
support may increase access to assistance, but it cannot immediately reverse demographic
aging or educational disadvantage. This explains why human capital remains weak even
when government assistance is perceived as useful. The policy implications should there-
fore be targeted rather than generic. First, local governments should strengthen linking
social capital by establishing regular village-cadre visits, transparent policy-information
channels, and household-level follow-up mechanisms for monitored households. Second,
financial institutions should design flexible credit products, savings incentives, and forest-
rights or livestock-related collateral mechanisms to improve liquidity. Third, infrastructure
investment should prioritize village roads and digital information networks that connect
farmers to markets, training, and emergency services. Fourth, enterprises and cooperatives
should move beyond purchase contracts by providing technical training, market intelli-
gence, quality control, and risk-sharing arrangements. These measures are directly derived
from the main obstacle factors identified in Table 5.

Several limitations remain. First, the cross-sectional survey design prevents causal
inference and cannot resolve endogeneity between livelihood capital and resilience out-
comes. Second, the fieldwork period was short, which may limit observation of seasonal
dynamics. Third, the spatial analysis is descriptive and does not apply spatial econo-
metric models because the sampling design was household-based rather than a spatial
panel. Fourth, entropy weighting and obstacle-degree diagnosis are sensitive to indicator
coding and dispersion. Future research should use panel data, instrumental-variable or
quasi-experimental methods, spatial econometric models, and robustness checks with
alternative weighting schemes to test the mechanisms suggested by this study. Accordingly,
the empirical contribution of this study lies in measurement, classification, and constraint
diagnosis rather than causal estimation. Because the composite index is constructed from
the component indicators, using these same indicators as explanatory variables in a regres-
sion would create a mechanically circular relationship. Future studies should introduce
external covariates, panel data, or quasi-experimental designs to test causal mechanisms
more rigorously. Accordingly, the present results are interpreted as diagnostic evidence for
policy prioritization.

6. Conclusions
This study measured the livelihood resilience of forest farmers in Songshan District us-

ing a six-dimensional capital-risk framework, entropy weights, K-means classification, and
an obstacle-degree model. The analysis focuses on measuring resilience levels, classifying
household profiles, and diagnosing priority constraints. Its contribution lies in adapting
the SLF-resilience framework to forest farmers in a northern ecologically fragile region and
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in distinguishing livelihood risk resilience from conventional livelihood capital dimensions.
The main conclusions are as follows:

(1) The overall livelihood resilience score is 0.6267, indicating a relatively strong but
uneven resilience level. Livelihood risk resilience and financial capital resilience are
the strongest dimensions, while physical capital and human capital remain weak.
This finding suggests that external support and financial access have improved, but
infrastructure, labor, education, and health constraints continue to limit resilience.

(2) Resilience differs by household type. General households score above the sample
average and are more concentrated in the relatively strong and strong categories.
Monitored households score below the average and face overlapping disadvantages
in human capital, savings, physical assets, and social access.

(3) Descriptive spatial variation exists across surveyed townships. Damiao has the highest
resilience score, followed by Shangguandi, Wangfu, Laofu, and Gangzi, while Xiajiadian
records the lowest level. The variation reflects differences in industrial development,
infrastructure, financial access, and the maturity of modern agricultural initiatives.

(4) The leading diagnostic constraints are relationships with village cadres (B11, 29.66%),
household savings (B8, 16.25%), total value of livestock and poultry (B2, 14.70%),
village road conditions (B1, 13.23%), relationships with relatives and friends (B10,
10.99%), and the income effect of corporate or cooperative assistance (B21, 6.88%).
These results indicate that resilience improvement should focus on linking social
capital, liquidity, productive assets, infrastructure, and higher-quality enterprise-
farmer cooperation.
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