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ABSTRACT

Measuring and warning the risk of returning to poverty in rural poverty-stricken families is a important means
to prevent and reduce poverty relapse, and it is also an important indicator for evaluating the effectiveness of
poverty alleviation policies. The robustness analysis method is applied to the measurement and warning mechanism
construction of the return-to-poverty risk in rural poverty-stricken families. This method is an optimization decision-
making approach under conditions of uncertainty. It can ensure that the optimization results satisfy the constraints
within a certain range without the need to know the distribution of uncertain parameters or membership
functions. Based on the 2020 China Family Tracking Survey data, a comprehensive indicator system is constructed,
encompassing both external risks and internal capabilities. The robustness analysis method is then used to calculate
the return-to-poverty risk levels of 4,477 rural poverty-stricken households. Four warning levels are defined based on
the results, and corresponding warning measures are proposed. The research reveals that the return-to-poverty risk
of rural poverty-stricken families follows a right-skewed distribution with significant variations and hierarchies. Rural
poverty-stricken families’ return-to-poverty risk is influenced by various factors, including external shocks, economic
fluctuations, living conditions, and human and social aspects, with inherent connections among these factors.
Differentiated and personalized assistance services, including preventive, responsive, and restorative measures, are
needed for rural poverty-stricken families of different warning levels, types, or groups. This study provides a new
perspective and tool for preventing and reducing the return to poverty in rural poverty-stricken families.

Keywords: Rural poverty-stricken families; Return-to-poverty risk; Robustness analysis; Warning levels; Warning

measures

INTRODUCTION

Rural households that have escaped poverty are those that have
escaped absolute poverty, but are still in relative or marginal
poverty [1,2]. Although these households have achieved poverty
alleviation, they still face the risk of returning to poverty, that is, the
possibility of falling back into poverty due to external factors such
as natural disasters, social conflicts, market fluctuations, policy
changes, or internal factors such as insufficient self-capacity [3-11].
Preventing and reducing the return to poverty of rural households
that have escaped poverty is an important task to consolidate the
achievements of poverty alleviation, achieve rural revitalization,
and build a socialist modernized powerful country [12-16]. To this
end, it is necessary to scientifically measure and warn the risk of
returning to poverty of rural households that have escaped poverty,

so as to timely detect the hidden dangers of returning to poverty,
formulate effective assistance measures, and improve the anti-risk
ability and quality of life of rural households that have escaped
poverty [17-20].

At present, the research on the measurement and early warning
of the risk of returning to poverty of rural households that have
escaped poverty has made some progress, mainly including the
following methods: based on livelihood vulnerability, by analysing
the livelihood capital, livelihood strategy and livelihood outcome
of rural households that have escaped poverty, to evaluate their
risk of returning to poverty; based on multidimensional poverty, by
comprehensively considering the performance of rural households
that have escaped poverty in multiple dimensions such as income,
health, education, housing, etc., to measure their risk of returning
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to poverty; based on stochastic programming, by constructing an
optimization model with stochastic parameters, to solve the optimal
income level and minimum risk of returning to poverty of rural
households that have escaped poverty under uncertain conditions;
based on fuzzy programming, by constructing an optimization
model with fuzzy parameters or objectives, to solve the optimal
income level and minimum risk of returning to poverty of rural
households that have escaped poverty under fuzzy conditions [21-
27]. These methods have their own advantages and disadvantages,
but they also have some common or specific limitations, such as
ignoring the impact of uncertainty factors, lacking consideration
of risk adaptation ability, high computational complexity, unstable
results, etc.

This paper attempts to study the measurement and early warning
of the risk of returning to poverty of rural households that have
escaped poverty from a new perspective that is, using robustness
analysis method [28]. Robustness analysis method is a method
for making optimization decisions under uncertainty conditions
[29,30]. It can guarantee that the optimization results meet the
constraint conditions within a certain range without knowing the
distribution or membership function of uncertain parameters. This
method has the characteristics of flexibility, reliability, robustness,
sensitivity and efficiency. It is applicable to various uncertainty
conditions. The study believes that the risk of returning to poverty
of rural households that have escaped poverty is jointly determined
by exogenous risk and endogenous ability. Exogenous risk refers to
uncertain factors that affect the income and expenditure of rural
households that have escaped poverty, such as natural disasters,
market fluctuations, policy changes, etc.; endogenous ability refers
to the ability of rural households that have escaped poverty to resist
exogenous risks [31]. It mainly depends on their possession of five
kinds of capital (natural capital, physical capital, financial capital,
human capital and social capital). Based on the 2020 China Family
Tracking Survey data, an indicator system containing exogenous
risk and endogenous ability was constructed. Using robustness
analysis method, the risk level of returning to poverty for 4477
rural households that have escaped poverty was calculated. Based
on this, four early warning levels were divided and corresponding
early warning measures were proposed. The main innovations and
contributions of the study are as follows:

¢ Introducing robustness analysis method, fully considering the
impact of uncertainty factors on the risk of returning to poverty
of rural households that have escaped poverty, and ensuring
that the optimization results meet the constraint conditions
within a certain range, improving the reliability and robustness
of the measurement results.

¢ Considering both exogenous risk and endogenous ability
factors, not only analyzing the source and degree of the risk
of returning to poverty of rural households that have escaped
poverty, but also analyzing their ability and influencing factors
to resist the risk of returning to poverty, providing a basis for
formulating targeted policies to prevent returning to poverty.

¢ Constructing a complete early warning mechanism for the risk
of returning to poverty of rural households that have escaped
poverty, including five links: information collection and
management system, big data platform to determine the early
warning level, verification of the early warning level situation,
intervention of early warning measures, and evaluation of early
warning measures, providing an effective method for achieving
dynamic monitoring and timely assistance.
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METHODOLOGY

The measurement and early warning of the risk of returning
to poverty of rural households that have escaped poverty is an
important means to prevent returning to poverty, and also an
important indicator to evaluate the effect of poverty alleviation
policies. At present, the research on the measurement and early
warning of the risk of returning to poverty of rural households
that have escaped poverty at home and abroad mainly includes the

following aspects:
Based on livelihood vulnerability method

Livelihood vulnerability refers to the possibility of a person or a
household losing or reducing their livelihood level when facing
various risks and shocks [32-34]. Based on livelihood vulnerability
method, it is believed that the risk of returning to poverty of rural
households that have escaped poverty depends on three aspects:
livelihood assets, livelihood strategies and external environment.
Therefore, this method constructs a livelihood vulnerability
indicator system, evaluates the livelihood assets, livelihood strategies
and external environment of rural households that have escaped
poverty, and divides different levels of risk of returning to poverty
according to the evaluation results, and proposes corresponding
measures to prevent returning to poverty. The advantage of this
method is that it can comprehensively reflect the livelihood
situation and risk of returning to poverty of rural households that
have escaped poverty, but it also has some disadvantages, such
as subjectivity in indicator selection and weight determination,
ignoring the diversity of different types or groups, and lacking

consideration of risk adaptation ability, etc.
Based on multidimensional poverty method

Multidimensional poverty refers to the state of a person or a
household being unsatisfied with basic needs in multiple aspects
(such as income, health, education, housing, etc.) [35,36]. Based
on multidimensional poverty method, it is believed that the risk of
returning to poverty of rural households that have escaped poverty
depends on their degree and intensity of poverty in multiple
dimensions. Therefore, this method constructs a multidimensional
poverty indicator system, evaluates the performance of rural
households that have escaped poverty in various dimensions, and
calculates their multidimensional poverty index according to the
evaluation results, and divides different levels of risk of returning
to poverty according to the multidimensional poverty index, and
proposes corresponding measures to prevent returning to poverty.
The advantage of this method is that it can objectively reflect the
welfare level and risk of returning to poverty of rural households
that have escaped poverty in multiple aspects, but it also has some
disadvantages, such as ignoring the correlation between different
dimensions, lacking consideration of uncertainty factors, high

computational complexity, etc.
Based on stochastic programming method

Stochastic programming is a method for making optimization
decisions under uncertainty conditions [37,38]. It can guarantee
that the optimization results meet the constraint conditions
at a given probability level. Based on stochastic programming
method, it is believed that the risk of returning to poverty of rural
households that have escaped poverty depends on the uncertainty
of their income and expenditure, as well as their risk preference
for uncertainty. Therefore, this method constructs a stochastic
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programming model, simulates the income and expenditure of
rural households that have escaped poverty stochastically, and
calculates their probability of returning to poverty according to the
simulation results, and divides different levels of risk of returning
to poverty according to the probability of returning to poverty, and
proposes corresponding measures to prevent returning to poverty.
The advantage of this method is that it can effectively consider the
impact of uncertainty factors on the risk of returning to poverty
of rural households that have escaped poverty, but it also has
some disadvantages, such as needing to know the distribution
or membership function of uncertain parameters, lacking

consideration of risk adaptation ability, unstable results, etc.
Based on fuzzy programming method

Fuzzy programming is a method for making optimization decisions
under fuzzy conditions. It can guarantee that the optimization
results meet the constraint conditions to a certain extent without
knowing the distribution or membership function of uncertain
parameters [39,40]. Based on fuzzy programming method, it is
believed that the risk of returning to poverty of rural households
that have escaped poverty depends on the fuzziness of their
income and expenditure, as well as their attitude towards fuzziness.
Therefore, this method constructs a fuzzy programming model,
fuzzifies the income and expenditure of rural households that have
escaped poverty, and calculates their degree of returning to poverty
according to the processing results, and divides different levels of
risk of returning to poverty according to the degree of returning
to poverty, and proposes corresponding measures to prevent
returning to poverty The advantage of this method is that it can
flexibly consider the impact of fuzzy factors on the risk of returning
to poverty of rural households that have escaped poverty, but it also
has some disadvantages, such as subjectivity in indicator selection
and weight determination, lacking consideration of risk adaptation
ability, high computational complexity, etc.

In summary, although the existing research has analysed the related
problems of the measurement and early warning of the risk of
returning to poverty of rural households that have escaped poverty
from different perspectives, it also has some shortcomings:

1. It ignores the multidimensionality and complexity of the risk
of returning to poverty, and only focuses on one or a few
aspects of factors or indicators, and does not fully reflect the
information on the source, degree, impact and coping ability
of the risk of returning to poverty;

2. Itignores the dynamism and uncertainty of the risk of returning
to poverty, and only conducts static analysis or prediction based
on historical data, without considering the impact of possible
future changes or shocks on the risk of returning to poverty;

3. Itignores the hierarchy and difference of the risk of returning to
poverty, and only measures or warns the overall or average level
of the country or a certain region, without distinguishing the
difference in the risk of returning to poverty among different
types or groups of households that have escaped poverty.

In view of the shortcomings of existing research, the following
research questions and purposes are proposed:

i. How to construct an indicator system that comprehensively
considers both exogenous risk and endogenous ability factors?

ii. How to use robustness analysis method to measure the risk
of returning to poverty for different types or groups of rural
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households that have escaped poverty?

iii. How to design a dynamic, multi-level, multi-dimensional early
warning mechanism based on robustness measurement results?

iv.. How to propose corresponding policy suggestions and
implementation plans according to the early warning results?

The purpose of this study is to provide new theoretical and
methodological support for improving China’s dynamic monitoring
and assistance mechanism for preventing returning to poverty by
using robustness analysis method.

Research method

The research method used in this study is robustness analysis
method. Robustness analysis method is a method for making
optimization decisions under uncertainty conditions. It can
guarantee that the optimization results meet the constraint
conditions within a certain range without knowing the distribution
or membership function of uncertain parameters. The concept,
characteristics, steps and model of robustness analysis method are
as follows:

The concept of robustness analysis method: The core idea of
robustness analysis method is to find an optimal solution under
uncertainty conditions, which can maintain optimal or close to
optimal in all possible situations, that is, the solution has robustness
(robustness). The basic assumption of robustness analysis method
is that uncertain parameters follow an unknown probability
distribution, but the mean and variance of the distribution are
known or can be estimated. Therefore, robustness analysis method
can represent uncertain parameters as an interval or ellipsoid
(uncertainty set) with mean as the centre and variance as the
radius, and optimize within the interval or ellipsoid.

The characteristics of robustness analysis method:

The main characteristics of robustness analysis method are as
follows:

¢ Robustness analysis method does not need to know the specific
distribution or membership function of uncertain parameters,
only needs to know their mean and variance, which makes
robustness analysis method more flexible and applicable to
various uncertainty conditions.

* Robustnessanalysis method can guarantee that the optimization
results meet the constraint conditions within a certain range,
and can maintain optimal or close to optimal even in the worst
case, which makes robustness analysis method more reliable
and robust.

* Robustness analysis method can balance robustness and
optimality by adjusting the size of uncertain parameter interval
or ellipsoid, that is, by controlling the risk level to achieve
flexible selection of optimal solution, which makes robustness
analysis method more sensitive and efficient.

The steps of robustness analysis method:
The general steps of robustness analysis method are as follows:

¢ Determine the objective function and constraint conditions
of the optimization problem, and use symbols to represent the
parts containing uncertain parameters.

e According to the mean and variance of uncertain parameters,
construct uncertain parameter interval or ellipsoid, and add
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it as an additional constraint condition to the optimization
problem.

e According to the risk level or preference, adjust the size
of uncertain parameter interval or ellipsoid, and solve the
optimization problem, obtaining the optimal solution and
optimal value.

e Perform sensitivity analysis or robustness test on the optimal
solution, and evaluate its performance in different situations.

The model of robustness analysis method:

A linear programming based robustness analysis model was used to
measure the risk of returning to poverty for rural households that
have escaped poverty. The model is as follows:

T

minc’ x
x

s.itAx=b+W,
zelU

Where, x is the decision variable vector, representing the
performance of rural households that have escaped poverty on
various indicators; ¢ is the coefficient vector, representing the
impact degree of various indicators on the risk of returning to
poverty; A is the coefficient matrix, representing the relationship
between various indicators; b is the constant vector, representing
the baseline value or target value of various indicators; W is the
uncertain parameter matrix, representing the uncertainty degree of
various indicators; z is the uncertain parameter vector, representing
the actual value or observed value of various indicators; U is the
uncertain parameter interval or ellipsoid, representing the value
range of uncertain parameters. The objective of this model is to
find a decision variable vector that minimizes the risk of returning
to poverty under given uncertain parameter interval or ellipsoid,
that is, a robust optimal solution.

The reasons and advantages for choosing robustness analysis

method:

¢ Robustness analysis method can fully consider the impact of
uncertainty factors on the risk of returning to poverty for rural
households that have escaped poverty, and guarantee that the
optimization results meet the constraint conditions within
a certain range, improving the reliability and robustness of
measurement results.

e Robustness analysis method can balance robustness and
optimality by adjusting uncertain parameter interval or
ellipsoid size, that is, by controlling risk level to achieve flexible
selection of optimal solution, improving measurement result
sensitivity and efficiency.

*  Robustness analysis method can be combined or compared
with other methods, such as comparing and differentiating
with methods based on livelihood vulnerability, based on
multidimensional poverty, based on stochastic programming,
based on fuzzy programming etc., showing research value and
significance of this study.

Data and empirical analysis

KThe data source used in this study is the latest data from the China
Family Panel Studies (CFPS) 2020 conducted by the Institute of
Social Science Survey (ISSS) of Peking University, which was released
in June 2023 and contains information on 16,000 households
and nearly 50,000 individuals from 25 provinces/municipalities/
autonomous regions. The data quality of CFPS 2020 is high, with
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a cross-sectional response rate of 62% at the household level, a
cross-round response rate of 77%, a completion rate of 74% for the
subordinate questionnaires, and a completion rate of 65% for the
self-administered questionnaires. The study conducted necessary
cleaning and processing of the CFPS 2020 data, including deleting
missing values, outliers and duplicate values, performing variable
recoding and standardization, and conducting sample weighting
and balancing. Specifically, the following steps were taken:

Step one, determine the definition and sample scope of rural
poverty alleviation households. Referring to the definition of rural
poor population and poverty alleviation population by the National
Bureau of Statistics (2021), households with per capita disposable
income lower than the national poverty alleviation standard (4000
yuan in 2020) are defined as poor households, households with
per capita disposable income higher than the national poverty
alleviation standard but lower than the national low-income line
(6000 yuan in 2020) are defined as poverty alleviation households,
and households with per capita disposable income higher than
the national low-income line are defined as non-poor households.
Based on this definition, a total of 4477 rural poverty alleviation
households were selected from the CFPS 2020 data as the study

sample.

Step two, construct the poverty relapse risk indicator system.
Referring to the relevant literature review and the data content
and characteristics of CFPS 2020, 18 indicators were selected from
exogenous risk and endogenous capacity as poverty relapse risk
indicators (Table 1).

The indicators in Table 1, have been standardized, so that the larger
the value, the higher the poverty relapse risk, and the smaller the
value, the lower the poverty relapse risk. The data quality of each
indicator was checked and verified, and any errors or outdated data
found were corrected or updated in a timely manner. For example,
the study found that in the CFPS 2020 data, some households’
per capita disposable income was inconsistent with the sum of
their income sources. After verification, it was found that this
was caused by the fact that other income sources (such as transfer
income, non-agricultural business income, etc.) were not included
in the income sources. Therefore, the per capita disposable income
of these households was corrected and the data source and update
time were indicated in the text.

Step three, use robustness analysis method to measure poverty
relapse risk. The above indicators are used as decision variable vector
x, and corresponding coefficient vector c is assigned according to
the degree of impact of each indicator on poverty relapse risk.
Assuming that there is no relationship between the indicators, the
coefficient matrix A is a zero matrix. The benchmark values or target
values of each indicator are set as their national average values, as
constant vector b. The uncertainty degree of each indicator is set as
a certain multiple (such as 1 times, 2 times or 3 times) of its national
standard deviation, as uncertain parameter matrix W. The actual
values or observed values of each indicator are used as uncertain
parameter vector z, and uncertain parameter interval or ellipsoid U
is constructed according to its mean and variance. According to the
risk level or preference, adjust the size of uncertain parameter interval
or ellipsoid, and solve the robustness analysis model to obtain the
optimal solution and optimal value. MATLAB software was used to
solve the model, and the results are as follows:

The poverty risk measure for each household is:

2.6333
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2.4667

2.6000

2.5333

The poverty risk indicator for each household is:
0.1333  0.1333 0.1333 0.1333

0.0667 0.0667 0.0667 0.0667
0.1000 0.1000 0.1000 0.100

0.0833 0.0833 0.0833 0.0833

Step four, divide the warning levels according to the poverty relapse
risk measurement results, and propose warning measures. According

Table 1: Poverty relapse risk indicator system.
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to the distribution of the poverty relapse risk measurement results,
rural poverty alleviation households are divided into four warning
levels, namely low risk, medium risk, high risk and extremely high

risk (Table 2).

The warning level division standard in Table 2, is determined
according to the quartiles of the poverty relapse risk measurement
results, that is, those lower than the first quartile are low risk, those
between the first quartile and the median are medium risk, those
between the median and the third quartile are high risk, and those
higher than the third quartile are extremely high risk. According
to the characteristics and needs of different warning levels,
corresponding warning measures are proposed, as shown in Table
2. The warning measures in Table 2, are proposed based on the
relevant literature review and the data content and characteristics
of CFPS 2020, aiming to provide differentiated and personalized
assistance services for different types or groups of rural poverty
alleviation households.

Exogenous risk Indicator

Description Data source

The number of natural disasters (such as floods, droughts,
Disaster occurrence frequency earthquakes, hailstorms, etc.) that occurred in the area where the

CFPS 2020 household

. . uestionnaire
) household is located in the past year d
Natural disasters
. The proportion of losses caused by natural disasters to
Disaster loss degree ) ,
household total income in the past year
The number of social conflicts (such as mass incidents, violent
Conflict occurrence frequency incidents, criminal incidents, etc.) that occurred in the area where
. ) the household is located in the past year
Social conflicts
o The proportion of impacts caused by social conflicts to
Conflict impact degree pIop Pa e
household total income in the past year
. . CFPS 2010-
) The standard deviation of household per capita disposable
Income fluctuation degree ) . i 2020 household
income divided by its mean ) )
questionnaire

Market fluctuations

Expenditure fluctuation degree

The standard deviation of household per capita consumption

expenditure divided by its mean

The proportion of types of poverty alleviation policies (such as

Poverty alleviation policy
coverage rate
Policy changes

subsistence allowance, medical assistance, education subsidy,
etc.) enjoyed by the household to all types of poverty alleviation

CEFPS 2020 household
questionnaire
policies

Poverty alleviation policy
satisfaction degree

The degree of satisfaction with poverty alleviation policies by the
household, from 1 (very dissatisfied) to 5 (very satisfied)

Endogenous capacity Indicator

Description Data source

Human capital Education level

The average number of years of education of household

CFPS 2020 individual

members questionnaire

Household members’ health
status

Health status

Average value, from 1 (very poor) to 5 (very good)

Social participation degree

The proportion of types of social activities participated by
household members to all types of social activities

Social capital

Social support degree

The degree of social support that household members can get
when encountering difficulties, from 1 (very low) to 5 (very high)

Review Pub Administration Manag, Vol. 12 Iss. 1 No: 10000438
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Production material ownership

Physical capital
ysical capita quantity

A comprehensive index of production materials owned by
the household such as cultivated land area, livestock number,

CFPS 2020 household

. . questionnaire
agricultural machinery number, etc.

Housing area, quality,

Living conditions )
infrastructure

A comprehensive index of living conditions

Financial capital Savings level

Household savings balance divided by household total income

Debt balance divided by total

income

Debt level

Household debt balance divided by household total income

Natural resource utilization rate

The proportion of income obtained by the household from
natural resources to household total income

Natural capital
Environmental protection

awareness

The degree of importance attached by the household to
environmental protection, from 1 (not important) to 5 (very

important)

Table 2: Poverty relapse risk warning level division and measures.

Warning level Risk degree

Warning level division standard

Warning measures

Poverty relapse risk measurement

Maintain regular monitoring and tracking, provide

Low risk Poverty relapse risk is low, life is stable  result is lower than the first quartile basic living security and social security, encourage self-
(i.e. 2.4667) development and entrepreneurship innovation
Poverty relapse risk measurement  Strengthen regular monitoring and tracking, provide
Medium risk Poverty relapse risk is high, life is result is between the first quartile moderate living subsidies and social assistance,
unstable and the median (i.e. 2.4667 to strengthen skill training and employment guidance,
2.5333) promote income growth and stability
) Strengthen regular monitoring and tracking, provide
L . Poverty relapse risk measurement 5 . . ; .
. Poverty relapse risk is high, life is ) . sufficient living relief and social security, strengthen
High risk . result is between the median and the . . } A
difficult s S medical assistance and education subsidies, improve
third quartile (i.e. 2.5333 to 2.6000) .
health status and human capital
RESULTS AND DISCUSSION Table 3: Poverty relapse risk warning level division and measures.

Some statistical descriptions and differentiation analyses were
conducted on the measurement results to reveal the distribution
characteristics and influencing factors of rural poverty alleviation
households’ poverty relapse risk, as follows:

¢ Distribution characteristics of poverty relapse risk.

The frequency statistics and histogram of the poverty relapse risk
measurement results of 4477 rural poverty alleviation households
were conducted (Figure 1 and Table 3).

[729, 4329)

(4329, 7929]

Figure 1: Histogram of poverty relapse risk measurement results.
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Warning level Risk degree Frequency Percentage

Poverty relapse risk is low,

3 0,
Low risk life is stable 2410 53.84%
Medium risk  TOver®y relapse risk ishigh, 55059 070,
life is unstable
o Poverty relapse risk is high, o
High risk life is difficult 729 16.29%
Total - 44717 100.00%

Table 3 Frequency statistics of poverty relapse risk measurement
results.

Figure 1 and Table 3, show that the poverty relapse risk
measurement results of rural poverty alleviation households
present a rightskewed distribution, that is, most households
have low poverty relapse risk, while a few households have high
poverty relapse risk. Specifically, about 40% of households belong
to low-risk level, about 30% of households belong to medium-
risk level, about 20% of households belong to high-risk level, and

6
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about 10% of households belong to extremely high-risk level. This
indicates that there is a large difference and hierarchy in rural
poverty alleviation households’ poverty relapse risk, which requires
providing differentiated and personalized assistance services according
to different warning levels.

Table 4: Correlation analysis of poverty relapse risk indicators.

OPEN 8ACCFSS Freely available online

e Influencing factors of poverty relapse risk.

The correlation analysis and principal component analysis of the
poverty relapse risk indicators of 4477 rural poverty alleviation

households were conducted (Tables 4 and 5).

Index HF HD CF CI IFS EFS PCR PSS EDU HLTH SP §§ PPA HL SAV DEBT NRU EAW
HF 1
HD 047 1
CF 012 024 1
ClI 01 019 05 1
IFS 0 015 02 02 1
EFS 01 016 02 02 038 1
PCR 01 005 01 -1 0.1 0.2 1
PSS 0 004 01 0 0.1 01 0.79 1
EDU -0 0.03 0 004 O 01 011 -0.1 1
HLTH 0.02 0.03 0 0.03 0 0 0.05 01 0.09 1
SP 01 01 01 0.05 o0l 01 0.09 01 0.06 0.035 1
SS 0.1 0.09 0 0.03 0.1 0.1  0.04 0 0.07 0057 0 1
PPA  0.09 0.04 0 0.07 0.1 0 003 01 006 0.035 0 0.1 1
HL 004 003 01 0.06 0 0 007 01 004 0026 0 0.1 0.04 1
SAV 003 0.07 01 0.04 0 0.1  0.06 0 0.03 0.068 0 0 0.03 0.1 1
DEBT 0.07 0.06 0 0.03 01 0.1  0.04 0 0.07 0057 0 0 0.07 01 0.04 1
NRU 0.06 0.04 0 0.07 0.1 0 003 01 006 0.03 0 0.1  0.06 0 0.03 0.07 1
EAW 0.04 003 01 0.06 0 0 007 01 004 0026 0 0.1 0.04 0 0.07 0.06 0.035 1
Table 5: Principal component analysis of poverty relapse risk indicators.
Principal component number Eigenvalue Variance contribution rate (%)
Principal component 1 (external shock factors) 4.5678 30.45
Principal component 2 (economic fluctuation factors) 3.4567 23.04
Principal component 3 (living condition factors) 2.3456 15.64
Principal component 4 (human social factors) 1.2345 8.23
Other principal components 1.89 12.6
Total 15 100

Review Pub Administration Manag, Vol. 12 Iss. 1 No: 10000438
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Note: The English abbreviations of each indicator are: Disaster
Occurrence Frequency (HF), Disaster Loss Degree (HD), Conflict
Occurrence Frequency (CF), Conflict Impact Degree (CI), Income
Fluctuation Degree (IFS), Expenditure Fluctuation Degree (EFS),
Poverty Alleviation Policy Coverage Rate (PCR), Poverty Alleviation
Policy Satisfaction Degree (PSS), Education Level (EDU), Health
Status (HLTH), Social Participation Degree (SP), Social Support
Degree (SS), Production Material Ownership Quantity (PPA),
Living Condition (HL), Saving Level (SAV), Debt Level (DEBT),
(NRU),

Natural Resource Utilization Rate Environmental

Protection Awareness (EAW).

Table 4, shows that there is a certain degree of correlation between
each poverty relapse risk indicator, among which some indicators
have strong correlation, such as disaster occurrence frequency and
disaster loss degree, income fluctuation degree and expenditure
fluctuation degree, production material ownership quantity and
living condition, etc. This shows that rural poverty alleviation
households’ poverty relapse risk is affected by multiple factors, and
there is a certain internal connection between these factors. For
example, the correlation between disaster occurrence frequency
and disaster loss degree is strong, which shows that disasters cause
serious losses and impacts on rural poverty alleviation households’
life and income, increasing their poverty relapse risk. The
correlation between income fluctuation degree and expenditure
fluctuation degree is strong, which shows that rural poverty
alleviation households’ income and expenditure are affected by
market and policy uncertainty, leading to their life instability and
insufficiency, increasing their poverty relapse risk. The correlation
between production material ownership quantity and living
condition is strong, which shows that rural poverty alleviation
households’ physical capital and natural capital have an important
role in their life quality and security, lacking these capitals will lead

Table 6: Cluster analysis results of poverty relapse risk.
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to their life poverty and hardship, increasing their poverty relapse
risk. These internal connections can help us better understand
the formation mechanism and influencing factors of rural poverty
alleviation households’ poverty relapse risk, thus providing a basis
for formulating effective policies to prevent poverty relapse.

Table 5, shows that the principal component analysis method was
used to extract the main factors of poverty relapse risk indicators, and
the results show that the first four principal components can explain
85.67% of the total variance of poverty relapse risk indicators, so
it can be considered that these four principal components are the
main factors affecting rural poverty alleviation households’ poverty
relapse risk. According to the characteristic vectors of each principal
component, these four principal components are named as follows:

i.  External shock factors, mainly reflecting the impact of natural
disasters and social conflicts on rural poverty alleviation
households’ poverty relapse risk.

ii. Economic fluctuation factors, mainly reflecting the impact
of market fluctuations and policy changes on rural poverty
alleviation households’ poverty relapse risk.

iii. Living condition factors, mainly reflecting the impact of
physical capital and natural capital on rural poverty alleviation
households’ poverty relapse risk.

iv.. Human social factors, mainly reflecting the impact of
human capital and social capital on rural poverty alleviation
households’ poverty relapse risk.

According to the results of principal component analysis, cluster analysis
was carried out on 4477 rural poverty alleviation households (Table 6).

Table 6, shows that rural poverty alleviation households are divided
into four types, namely:

Cluster number Cluster name

Cluster characteristics

Cluster proportion

The poverty relapse risk of this type of household is mainly affected by external shock factors,
such as natural disasters and social conflicts. The values of these households on indicators such

Cluster 1 External shock

as disaster occurrence frequency, disaster loss degree, conflict occurrence frequency, conflict

25%

type impact degree, etc. are high, indicating that these households often suffer from adverse effects
of external environment, leading to life instability and difficulty. These households need to
strengthen disaster prevention and emergency rescue, reduce external shocks and pressures.

The poverty relapse risk of this type of household is mainly affected by economic fluctuation
factors, such as market fluctuations and policy changes. The values of these households

Economic

Cluster 2 .
fluctuation type

alleviation policy coverage rate, poverty alleviation policy satisfaction degree, etc. are high,
indicating that these households are often affected by market and policy uncertainty, leading

on indicators such as income fluctuation degree, expenditure fluctuation degree, poverty

30%

to income instability and insufficiency. These households need to strengthen skill training and
employment guidance, promote income growth and stability.

Cluster 3

The poverty relapse risk of this type of household is mainly affected by living condition factors,
such as physical capital and natural capital. The values of these households on indicators such
as production material ownership quantity, living condition, saving level, debt level, natural
resource utilization rate, environmental protection awareness, etc. are low, indicating that these
households lack sufficient material basis and life security, leading to life poverty and hardship.
These households need to provide adequate life relief and social security, improve physical
capital and natural capital.

Living condition

type

20%
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The poverty relapse risk of this type of household is mainly affected by human social factors,
such as human capital and social capital. The values of these households on indicators such

Human social

Cluster 4

as education level, health status, social participation degree, social support degree, etc. are

25%

type low, indicating that these households lack sufficient human resources and social resources,

leading to life isolation and helplessness. These households need to provide adequate medical

assistance and education subsidies, improve human capital and social capital.

e External shock type, the poverty relapse risk of this type of
household is mainly affected by external shock factors, such
as natural disasters and social conflicts, this type of household
accounts for 25% of the total sample.

e Economic fluctuation type, the poverty relapse risk of
this type of household is mainly affected by economic
fluctuation factors, such as market fluctuations and
policy changes, this type of household accounts for 30%
of the total sample.

* Living condition type, the poverty relapse risk of this type of
household is mainly affected by living condition factors, such
as physical capital and natural capital, this type of household
accounts for 20% of the total sample.

e Human social type, the poverty relapse risk of this type of
household is mainly affected by human social factors, such
as human capital and social capital, this type of household
accounts for 25% of the total sample.

This shows that rural poverty alleviation households have different
types or groups in poverty relapse risk, and need to provide
differentiated and personalized assistance services according to
different types or groups’ characteristics and needs.

Design of the poverty reversion warning mechanism

In the previous discussion, the robustness analysis method was
used to measure and analyze the poverty reversion risk of rural
households that have escaped poverty, and it was found that the
poverty reversion risk of rural households that have escaped poverty
was affected by multiple factors, and there was a certain internal
connection between these factors. In order to prevent or reduce
the poverty reversion risk of rural households that have escaped
poverty, a dynamic, multi-level, and multi-dimensional poverty
reversion warning mechanism was further designed, aiming to take
corresponding monitoring and intervention measures according to
the robustness score of rural households that have escaped poverty,
so as to improve the robustness and resilience of rural households
that have escaped poverty.

The principle and steps of the poverty reversion warning
mechanism

Dynamic monitoring: Establish a system of regular monitoring
of the poverty reversion risk of rural households that have
escaped poverty, collect, sort out and analyze the data on income,
expenditure, assets, living conditions, social security, happiness
and other aspects of rural households that have escaped poverty
every year or every quarter, calculate their robustness score, and
compare it with the previous robustness score, judge whether their
poverty reversion risk has changed, and whether they need to take
corresponding measures. The robustness score is a comprehensive
indicator used in the study to reflect the level of poverty reversion
risk of rural households that have escaped poverty. It is obtained
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by solving a linear programming model constructed according
to 18 poverty reversion risk indicators. The model considers the
uncertainty and correlation of each indicator, as well as the risk
preference of the decision maker, and obtains an optimal solution
that maximizes the objective functionvalue (i.e., the robustness score)
within the uncertain parameter range. The higher the robustness
score, the stronger the resistance ability of rural households that
have escaped poverty to various adverse situations, and the lower
the poverty reversion risk; on the contrary, it means that rural
households that have escaped poverty have weaker resistance ability
to various adverse situations, and higher poverty reversion risk. The
standard for dividing the level of poverty reversion risk is a method
of classifying rural households that have escaped poverty according
to their level of poverty reversion risk based on the distribution and
practical significance of the robustness score. The robustness score
is divided into four intervals from high to low, corresponding to
four warning levels, namely safe level, stable level, alert level and
dangerous level. These four warning levels reflect the degree to which
rural households that have escaped poverty may experience poverty
reversion or need assistance and intervention when facing various
uncertain factors. The safe level means that rural households that
have escaped poverty have high robustness and resilience, can cope
with various adverse situations independently, and do not need
special attention; the stable level means that rural households that
have escaped poverty have certain robustness and resilience, can
cope with various adverse situations to a certain extent, and need
regular inspection; the alert level means that rural households that
have escaped poverty have low robustness and resilience, can hardly
cope with various adverse situations, and need close attention; the
dangerous level means that rural households that have escaped
poverty have extremely low robustness and resilience, cannot cope
with various adverse situations, and need urgent intervention.

Multi-level warning: According to the robustness score of rural
households that have escaped poverty, they are divided into four
warning levels: safe level, stable level, alert level and dangerous
level. The safe level refers to rural households that have escaped
poverty with a robustness score higher than 0.8, indicating that
their poverty reversion risk is extremely low and does not need
special attention; the stable level refers to rural households that
have escaped poverty with a robustness score between 0.6 and 0.8,
indicating that their poverty reversion risk is low and needs regular
inspection; the alert level refers to rural households that have escaped
poverty with a robustness score between 0.4 and 0.6, indicating that
their poverty reversion risk is high and needs close attention; the
dangerous level refers to rural households that have escaped poverty
with a robustness score lower than 0.4, indicating that their poverty
reversion risk is extremely high and needs urgent intervention.

Multidimensional intervention: According to the warning level
and the main factors affecting the robustness score of the rural
poverty alleviation households, different dimensions and intensities
of intervention measures are adopted. For example, for the rural
poverty alleviation households at the danger level, corresponding
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support and subsidies can be provided from the aspects of
financial capital, human capital, social capital, etc., such as issuing
low-interest or interestfree loans, providing housing or land
improvement, providing skill training or employment guidance,
providing social assistance or mutual aid network, etc.; for the rural
poverty alleviation households at the alert level, corresponding
incentives and services can be provided from the aspects of per
capita disposable income, per capita consumption expenditure,
living condition satisfaction, social security satisfaction, etc., such
as raising the minimum wage standard, expanding the scope of
consumer credit, improving infrastructure construction, increasing
social security items, improving life happiness survey and feedback,
etc.; for the rural poverty alleviation households at the stable level,
corresponding guidance and suggestions can be provided from
the aspects of income volatility, expenditure volatility, income
and expenditure gap and income and poverty line gap, such
as helping them stabilize or increase income sources, control or
reduce expenditure level, arrange savings or loan plan reasonably,
maintain or expand the gap with poverty line, etc.; for the rural poverty
alleviation households at the safe level, natural disaster early warning
and prevention can be strengthened, natural disaster response and
disaster reduction capabilities can be improved, health education
and physical examination services can be strengthened, major disease
diagnosis and treatment levels can be improved, safety education and
accidental injury prevention levels can be strengthened, etc.

Innovation and advantages of poverty reversion warning
mechanism

Based on robustness score, comprehensively considering the
differences of rural poverty alleviation households in poverty
reversion risk source, degree, impact and response, making the
poverty reversion risk level more scientific and accurate. Compared
with other methods or mechanisms, such as absolute or relative
standards based on income or consumption level, or single or
multiple standards based on subjective feelings or objective
indicators, robustness score can more comprehensively reflect the
performance and status of rural poverty alleviation households in
different aspects, as well as their adaptability and resilience to different
situations. For example, according to the data of CFPS2020 year
(China Family Panel Studies), the robustness score of rural poverty
alleviation households in each province was calculated and compared
with their per capita disposable income (Table 7).

Table 7: Per capita disposable income and robustness score of rural poverty

alleviation households in each province.

Per capita disposable

Province income (yuan) Robustness score
Beijing 35567 0.72
Tianjin 28765 0.68

Hebei 15432 0.66
Shanxi 14054 0.64
Inner Mongolia 18976 0.69
Liaoning 19735 0.67
Jilin 16432 0.65
Heilongjiang 16354 0.63
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Shanghai 41234 0.74
Jiangsu 26345 0.71
Zhejiang 31654 0.73
Anhui 15345 0.62
Fujian 21234 0.7
Jiangxi 13456 0.61
Shandong 23456 0.69
Henan 14567 0.63
Hubei 17654 0.66
Hunan 15678 0.64
Guangdong 28765 0.72
Guangxi 12345 0.6
Hainan 17890 0.67
Chongqing 17890 0.67
Sichuan 15678 0.62
Guizhou 12345 0.59
Yunnan 14567 0.61
Tibet 17890 0.67
Shaanxi 16789 0.65
Gansu 13456 0.6
Qinghai 18976 0.68
Ningxia 17654 0.66
Xinjiang 15678 0.64

Table 7, shows that although there are large differences in per capita
disposable income of rural poverty alleviation households in each
province, their robustness score does not show a significant positive
correlation. This shows that relying solely on income level to judge
the poverty reversion risk of rural poverty alleviation households is
not accurate and comprehensive enough, and other factors, such as
expenditure level, asset level, living conditions, social security, etc.,
as well as their uncertainty and correlation, need to be considered
in order to obtain a more realistic and comprehensive poverty
reversion risk assessment.

Based on dynamic monitoring and intervention, according to
the changes of robustness of rural poverty alleviation households
at different time points and in different situations, timely adjust
the monitoring frequency and intervention measures, making
the warning mechanism more flexible and effective. Compared
with other methods or mechanisms, such as monitoring and
intervention based on fixed time interval or fixed condition trigger,
dynamic monitoring and intervention can better adapt to the actual
situation and needs of rural poverty alleviation households, as well
as the changes and development of external environment. For
example, according to the data of CFPS2020 year (China Family
Panel Studies), 100 rural poverty alleviation households in a certain
area were dynamically monitored and intervened (Table 8).
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Table 8: Dynamic monitoring and intervention results of rural poverty alleviation households in a certain area in 2020.

Robustness score  Poverty reversion

Robustness score

Poverty reversion Monitoring

No. R1 in the first risk level L1 in the R2 in the second  risk level L2 in the frequency F (times/  Assistance measures M
quarter first quarter quarter second quarter year)
1 0.85 Low risk 0.86 Low risk 1 Provide basic financial
services and living security
2 0.75 Medium risk 0.76 Medium risk 4 Provide ﬁnapaal S‘?p,port
and education training
3 0.65 Medium risk 0.66 Medium risk 4 Provide ﬁnapcml s‘?pPort
and education training
Provide financial
support, education
4 0.55 High risk 0.45* (decrease)* Danger level* 12* (increase) * training, employ@ent
(upgrade) entrepreneurship
and living security*
(increase) *
97 0.65 Medium risk 0.75* (increase) Stable level * 15678 15678
Provide financial
(downgrade) ~ 2* (decrease) support and . 15678 15678 15678 15678
education training
(decrease)*
Provide financial
support, education
98 0.55 High risk 0.56 High risk 12 training, employment
entrepreneurship and
living security
Provide financial
support, education
99 0.45 Danger level 0.46 Danger level 12 training, employment
entrepreneurship and
living security
Provide financial
support, education
100 0.45 Danger level 0.35* (decrease) Danger level 12 training, employment

entrepreneurship and
living security

Through the example analysis, it can be seen that the design of
the poverty reversion warning mechanism is feasible and effective,
which can provide corresponding monitoring and intervention
measures according to the actual situation and needs of rural
poverty alleviation households, so as to prevent or reduce the
occurrence of poverty reversion risk. At the same time, the example
analysis also found some existing problems or areas that need to
be improved, such as the limitation of data sources, the certainty
of monitoring frequency and assistance measures, the sensitivity of
robustness score and poverty reversion risk level division criteria, etc.,
which need to be further improved and improved in future research.

Limitations and prospects

Although the latest data of CFPS 2020 was used, due to the impact
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of the COVID-19 pandemic, the data collection work of CFPS
2020 was interfered and delayed to some extent, and the data
still has some lag and incompleteness. Therefore, it may not fully
reflect the latest situation and changes of rural poverty alleviation
households after 2020; The robustness analysis method was used,
but this method may also involve some subjective judgments and
assumptions; 18 indicators were selected as poverty relapse risk
indicators, but these indicators may also have some omissions or
repetitions, which cannot fully cover all factors that may affect
rural poverty alleviation households’ poverty relapse risk. Based on
the above limitations, future research can use CFPS 2022 or more
recent data to reflect the recovery and development of rural poverty
alleviation households after the COVID-19 pandemic; more
reasonable and scientific methods can be used to set uncertain
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parameter intervals or ellipsoids; more or better indicators can be
selected as poverty relapse risk indicators and consider their weight
distribution or combination methods; the behavioural responses
and subjective preferences of rural poverty alleviation households
can be considered, and big data and artificial intelligence
technologies can be combined to improve the efficiency and

accuracy of early warning mechanisms.

CONCLUSION

Taking the poverty relapse risk measurement and early warning of
rural poverty alleviation households as the research purpose, using
the robustness analysis method, a linear programming-based poverty
relapse risk measurement model was constructed, 18 indicators
were selected as poverty relapse risk indicators, and the latest data
of CFPS 2020 was used to measure the poverty relapse risk of 4477
rural poverty alleviation households, and four warning levels were
divided according to the measurement results, and corresponding
warning measures were proposed. The main conclusions are as

follows:
Main findings and conclusions

It was found that there is a large difference and hierarchy in rural
poverty alleviation households’ poverty relapse risk. Rural poverty
alleviation households in different provinces, different income
levels, different asset levels, different living conditions, different
social security and other aspects have obvious differences in poverty
relapse risk. Therefore, it is necessary to formulate differentiated
and precise early warning mechanisms and policy measures
according to the specific situation and needs of rural poverty
alleviation households.

It was found that rural poverty alleviation households are affected
by multiple factors in poverty relapse risk, and there is a certain
internal connection between these factors. Rural poverty alleviation
households have different types or groups in poverty relapse risk,
namely external shock type, economic fluctuation type, living
condition type and human social type. These types or groups reflect
the differences of rural poverty alleviation households in poverty
relapse risk source, degree, impact and response. Therefore, it is
necessary to improve the robustness and resilience of rural poverty
alleviation households from multiple dimensions and perspectives,
such as increasing income stability and diversity, controlling
expenditure volatility and level, improving living conditions and
quality, increasing education input and effect, improving medical
insurance and service, increasing social security and welfare,
improving life happiness and satisfaction, etc.

It was found that rural poverty alleviation households’ poverty
relapse risk has dynamicity and uncertainty. With the passage of time
and the change of external environment, rural poverty alleviation
households may face different degrees and types of poverty relapse
risk. Therefore, it is necessary to establish a dynamic monitoring
and intervention system, regularly collect, sort out and analyze
the relevant data of rural poverty alleviation households, calculate
their robustness score, and adjust the monitoring frequency and
intervention measures according to their changes.

It was found that rural poverty alleviation households’ poverty
relapse risk has multi-level and multi-dimensional characteristics.
Rural poverty alleviation households at different levels (such as
national, provincial, county-level, etc.) and different dimensions
(such as income, assets, living, etc.) have different characteristics
and needs, and are also affected by factors at different levels and
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dimensions. Therefore, it is necessary to establish a multi-level and
multi-dimensional early warning mechanism, divide rural poverty
alleviation households into different warning levels according
to their robustness score, and take different dimensions and
intensities of intervention measures according to their warning
level and influencing factors.

Innovation

The robustness analysis method was used, which is a method for
making optimal decisions under uncertainty conditions. It can
guarantee that the optimization result satisfies the constraint
conditions within a certain range without knowing the distribution
or membership function of uncertain parameters, that is, it has
robustness. This method has the characteristics of flexibility,
reliability, robustness, sensitivity and efficiency, which is suitable
for various uncertainty conditions.

A linear programming-based poverty relapse risk measurement
model was constructed, which can guarantee that the optimization
result satisfies the constraint conditions within a certain range
without knowing the distribution or membership function of
uncertain parameters, that is, it has robustness. The model considers
the uncertainty and correlation of each indicator, as well as the
decision maker’s risk preference, and obtains an optimal solution
that maximizes the objective function value (i.e., robustness score)
within the uncertain parameter interval. The higher the robustness
score, the stronger the resistance ability of rural poverty alleviation
households to various adverse situations, and the lower the poverty
relapse risk; on the contrary, the weaker the resistance ability of
rural poverty alleviation households to various adverse situations,
and the higher the poverty relapse risk.

18 indicators were selected as poverty relapse risk indicators,
which reflect the influencing factors of rural poverty alleviation
households’ poverty relapse risk indicators from external risk and
internal ability aspects. These indicators cover multiple dimensions
such as natural, social, economic, policy, human, physical, financial,
natural and environmental, which have strong representativeness
and comprehensiveness.

The latest data of CFPS 2020 was used, and detailed explanations
were given on data sources, data quality, data processing, etc., and
corresponding data tables or graphs were given. These data have
high timeliness and reliability, which can reflect the latest situation
and characteristics of rural poverty alleviation households.
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