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The climate conditions in different regions of China are different, resulting in uneven climate
resources owned by residents. It is important to design a comprehensive evaluation
method to measure the multidimensional relative poverty (MRP) status and differences in
rural areas considering climate factors from the micro-level. With adults as the research
object, imitating multidimensional poverty index (MPI) and other indexes, and referring to
the relative poverty lines in Britain, Australia, and other countries, this study considers the
housing sunshine level and air quality of the living environment, which can reflect the
superposition of economy and climate, in the dimension of human settlements
environment, and establishes an indicator system of MRP in rural China. Using the
Chinese General Social Survey data in 2018 and the A-F method to measure the
indicator poverty rate, multidimensional relative poverty index (MRPI), and indicator
contribution rate, this study evaluates the MRP in rural China including climate factors.
The results show that the poverty rate of sunshine level and air quality indicator in North
Chinais the highest in China, and the MRPI is the lowest. In North China, the sunshine level
and air quality indicator poverty rate are 17.47% and 53.01%, respectively. MRPI under K
= 1 standard is 0.1182. It shows that the indicator system can identify the typical
phenomenon that highly industrialized economic development may negatively affect the
environment. MRP alleviation should focus on coordinated governance of the economy,
education, health, and the human settlements, we should establish a climate emergency
plan for joint prevention and control with the meteorological department, set afforestation
protection areas, set climate-related building standards such as sunshine times of rural
houses, and improve and upgrade the energy use in rural areas to achieve the harmonious
development of the society, economy, and environment and the high-quality life pursued
by rural residents.
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1 INTRODUCTION

The Chinese mainland is vast, located in the northern
hemisphere, with a wide latitude of coastline. Moreover, the
terrain is different in height and topography; the combination
of sunshine, air temperature, precipitation, and air circulation is
diverse. For China’s rural areas, sunshine conditions, as a climatic
factor, affect all aspects of farmers’ production and life, such as
physical health, food crop cultivation, and household income
from agricultural production and operation. The sunshine
resources of rural residents are differentiated in the whole
country. Compared with rural residents living in the South or
the plains, those in northern China or mountainous areas can
enjoy relatively fewer sunshine resources. Moreover, there are
differences in the spatial distribution of traditional leading
industries in different regions of the Chinese mainland, and
the degree of pollution such as fog and haze in the local
environment also varies (Luo and Li, 2018). The air pollution
represented by haze has varying degrees of impact on the local
living environment, including air quality and sunshine level, and
exacerbated the inequality of climate resources owned by
residents in different regions. Therefore, poverty research

needs to consider climate factors to reveal the
multidimensional poverty differences including climate
resources.

After the elimination of absolute poverty in China in 2020, the
focus of poverty research will shift from relative poverty in a
single economic dimension to multidimensional relative poverty
(Pan and Yan, 2020; Wang and Feng, 2020; Zhong and Lin, 2020;
Wang and Sun, 2021), the abbreviation of multidimensional
relative poverty for the latter is MRP. Existing MRP studies
focus on the economy, education, health, or living standards,
and pay little attention to climatic factors such as sunshine, as well
as cannot identify some MRP populations affected by climate.
Therefore, it is necessary to change the previous method of
measuring poverty with a single income indicator and
consider climate factors in the identification, measurement,
and governance of MRP.

The poverty status of rural family members is not
“homogeneous” (Wu et al, 2013), There are significant
differences in the degree, depth, and duration of poverty
among the elderly, adults, and minors (Xiong and Song,
2018). The most accurate poverty identification, measurement,
and governance should be detailed from the family to the
individual level. First of all, according to China’s census data,
China’s rural population at the end of 2018, 2019, and 2020 was
541.08, 525.82 and 509.79 million respectively, And the
population aged 15-64 accounted for 68.6% of the total
population in 2020. The proportion of the population aged
20-59 in 2018 and 2019 was 60.17% and 59.97%, respectively.
The number of rural adults aged 19-59 is not only large but also a
high proportion. Rural adults are the core group of primary
concern in poverty research. Secondly, most of the existing
micro-recognition objects of rural poverty are families (Liu
and Wang, 2020; Pan and Yan, 2020; Wang and Feng, 2020),
and a few are refined to adult male or female individuals (Chen,
2020; Wang and Liu, 2020; Zhang, 2020), or special groups of
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adults, such as migrant workers (Yang and Zhuang, 2021). Taking
family as the object of identification can only indirectly represent
the poverty status of adults. The poverty status of the adult
population cannot be fully presented if males or females or
specific adults are identified. And lastly, adults’ income is the
main source of the family economy, and their development
reflects the MRP status of the entire family to a certain extent.
Therefore, taking adult individuals as the poverty identification
object can identify and measure the inequality within rural
families, and refine the existing MRP measurement scheme as
the main poverty identification object. Referring to the age
definition of adults and elderly groups in Chinese laws, adults
in this paper are defined as those whose age is greater than or
equal to 18 years old and less than or equal to 59 years old.
Imitating the multi-dimensional poverty index (MPI) and
other indexes, and referring to the relative poverty
measurement schemes of China, the UK, and Australia, this
paper attempts to use the latest 2018 survey data of the
Chinese General Social Survey (the abbreviation for the latter
is CGSS) to build an indicator system for rural adult MRP
measurement based on the individual level. Moreover, it aims
to compare and analyze the status and characteristics of rural
adult MRP, find out the key indicators that lead to the MRP of
rural adults, and provide a theoretical basis for improving the

policy.

2 LITERATURE REVIEW AND
THEORETICAL BASIS

2.1 Literature Review

Most of the existing academic research about climate poverty
focuses on the climate’s impact on poverty (Leichenko and Silva,
2014; Hallegatte and Rozenberg, 2017; Barbier and Hochard,
2018). Haines and Ebi (2019) found that climate change has an
adverse impact on human health and health systems. Climate
change will also affect household income. Arouri et al. (2015)
used fixed-effect regression to estimate the impact of natural
disasters on the welfare and poverty of rural households in
Vietnam and found three types of disasters, including storms,
floods, and droughts, had negative impacts on household income
and expenditure. In addition, some scholars have studied the
impact of climate change on migration (Cattaneo and Peri, 2016;
Marotzke et al., 2020), food production (Ahmed et al., 2011;
Tigchelaar et al,, 2018), and labor productivity (Burke et al,
2015).

Sen’s (1999) feasible capability theory states that poverty needs
to be measured from the aspects of individual feasible capability
as well as freedom, including health, education, public service,
spirit, and other dimensions, which instill a theoretical
foundation  for  integrating  climate  factors into
multidimensional poverty research. After this, the international
research on multidimensional poverty paid more attention to
individual development and subjective feelings and emphasized
the importance of the living environment. Currently, the
multidimensional poverty of families or individuals at the
micro-level is mostly studied by combining non-monetary
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indicators such as education, health, and living environment with
monetary indicators such as the economy (Alkire and Apablaza,
2016; Chen et al., 2017; He et al., 2017; Pérez-Cirera et al., 2017; Li
S. et al, 2020; OPHI, 2020). The multidimensional poverty
indicator system in some studies considered climate factors.
Kahlan et al. (2021) set up a climate-related indicator system
including “disaster preparedness” and “people affected by
drought” to measure the multi-dimensional poverty of Iranian
families. Zhang et al. (2019) considered China’s photovoltaic
poverty alleviation areas as the object and included sunshine time
and other indicators in the identification scope of
multidimensional poverty. Yin et al. (2017) took into account
the climate-related index of natural disasters in the
multidimensional poverty indicator system of remote poverty
alleviation and relocated families in China. Zhou et al. (2021)
considered 124,000 poverty-stricken villages identified by China’s
targeted poverty alleviation at the end of 2013 as the research
object, and selected climate-related indicators such as
temperature change, precipitation change, and natural
disasters to measure multi-dimensional poverty in villages.

After China eliminated absolute poverty in 2020,
multidimensional poverty was transformed into MRP. Xu
et al. (2021) selected climate-related indicators such as
precipitation and used counties of 31  provinces
(municipalities) in China as the research object to measure the
MRP at the macro level. Wei and Zhang (2021) set a disaster area
indicator reflecting climate factors to measure MRP in Rural
Areas of China.

Generally, the existing research began to include some climate
factors in the identification and measurement of
multidimensional poverty but it was mainly aimed at special
scenarios such as disasters and photovoltaics, and there is a lack of
poverty research in normalized scenarios. Few articles directly
consider normal climate indicators such as sunshine and air
quality when constructing a multidimensional relative poverty
index, the abbreviation of multidimensional relative poverty
index for the latter is MRPL The research objects include
counties or villages at the macro level and families at the
micro level, which are not detailed at the individual level.
Therefore, based on the existing academic achievements, this
paper considers rural adults as the research object, integrates
climate factors into the MRP indicator system, and considers the
normalized living environment after the superposition of the
economy and climate as the scenario to measure and reveal the
MRP status and regional differences of Chinese rural adults under
the joint action of economy and climate.

2.2 Theoretical Basis

As the literature review shows, the theoretical analysis of the
formation mechanism of MRP in Rural China is fragmented at
present. However, the mechanism of MRP among rural adults in
China can be sorted out from existing literature. The existing
literature on MRP four dimensions: economic,
education, human settlements, and health. Among them,
capital scarcity and low investment efficiency are important
causes of economic poverty in China’s rural areas (Huang
et al, 2016). An income gap in the process of economic

involves
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growth also leads to economic poverty in China’s rural
families (He, 2018). The formation of educational poverty is
caused by the low level of human capital (Cheng et al., 2016), the
uncertainty of the return on education investment (Gustafsson
and Li, 2004), and the unequal distribution of education resources
(He, 2018). Sunshine level, air pollution (Duan and Wang, 2020),
geographical location of housing, and other factors together lead
to poverty in China’s rural human settlements (Zhang and Jin,
2006). The reason why climate factors should be considered in the
dimension of human settlements is that a livable environment
cannot be separated from clean air, sufficient sunshine,
appropriate temperature and humidity, and other factors
closely related to climate. The temperature and humidity of
the living environment largely depend on the sunshine level.
China’s “Urban Residential District Planning and Design
Standard” clearly stipulates that the sunshine time of houses
shall not be less than 1 hour. In addition, a high-quality living
environment also needs clean air. In terms of health poverty, the
unequal distribution of medical resources in rural China and the
lack of health knowledge among rural residents lead to health
poverty (He, 2018; Wang and Liu, 2019).

The MRP of rural adults in China is dynamic, which is mainly
manifested in three aspects: time, region, and population. In
terms of time, the MRP of rural adults in China changes over
time. In terms of regions, China can be divided into seven regions:
Northeast, North, Northwest, East, Central, South, and
Southwest. The MRP of these seven regions not only varies
but also changes. In terms of population, the poverty degree of
the MRP population will change. If the MRP degree of rural
adults increases, the non-poverty population may change into an
MRP population. If the MRP of rural adults in China is alleviated,
the MRP population will be transformed into a non-poverty
population.

3 MRP IDENTIFICATION STANDARD OF
CHINESE RURAL ADULTS CONSIDERING
CLIMATE FACTORS

Sen (1999) believes that poverty not only needs to be considered
from economic dimensions such as income but also needs to find
out whether people’s capability is deprived. Therefore, the
cognition of poverty needs to be increased from a single
“income” dimension to a multidimensional dimension such as
education opportunities and health level, which also requires that
poverty measurement methods adapt to the needs of multi-
dimensional measurement. The World Development Report
released by the World Bank in 2000 defines poverty as the
deprivation of welfare. Poverty not only refers to material
deprivation but also includes low levels of education and
health. People gradually realize that poverty is a complex and
comprehensive social phenomenon, in addition to income,
poverty also involves the lack of multiple dimensions such as
education, health, housing, and public goods (Ding, 2014).
China’s poverty alleviation standard for the poor is “Two
Assurances and Three Guarantees, that is, assured food and
clothing, and guaranteed education, medical treatment, and
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housing. By 2020, China eliminated the population in absolute
poverty, and the basic needs such as food, clothing, education,
medical treatment, and housing of rural residents have been
guaranteed. The expectations of rural residents for a better life are
diversified, multi-level, and multifaceted: rural residents are
looking forward to better education, more satisfactory income,
higher level of medical and health services, more comfortable
living conditions, more beautiful environment, and higher quality
living environment. Therefore, along with the dimensions of
economy, health, and education, this paper also adds human
settlements including climate factors to more comprehensively
evaluate the MRP status of rural adults in China.

3.1 Economic Dimension

Based on the simple and easy to operate income proportion
method first proposed by Townsend (1979), the EU, OECD, and
other regional, international organizations and countries
generally set the identification standard of relative poverty as a
proportion of average income or median income in practice (Li
et al., 2021). Taking high-income countries such as the UK and
Australia as examples, the relative poverty standard adopted by
the UK is 60% of the median income (JRF, 2020), and that by
Australia is 50% and 60% of the median household disposable
income (Davidson et al., 2018). Most Chinese scholars believe
that the relative poverty line of income should be set to be 40%,
50%, or 60% of the median per capita income (Shen and Li, 2020;
Zhang and Duan, 2020). The proportion of median income
adopted as the identification standard of relative poverty
depends on a country’s income level and the government’s
willingness to alleviate relative poverty; for China, the problem
of unbalanced and insufficient development is serious, and the
per capita income level lags behind that of high-income countries.
Therefore, we cannot directly learn from the identification criteria
in high-income countries; after the absolute poverty standard is
changed to the relative poverty standard, to alleviate its impact on
the poverty alleviation policy, it is reasonable to use the median
income of 40% as the relative poverty standard (Li X. H. et al,
2020). Considering China’s actual and international experience,
this paper selects the median per capita income of 40% of
households as the income poverty line of the economic
dimension. If the per capita income of households is less than
the poverty line, it is assigned as 1, which is in the state of poverty,
otherwise, it is 0, which indicates non-poverty.

3.2 Health Dimension

Health itself, as a kind of capital, is both a kind of wealth and an
investment product (Wang and Liu, 2006). Having a healthy body
can bring more social opportunities, and the level of health has a
direct impact on individual labor productivity and social labor
productivity. Disease itself not only affects income but also
reduces the quality of life of patients, leading to poverty, the
afflicted having less capital, and fewer development
opportunities. In this paper, the self-rated physical health and
the number of hospitalizations for illness with better data
availability are selected to comprehensively reflect adults’
health. The self-rated health indicator reflects the perceptual
evaluation of rural adults, and the number of hospitalizations
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reflects their health status. If the self-rated body is significantly
unhealthy or relatively unhealthy, the value is 1. If it is relatively
healthy or significantly healthy, the value is 0. The value for
respondents who have been hospitalized due to illness in the past
12 months is 1, otherwise, it is 0.

3.3 Education Dimension

Education plays an obvious role in expanding individual
social opportunities and is also an important way to
accumulate cultural capital. The higher the level of
education, the more likely individuals are to move to the
upper strata of society; On the contrary, the lower the level of
education, the more likely individuals are to move to the
bottom of society or even fall into relative poverty (Thomas,
2021). As an important labor force in the family, the education
status of rural adults plays an important role in the choice and
development of livelihood strategies for themselves and their
families (He et al., 2019). Therefore, it is also a key dimension
to identify MRP. The education level reflects the self-
development ability of adults. The indicator level below
junior middle school is assigned as 1, otherwise, it is 0. The
frequency of reading books, newspapers, or magazines in free
time can reflect the acquired habit of continuing education.
Hence, if the frequency of reading in free time is daily, or
several times a week, a month, or a year or less, it is assigned as
0, and for people who never read, they are assigned 1.

3.4 Human Settlements

From 2014 to 2022, the first document annually issued by the
Chinese central government mentioned the improvement of
the rural residential environment. The climate-related living
environment includes sunshine, rainfall, temperature, and air
quality. The climatic factors such as rainfall and temperature
are exogenous variables, and most are determined by regional
climatic conditions. However, the sunshine level of the
respondents’ residential houses and the air quality of the
self-rated residential environment are determined by
climatic factors, local economic development level, and
affected by personal decision-making factors such as the
owner’s building site, orientation, and floor. It can better
reflect personal feelings about the sunshine time of
residential houses and the air quality of the living
environment. According to the division of China’s climate
zones and the number of urban permanent residents, the
sunshine time of residential buildings should be more than
two or 3 hours on a cold day and more than 1 hour on the
winter solstice. Considering that the residential population
density in rural areas is much lower than that in cities, and the
sunshine time of houses is more abundant, the average in
winter is less than 2 hours, which is assigned as one and
greater than or equal to 2hours, which is assigned as 0.
Regarding the air quality of the indicator living
environment, if the respondents agree or significantly agree
that the air quality is good, the value is 0; otherwise, the air
quality is poor, and the value is 1. See Table 1 for specific
dimensions and indicator selection, critical values, and
weights.
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TABLE 1 | MRP indicator system of Chinese rural adults considering climate factors.

Measurement of Multidimensional Relative Poverty

Dimension Indicator Criticality and assignment Weights

Economic Per capita household income  Ifless than the median of 40% of the per capita income of households, then it is assigned as 1, otherwise it 1/4

dimension is 0

Health dimension Self-rated health Self-evaluation as significantly unhealthy and relatively unhealthy is assigned as 1, otherwise, it is O 1/8
Number of sick In the past 12 months, the number of hospitalizations due to illness is assigned as 1, otherwise, it is O 1/8
hospitalizations

Education Education level Below junior middle school is assigned as 1, otherwise, it is O 1/8

dimension Frequency of reading in free If never read a book, newspaper, or magazine in the past year, the value is assigned as 1, otherwise, itis O 1/8
time

Human settlements  Housing sunshine level If the average sunshine time of residential houses in winter is less than 2 h then the assigned value is 1, 1/8

otherwise, it is O

Air quality of living environment  If agree or strongly agree that the air quality of the living environment is good then it is assigned as 0, 1/8

otherwise, it is 1

4 MRP MEASUREMENT RESULTS OF
CHINESE RURAL ADULTS CONSIDERING
CLIMATE FACTORS

4.1 Data Sources and Research Methods
This paper adopts CGSS, which covers the survey data from 2003
to 2018, as the main data source for the study of Chinese society.
It is widely used in scientific research, teaching, and government
decision-making. The sunshine time data was added in 2018. In
this paper, the latest data from 2018 were used to obtain a sample
of 1,311 adults in rural China after data cleansing. This article will
further refine the data into seven areas in rural China,
respectively, the Northeast (Heilongjiang Province, Jilin
Province, and Liaoning province), East China (Shanghai
Municipality, Jiangsu Province, Zhejiang Province, Anhui
Province, Fujian Province, Jiangxi Province, Shandong
Province, Taiwan province), North China (Beijing, Tianjin
Municipality, Shanxi Province, Hebei Province, Inner
Mongolia autonomous region), Central China (Henan
Province, Hubei Province, Hunan Province), South China
(Guangdong Province, Guangxi Zhuang Autonomous Region,
Hainan Province, Hong Kong Special Administrative Region,
Macao Special Administrative Region), Southwest China
(Sichuan Province, Guizhou Province, Yunnan Province,
Chongqing Municipality, Tibet Autonomous Region), and
Northwest China (Shaanxi Province, Gansu Province, Qinghai
Province, Ningxia Hui Autonomous Region, Xinjiang Uygur
Autonomous Region). Among them, the database does not
have data for Taiwan Province, Hainan Province, Tibet
autonomous Region, Xinjiang Uygur Autonomous Region, or
the Hong Kong and Macao special administrative regions.

This paper uses the A-F method, which is widely used by the
United Nations and other organizations and many scholars to
calculate multidimensional poverty, to measure the MRP of rural
adults. A-F method includes two Cutoffs, also known as the dual
Cutoff Identification Approach. The first step is to set
multidimensional ~ poverty indicators and corresponding
indicator deprivation critical values. The second step is to
calculate the aggregate deprivation score of an individual and
set the aggregate deprivation critical value. If the aggregate
deprivation score of an individual exceeds this critical value, it
is identified as multidimensional poverty (Alkire and Foster, 2011).

Assuming that the rural individuals are composed of n
individuals, each rural individual investigated is set as y;; at
different indicators. y;; represents the value of individual i on
indicator j, where and j together form the n x d matrix. The
matrix consists of the row vector y, = (i1, iz .- - ¥ia) and
column vector y; = (1), ¥2j>- - - ¥nj)> Where, the row vector is
the poverty status of rural individual i in d indicators, and the
column vector is the investigated status of rural individuals 7 in j
indicators.

Defines a vector z;j (z;>0), this vector is the deprivation
threshold for the y matrix, that is, the poverty line on the j
indicator, and z is the poverty line vector of any indicator. After
the first cut off, the y matrix will evolve into a deprivation matrix
composed of 0 and 1:

_ l,xi]-<zj
9ij = {O,X,‘jZZj (1)

gij = 1 means that when rural individual i is deprived of indicator
j» if gij = 0 means that rural individual i is not deprived of
indicator j. Represents the poverty of individual 7 in indicator j.
Meanwhile, define a column vector ¢; = Z‘j:l gij to represent the
sum of the total number of deprivation indicators undertaken by
the i indicator.

This paper uses the equal-weighted method, to sum up the
deprivation values of various indicators of MRP. Let the weight
vector be w. One element w; is the weight for indicator j. Let
Z?:lw ; = d, that is, the sum of weights of all rural individuals in
the j indicator is equal to d.

K represents the threshold of the indicator, ¢; represents the
sum of the weight of the indicator of deprivation of the individual
i,and compared with the value of K, the identification function p;,
of poverty-deprived individuals after the second cutoff is
obtained.

1,CiZK
pk_{O,Cl'j<K (2)

If p, = 1, individuals are identified as MRP population, and if
pr = 0, individuals are identified as non-MRP population. In
order to obtain the final My (MRPI), let M = u(g(k)) = HA,
where g (k) is a new matrix of non-MRP populations with a value
of 0 in each indicator, and H is the (multidimensional) headcount
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TABLE 2 | Overall indicator poverty rate of Chinese rural adults including climate factors (units: %).

Indicator Per capita household Self-rated Number of sick
income health hospitalizations
China 39.21 64.45 22.12
Northeast 43.86 69.59 27.49
North 23.49 51.81 7.23
Northwest 41.32 69.42 24.79
East 35.94 60.58 12.46
Central 36.71 68.6 28.02
South 38.46 56.41 26.92
Southwest 53.81 72.2 35.43

ratio. If an individual is deprived in more than K indicator, it
belongs to the MRP population. A is the average deprivation
share among the poor.

4.2 Indicators of Poverty Include the Results

of Climate Factors

Table 2 shows the indicator poverty rate of rural adults in
different regions of China calculated according to the MRP
indicator system of rural adults including climate factors. As
seen in the overall indicator poverty rate of China in Table 2, the
education level in the education dimension indicators and the
frequency of reading, newspapers, or magazines in free time show
higher poverty rates, both exceeding 39%. The poverty rate of air
quality in the dimension of human settlements is 28.07%, ranking
third among all seven indicators, but the poverty rate of the
housing sunshine level indicator is low, which is 7.70%. Generally,
the poverty of air quality indicator is prominent in China, while
that of the housing sunshine level indicator is not.

North and Northwest regions of housing sunshine level
indicator poverty rate are over 11%, while other areas of the
housing sunshine level indicator poverty rates are below 9.5%.
Northwest and Southwest air quality of living environment
indicator poverty rates are less than 14.4%, while in the
Central, South, Northeast, and East regions the air quality
of living environment indicator poverty rates is between 24%
and 30.5%, The poverty rate of air quality of the living
environment in the North is 53.01%. Comparing the
indicator poverty rates for the Northeast, East, Central,
South, Southwest, and Northwest with North China shows
that the indicators of air quality and housing sunshine level in
North China are the poorest. The housing sunshine level in
South China and the air quality in Northwest China are the
best. The economy and industry of North China are relatively
developed, with severe haze in winter, and its geographical
location is in the north of China. Therefore, the poverty rate of
housing sunshine level, and air quality indicators in this
region are the highest, but that of economic and
educational indicators is the lowest. The results show that
the MRP including sunshine level and air quality indicators
can reveal the regional poverty difference of human
settlements under the double superposition of climate and
economic factors.

Education Frequency of Housing sunshine Air quality of
level reading level living

in free time environment
16.86 14.42 7.7 28.07
23.98 13.45 4.68 30.41
12.05 7.83 17.47 53.01
31.4 19.01 11.57 11.57
12.46 12.46 5.51 29.57
14.98 17.39 4.35 29.47
6.41 15.38 1.28 24.36
18.83 18.83 9.42 14.35

4.3 MRP Index Including Climate Factors
K =1, 2, or 3 respectively indicate that rural adults have MRP with

more than one dimension, two dimensions, or three dimensions.
The MRP indicator system has four dimensions, and K can be
assigned as 1, 2, or 3. Among them, the K = 1 standard can
identify the MRP population with more than one dimension, two
dimensions, and three dimensions, and the incidence of MRP
under the K = 1 standard is the highest. The K = 2 standard can
identify the MRP population with more than two dimensions and
more than three dimensions, whose incidence of MRP is less than
the MRP rate under the K = 1 standard. The K = 3 standard can
identify the MRP population in more than three dimensions, and
the incidence of MRP under this criterion is the lowest. Table 3
describes the incidence of poverty, average deprivation degree,
and MRPI of rural adults in various regions of China when K =1,
2,and 3. When K = 1, the MRPI for the 7 regions are ranked from
high to low as Southwest, Northeast, Northwest, Central, South,
East, and North China. When K = 2, the MRPI indices for the 7
regions from high to low are Northeast, Northwest, Southwest,
Central, East, South, and North China. When K = 3, only the
Northwest, East, and Southwest regions of MRPI have more than
three dimensions of MRP population, while the incidence of MRP
in other regions is 0.

Comparing the MRP measurement results of China’s overall,
Northeast, East, North, Central, South, Southwest, and Northwest
China in Table 3, we find that there are regional differences in
China’s MRP situation. North China is the richest in the country,
with the lowest MRPI, and the MRP situation in this area is the
least serious, while Southwest China and Northeast China have
higher MRPI under the standard of K = 1, 2, or 3, and show a
relatively serious MRP condition.

4.4 Contribution Rate of MRP Dimension

and Indicator Including Climate Factors

Tables 4, 5 further break down the MRP considering climate
factors to obtain the contribution rates of different dimensions
and indicators of rural adults in China and Northeast, East,
North, Central, South, Southwest, and Northwest China
regarding MRP. By comparing the measurement results of the
contribution rates of different dimensions to MRP in Table 4, it
can be seen that the contribution rates of different dimensions in
China are education, economic, health, and human settlements in
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TABLE 3 | MRP measurement results of Chines rural adults including climate factors.

Measurement of Multidimensional Relative Poverty

K K=1 K=2 K=3

Measured Incidence Average MRPI Incidence Average MRPI Incidence Average MRPI
value of poverty deprivation of poverty deprivation of poverty deprivation

degree degree degree

China 0.3509 0.4864 0.1707 0.0847 0.3367 0.0285 0.0038 0.3000 0.0011
Northeast 0.3801 0.5385 0.2047 0.1579 0.3356 0.0530 0.0000 0.0000 0.0000
North 0.2711 0.4361 0.1182 0.0241 0.3281 0.0079 0.0000 0.0000 0.0000
Northwest 0.4050 0.5026 0.2035 0.1322 0.3359 0.0444 0.0083 0.2917 0.0024
East 0.2638 0.4629 0.1221 0.0522 0.3333 0.0174 0.0058 0.2917 0.0017
Central 0.3865 0.4828 0.1866 0.0821 0.3382 0.0278 0.0000 0.0000 0.0000
South 0.3333 0.4567 0.1522 0.0385 0.3125 0.0120 0.0000 0.0000 0.0000
Southwest 0.4664 0.4988 0.2326 0.1166 0.3438 0.0401 0.0090 0.3125 0.0028

TABLE 4 | Contribution rate of dimensions considering climate factors.

Dimension K-value Economic dimension

China 0.3017
0.3378
0.2778
0.3214
0.3448
0.0000
0.1401
0.2857
0.0000
0.2944
0.3488
0.2857
0.2315
0.2917
0.2857
0.3495
0.3696
0.0000
0.4211
0.4000
0.0000
0.3470
0.3357
0.2667

Northeast

North

Northwest

East

Central

South

Southwest

AARXAAARRRXRAXAAARARARXRAXXRAAARRAXAXAAXRXRAAXRXRXAXAXAXRAXRXRX
I
WM =+ WN = WON = WN = WN = WN = WN = WN =

descending order. By region, under K = 1 and K = 2 standards, the
contribution rate of human settlements dimension in the North is
higher than that of the health dimension, while that of other
regions is lower than that of the health dimension. Under the K =
3 standard, the contribution rate of human settlements’
environment and economic dimensions in the North is 0.
Regarding China as a whole in Table 5, when K = 1, 2, or 3, the
contribution rate of income indicator is the highest, and that of
the housing sunshine level of residential houses and self-rated air
quality indicator are low. In terms of regions, when K = 1, for
Northeast, Northwest, and Southwest regions, frequency of
reading in free time and per capita household income are the
indicators with higher contribution rates, while number of sick
hospitalizations, housing sunshine level, and air quality of living
environment are the indicators with lower contribution rates. For
North China, the indicator contribution rate of education level,

Health dimension

Education dimension Human settlements

0.1822 0.404 0.1123
0.2191 0.3378 0.1054
0.2500 0.2778 0.1944
0.1857 0.3821 0.1107
0.2138 0.3310 0.1104
0.0000 0.0000 0.0000
0.1528 0.4459 0.2611
0.0952 0.3334 0.2857
0.0000 0.0000 0.0000
0.2386 0.3756 0.0914
0.2442 0.3372 0.0698
0.1429 0.2858 0.2858
0.2077 0.4303 0.1305
0.2604 0.3333 0.1146
0.2858 0.2858 0.1429
0.1682 0.3883 0.0939
0.1848 0.3370 0.1087
0.0000 0.0000 0.0000
0.1368 0.3579 0.0842
0.1333 0.4000 0.0667
0.0000 0.0000 0.0000
0.1638 0.4169 0.0722
0.2308 0.3426 0.0909
0.2666 0.2666 0.2000

frequency of reading in free time, and air quality of living
environment is higher, while the contribution rate of the
number of sick hospitalizations is lower. For East China, the
contribution rate of education level, frequency of reading in free
time, and per capita household income is higher, while the
contribution rate of housing sunshine level is lower. For
central China, the contribution rate of frequency of reading in
free time and household per capita household income is higher,
while the contribution rate of housing sunshine level is lower. For
South China, the contribution rates of frequency of reading in free
time and per capita household income are higher, while the
contribution rates of self-rated health and housing sunshine level
are lower.

Regarding regions, different from the other six Chinese
regions, the economically developed North China has higher
indicator contribution rates of sunshine level and air quality in
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TABLE 5 | Contribution rate of indicators considering climate factors.

Measurement of Multidimensional Relative Poverty

Indicator K Per capita Self- Number Education Frequency Housing Air quality

value household rated of sick level of reading sunshine of living
income health hospitalizations in free level environment
time

China K=1 0.3017 0.1034 0.0788 01777 0.2263 0.0324 0.0799
K=2 0.3378 0.1321 0.0870 0.1605 0.1773 0.0368 0.0686
K=3 0.2778 0.1389 0.1111 0.1389 0.1389 0.0833 0.1111

Northeast K=1 0.3214 0.1214 0.0643 0.1750 0.2071 0.0286 0.0821
K=2 0.3448 0.1379 0.0759 0.1517 0.1793 0.0414 0.0690
K=3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

North K=1 0.1401 0.0955 0.0573 0.1720 0.2739 0.0955 0.1656
K=2 0.2857 0.0476 0.0476 0.1429 0.1905 0.0952 0.1905
K=3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Northwest K=1 0.2944 0.1675 0.0711 0.1624 0.2132 0.0457 0.0457
K=2 0.3488 0.1744 0.0698 0.1744 0.1628 0.0349 0.0349
K=3 0.2857 0.1429 0.0000 0.1429 0.1429 0.1429 0.1429

East K=1 0.2315 0.1098 0.0979 0.1929 0.2374 0.0237 0.1068
K=2 0.2917 0.1458 0.1146 0.1458 0.1875 0.0208 0.0938
K=3 0.2857 0.1429 0.1429 0.1429 0.1429 0.0000 0.1429

Central K=1 0.3495 0.0841 0.0841 0.1553 0.2330 0.0065 0.0874
K=2 0.3696 0.1196 0.0652 0.1522 0.1848 0.0000 0.1087
K=3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

South K=1 0.4211 0.0526 0.0842 0.1579 0.2000 0.0105 0.0737
K=2 0.4000 0.0000 0.1333 0.2000 0.2000 0.0000 0.0667
K=3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Southwest K=1 0.3470 0.0843 0.0795 0.1976 0.2193 0.0361 0.0361
K=2 0.3357 0.1259 0.1049 0.1748 0.1678 0.0629 0.0280
K=3 0.2667 0.1333 0.1333 0.1333 0.1333 0.1333 0.0667

the dimension of human settlements than the self-rated health

and the number of sick hospitalizations in the dimension of rich human settlements | y

health. Similar to the results in Table 2, the characteristics of

indicator contribution rate in North China also show that for

economically developed regions in Northern China, MRP

including sunshine level and air quality indicator can measure 1 I

the difference in indicator contribution rate between regions
under the superposition of climate and economy. This further
shows that the sunshine level and self-rated air quality are the
indicators to be selected, and their necessity exceeds the self-rated
health and the number of sick hospitalizations in the health
dimension.

5 RESEARCH CONCLUSION

Relative poverty, which takes climate into account, needs to be
measured in multiple dimensions. The multidimensional poverty
measurement method has achieved good results in China, and the
multidimensional poverty identification and withdrawal criteria
of “Two Assurances and Three Guarantees” in Rural China have
laid a solid foundation for the MRP identification, measurement,
and governance. However, poverty also exists in the dimensions
of health, education, and human settlements. In Table 2, the
poverty rate of the self-rated health indicator in the health
dimension is higher than that of the Per capita Household
income indicator in the economic dimension. For the North
region, the indicator poverty rate of Air quality of living
environment in the dimension of human settlements exceeds

poor economy rich economy

X

[ \Y

poor human settlements

FIGURE 1 | Regional classification of economic climate superposition.

that of Per capita household income. Wang and Feng (2020) also
conclude that China’s relative poverty needs multidimensional
measurement, and suggested that the MRP indicator system
should include human settlements factors.

The housing sunshine level and the air quality indicator of
living environment are the comprehensive embodiment of
people’s micro-climate, economic development, and pollution
degree. As shown in Table 2, the indicator poverty rate of housing
sunshine level in North China is the highest, 17.47%, and that in
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South China is the lowest, 1.28%. The poverty rate of air quality of
living environment indicator in North China is the highest,
53.01%, and the lowest in Northwest China at 11.57%.
Selecting the indicators of the sunshine level and air quality
can measure the regional differences of MRP in China under the
superposition of economic climate.

According to the results of the MRP measure, the Chinese
mainland can be divided into four types. As shown in Figure 1,
the horizontal axis represents the regional economic development
level and the vertical axis represents the quality of regional human
settlements. Region I is an area with a rich economy and human
settlements, region II has a poor economy but rich human
settlements, region III has a poor economy and poor human
settlements, and region IV has a rich economy but poor human
settlements. The poverty and contribution rates of economic
indicators in North China are low; however, the indicator poverty
rate and the contribution rate of the dimension of human settlements
are high. Hence, this area is a typical representative of region IV, being
economically rich but its human settlements poor. Southwest China
is a typical representative of region I with rich human settlements but
a poor economy. The indicator poverty rate and the contribution rate
of the economic dimension are at a high level, but the indicator
poverty rate and the contribution rate of the human settlements
dimension are low. The classification of regions will change with the
changes in regional economic development level and human
settlement. Region Il (economic development level in poverty but
human settlements rich) will change into region | (level of economic
development and human settlements rich) by developing the local
economy, but if the economic development has brought the serious
pollution, the region | will change into region IV (economic
development level rich but human settlements poor).

The measurement results in North China show that the
relevant indicators of climate factors such as housing sunshine
level and air quality can identify the poor people with lack of
sunshine and poor air quality, and measure the regional MRP
difference caused by the superposition of economic climate. The
industrialization and economic level of North China are higher
than the Chinese mainland, but it also brings haze pollution (Li,
2018). This reveals a typical phenomenon of regional social and
economic development: the highly industrialized economic
development may be at the expense of the environment, which
is a “blind spot” of MRP measure and does not consider sunshine
and air factors. This study has made up for this shortcoming.
Therefore, identifying and measuring the poverty in the
dimension of human settlements will help in studying and
formulating targeted governance measures. Some such
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