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Abstract

This paper investigates economic impacts of COVID-19 on households based on differ-
ences in the socio-economic status (SES). We determine the household-level effects of the
COVID-19 shock using income sources, types of industries, communities’ resilience, house-
hold susceptibility, and relevant policy measures. For this purpose, we used primary data of
555 households collected through snowball sampling technique using an online survey
questionnaire from different villages mostly located in Sichuan Province, China. Using step-
wise binary logistic regression analysis, we estimated and validated the model. Results sug-
gest the use of SES as a better measure for understanding the impacts of COVID-19 on dif-
ferent households. We find that households with low SES tend to depend more on farmland
income and transfer payments from the government. Contrarily, high SES households focus
more on business and local employment as sources of income generation. Poor households
were less resilient and more likely to fall back into poverty due to COVID-19, while the oppo-
site stands true for non-poor households with high SES. Based on the estimations, policies
encouraging employment and businesses complemented with loans on lower interest rates
are recommended, which may increase the SES, thus minimizing vulnerability and enhanc-
ing the households’ resilience towards poverty alleviation and economic shocks.

Introduction

Ever since the beginning of 2020, the world economy has been shocked by a new form of coro-
navirus termed as Novel Coronavirus Pneumonia (NCP) or COVID-19 [1]. COVID-19 has
affected the socio-economic conditions throughout the world, especially in the case of develop-
ing economies and poverty. Poor households and households with low socio-economic condi-
tions are suffering the most because of the pandemic. There seems a disparity in the impacts of
COVID-19 at household levels due to differences in the socio-economic indicators of the
households. Therefore, it is necessary to study the effects of external economic shocks on dif-
ferent households and the response of the households to such shocks. The economic factors
may provide a better understanding of the differences in the factors and relevant policy impli-
cations for households.
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The impacts of COVID-19 are diverse and spread across different sectors and regions.
According to estimates of Sumner et al [2]. COVID-19 will impact the poor mostly in the
regions of South Asia, Sub-Saharan Africa, and East Asia. Among Asian nations, China was
also affected by the outbreak and faced various economic downturns in the first two quarters
with lower production and growth rate. According to the national bureau of statistics of
China, the income and consumption trends varied across rural and urban areas. Although the
per capita disposable income of the rural households in the poverty-stricken areas showed a
nominal increase of 2.7%, the real growth rate had decreased by 3.0% after measuring for price
factors influence. In terms of the sources of income, including wages, salaries, and business,
there is a slight increase in the nominal growth while net transfer income increases greatly by
9.2% due to the provision of the government. The net income from property declined by 0.5%
in the first quarter as a result of the shock [3]. Table 1 shows the income trends.

Similarly, Fig 1A and 1B) shows the difference in the per capita disposable income of the
Chinese residents in the first quarter of 2020 compared to the first quarter of 2019. The down-
ward sloping lines clearly depict the decline in the median growth rates. Although there is a
slight increase in the absolute and nominal value 8,561 Yuan, which shows an increase of 0.8%
as compared to 2019; however, in terms of real value after adjusting for price factors, the
income has declined by 3.9%, which can be attributed to the effects of COVID-19 on the
households. For rural households, the actual decrease was 4.7%, which is higher than the
urban areas due to the socio-economic status (SES) of the households in the rural areas.

The decline in the income in the case of the rural and urban areas also influenced the con-
sumption patterns. The overall per consumption expenditure in nominal terms declined by
8.2% and in real terms by 12.5% in the first quarter. The rural and urban nominal and real per
capita consumption expenditures also show downward trends. The real per capita consump-
tion expenditure for rural households has been decreased by 10.7%; in the case of urban house-
holds it is decreased by 13.5% [4]. In the second quarter, the trends are expected to increase
due to the re-opening of the main industries and the resumption of economic activities
throughout China.

Although the spread of COVID-19 has impacted the majority of households in China, it is
observed that some of the households are better-off during the pandemic as compared to the
other households. Similarly, the poverty situation and socio-economic conditions of the
households vary in outcomes and resilience towards external factors like COVID-19, with
some poor and vulnerable households are assumed to have suffered more severely. These dif-
ferences provide an opportunity for understanding why some households are affected insignif-
icantly while others are affected significantly. Economic theories also provide various
frameworks in estimating the effects of shocks on households based on income and consump-
tion levels. Based on a similar assumption, the study of household’s socio-economic status
(SES) for the estimation of the effect of COVID-19 on households may provide comprehensive
and favorable outcomes in this case.

Table 1. Income of rural residents in poor areas in the first quarter of 2020.

Indicator Income Level (Yuan) Nominal Growth Rate (%)
Per Capita Disposable Income 3218 2.7
Income of Wages and Salaries 1192 0.3
Net Business Income 1037 0.1
Net Income from Property 44 -0.5
Net Income from Transfer 945 9.2

Source 1: NBS China [3]

https://doi.org/10.1371/journal.pone.0249270.t001
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Fig 1. Quarterly changes in household income. (A) Median & Absolute Level of income; (B) Median and average
growth rate of income. (Source 2 NBS China [4]).

https://doi.org/10.1371/journal.pone.0249270.9001

As various sectors of the economy are hit hard by COVID-19 but the poor and vulnerable
communities are affected the most. Poor households and people living under poverty are con-
sidered to suffer due to the lockdown and closures of markets and business operations. Most
of these people work on daily wages and may be unemployed with no alternate source of
income. Governments across the world have stepped up relief and provision of subsidies to
their citizens still the challenge for these vulnerable communities to recover hang in the air
even after the pandemic is over [5]. In terms of developing countries, people living in low-
income households face dual misfortunes: income-generating difficulties and vulnerability to
socio-economics crises [6]. Poor households and people who are unprepared to cope with
such shocks seem to be hit hardest by recession, inflation, disease and civil unrest. Similar
trends are observed in terms of the impacts of COVID-19 on communities of different income
groups. On contrary, rich households have greater access and a broader asset base to insurance
and credit services, which will help cushion them against the effects of an external shock [7].
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Thus, vulnerability and resilience of households to shocks or external factors can have diverse
impacts based on the livelihood of the poor and non-poor communities. However, there is still
a gap and dire need to address this issue and come up with a better and sustainable approach
especially designed for protecting and supporting the poor and vulnerable communities.
Based on these observations, it is also essential to understand and study the impacts of the
COVID-19 on the different households and the main causes that highlight the disparities in
the likelihood of the households to be in higher or lower SES level. However, there is still a gap
and dire need to address this issue and come up with a better and sustainable approach espe-
cially designed for protecting and supporting the poor and vulnerable communities. Based on
these observations, it is also important to understand and study the impacts of the COVID-19
on the different households and the main causes that highlight the disparities in the likelihood
of the households to be in higher or lower SES level.

In this paper, we focus on the impact of COVID-19 on the household focusing on the SES
differences in the villages of Sichuan Province of China. Our main objective is to determine
the economics factors of households in response to COVID-19 based on SES differences. We
also check the disparities in the level of resilience towards COVID-19 and households ability
to counter falling under the absolute poverty by assessing the likelihood of the households SES
conditions. The paper can contribute in providing better overview of the dynamics of the vul-
nerable households and suitable responses in fighting against external economic shocks. The
outcomes may contribute in devising specific policies relevant to poor and vulnerable
households.

The outline of the paper follows general rule. After introduction, the paper first summarizes
the literature studies on impacts of pandemics and epidemics on different sectors and commu-
nities followed by vulnerability and resilience. Subsequently, the paper then provides the meth-
odology adopted for estimations, followed by the main findings of the study and discussion on
the output tables. Fnally the paper concludes and recommends policy implications.

Literature review

The differences in the impact of a pandemic or an epidemic based on different aspects of the
human life are evident from both historical and present-day perspectives. Similarly, in terms
of COVID-19, the effects of the outbreak have shown variability across different regions and
conditions of the world. At household level, the effects of the economic shocks have been
adverse in terms of the economic status, resilience, and vulnerability of the households. At
present due to the continuous spread of the virus, there are very few literature works that have
focused on the impacts of COVID-19 shocks on poor household and poverty [8, 9]. Most of
the poor live in developing nations and are more vulnerable to COVID-19 shocks and their
effects on the status of the communities and households. Studies show 14-22 million people
may fall below absolute poverty line due to 1% decline in global GDP [9]. Therefore, it is neces-
sary to analyze the diverse impacts of COVID-19 on the status and livelihoods of different
communities and households.

Socio-economic status

Socio-economic status (SES) of a household is an important factor in signifying the outcomes
related to shocks and vulnerabilities. It can affect the results of an economic phenomenon in
different ways. According to the American Psychological Association, the Socio-economic sta-
tus (SES) is a person or group’s social class or status which is often calculated by combining
education, income and occupation [10]. As stated by Adler & Snibble [11] households with
higher SES have better access to health care, housing, knowledge and nutrition as compared to
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lower SES households. Several research studies have focused on the impacts of different shocks
on households based on the status. Some have highlighted the impacts of economic shocks
such as joblessness or income decline and their effects on the household’s status [12, 13].
While others have argued on the health shocks effects on individuals health and in turn the
productivity of the workers finally leading to decline in income level of the households [14].
There is still very few literature articles related to the impacts of shocks on the socio-economic
status of different households and communities in the developing world.

Some researchers have highlighted the relationship between household status and shocks
[15]. Other researchers argue that the effects of economic shocks on households are greater in
households that are poor due to insufficient income to cushion against the external shock [16].
In terms of effects on communities and household, shocks at village level are usually not con-
sidered to affect the permanent income of the individual households. Others argued that
household consumption declines due to negative shocks that impact the permanent income of
the households [17, 18].

Economists have formalized different form of models for the estimation of household
response towards risks and shocks. Consumption response to income shock is one such model
which focuses on use of combination of consumption, income or wealth in response to shocks
[19, 20]. Kruger and Perii [21] used consumption and wealth as household response towards
the income shock. Nevertheless, the issue of which model fits the household response remains
unclear. For this reason, this paper attempts to use the SES for the estimation purposes as it
present a better proxy and a good indicator of the household’s economic situation.

Vulnerability and resilience

The concepts of vulnerability and resilience are found in various disciplines and subjects. A
body of literature has emerged in the past few decades that have focused on different aspects of
vulnerability. The notion of vulnerability has become an influential theoretical method for
defining the condition of susceptibility to risk, inadequacy, and marginality of both physical
and social institutions, and for influencing normative study of behavior to increase quality of
life through risk mitigation [22]. The term vulnerability, according to the World Bank [23], is
“the likelihood that a shock will result in a decline in well-being”, while some researcher have
described vulnerability as a state of defenselessness and exposure to shocks [24]. This defini-
tion can be further explained that any external shock that can lead to the decline of the liveli-
hood of households including income and other socio-economic factors, determines the
vulnerability of the households.

Some studies focused on presenting evidence of vulnerability by examining the methods
used by rural households in low-income countries to deal with HIV/AIDS [25]. A study by
Ndirangu explores how farm households in rural Kenya react to shocks and the impact on
quality of life of household risk management strategies. The research explores two primary
causes of rural vulnerability: the weather and AIDS. The study shows strategies for coping with
shock includes dependence on collaborative opportunities such as casual loans and gifts [6].
The impact of vulnerability in our case can be assessed and analyzed empirically through the
addition of vulnerability of the households against COVID-19 in the model. We check the vul-
nerability and attributes of it relevant to poor households. By doing, useful understanding and
insights can be obtained that can enable policy makers in formulating better policies to avoid
the risk related to poor households in case of shock.

Similarly, the concept of resilience has gained much attention in recent years especially in
terms of poor households [26]. Resilience refers to the ability of households to cope with basic
necessities of livelihood in case of emergency or shock [27, 28]. Resilience has been
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implemented by different scholars in diverse perspectives [29-31]. There is a broad consensus
that resilience is not stagnant, but that it continues to evolve [29, 32], that needs further analy-
sis and examination.

Previous studies have focused on the resilience of household in case of natural disasters
while others have focused on resilience of households to the socio-economic shocks [33-35].
Resilience of households has also been studied in terms of ecological and environmental effects
[36, 37]. Although different qualitative approaches have been undertaken in terms of analyzing
the resilience but the studies based on quantitative resilience are scarce and limited [38, 39].
The resilience of households taking into consideration the livelihood of the households is also
an important factor. Several studies have focused on this component in terms of external
shocks [40, 41]. However, studies have focused on different aspects and factors linking resil-
ience to household income and assets, yet there is a dire need to better understand the connec-
tion between these components in terms of rural households. This study will attempt to fill this
gap and contribute to the empirical aspect of the literature.

In terms of measuring vulnerability and resilience, economists have argued on various eco-
nomic factors including household income, status, capital, and access to social security nets
[42-44]. In terms of understanding the response of household towards a certain external
shock like the COVID-19 pandemic, resilience and vulnerability can be good measures. The
impacts of COVID-19 on households are unprecedented and the responses are observed to
vary from household to household due to the differences in the SES of the households. Similar,
observations are reported in case of China. The assumption can be drawn that households
with higher SES may have better coping strategy and resilience as compared to household with
lower SES. In this paper, we analyze the difference in the households resilience based on SES
using the survey data.

For empirical and quantitative analysis, some authors measured vulnerability based on its
impacts on indicators of welfare of the households [45, 46]. Others estimated vulnerability in
relationship to the poverty dynamics of the households. In this paper, we follow the approach
of Vulnerability as Expected Poverty (VEP). The VEP approach is defined as the probability
that the expected Income expenditure of a household will fall into poverty in the future [47].
This approach was also adapted in terms of poor households in developing countries by other
scholars [7, 48, 49]. In case of previous studies, the vulnerability was estimated in case of pov-
erty status of the households, which stood above the absolute poverty line. These measures did
not consider the effects in case of households below the poverty level, which may provide a
deeper understanding, and vulnerability effects on poverty status of households. Chaudhuri
[47] pointed out that welfare status of the households tend to decline where the households
poverty status is below poverty line as compared to households above poverty line due to the
increase in vulnerability and risk. Based on this notion, we build our model and apply it in
case of household status both above and below the poverty line, which will provide a better,
and in-depth measure of the vulnerability of different households as compared to previous
ones.

Additionally, some past literatures have also focused on different coping strategies across
multiple domains including access to credit, government support, and help from family and
friends, use of savings, and other such strategies [50, 51]. While, the coping strategies related
to the SES of household especially poor households, have not been clearly observed [16]. Cop-
ing strategies towards shocks may differ and their impacts may vary based on the status of the
households. In this paper, we observe a coping strategy specifically based on the significance of
the policy for both poor and non-poor household status, which in this case are the loans provi-
sion on lower interest for business and its impacts on different households. There are very few
research on the poor households susceptibility towards pandemic [52], there is still more to
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explore in terms of COVID-19 and its impacts on poor households and the response of the
communities.

This paper attempts to provide the impacts of COVID-19 on household based on the SES of
the households. Additionally, the paper further identifies the differences in the impacts of the
outbreak taking into consideration the SES of the households by dividing the households into
two groups (poor and non-poor households). Based on these differences, the resilience of the
households towards a shock like COVID19 and the vulnerability of the households in face of
coping with the outbreak are also analyzed and estimated for a deeper understanding of the
differentiated effects of COVID109.

Methodology
Sample and data collection

For the empirical estimations and predictions of our model, we use both primary and second-
ary data from different sources and methods. For the collection of primary data, an online sur-
vey was developed. The online questionnaire was shared using different social media
platforms, which made it easier for data collection. The data was collected from village repre-
sentatives (potential key respondents). The questionnaire was filled by different households
with majority from the villages of Sichuan province (475 in Sichuan while 80 from other prov-
inces). A total of 555 questionnaires were completely filled through the online channels over a
period of two weeks. The province includes least, middle, and highly developed regions similar
to mainland China. Due to measures taken by the Chinese government to contain the spread
of the virus, including social-distancing and travel restrictions, the data was collected through
administering an online questionnaire, which is also consistent with previous studies [53, 54].
In case of Sichuan Province, there are about 183 counties that are different in terms of geo-
political and socio-economic indicators [55]. For secondary data, online official websites were
utilized. Health data and reports were collected from WHO website [56, 57], while data on
Chinese villages was collected from National Bureau of Statistics China website [58].

The data was collected through the snowball sampling technique due to its time and
resources-saving advantages, as argued by various researchers [59, 60]. The data was collected
during mid of April 2020 for two weeks; at that time COVID-19 pandemic had already affected
a large number of local people in terms of socio-economic and health effects of COVID-19.

We sought permission from the relevant community leader of every village prior to admin-
istering the questionnaire. Besides, the consent of each village representative was obtained
prior to partaking in the survey. Each respondent was allowed not to answer any question
accordingly. The current research was approved by the Ethics Committee of Leshan Normal
University. Prior to taking part in the online questionnaire, informed consent was obtained
from each participant. The purpose and content of the study were first introduced to the
potential participants before partaking in the survey. After assuring respondents of complete
anonymity, confidentiality, and other ethical considerations, they filled the online question-
naire. There was no electronic record of the participant’s consent, but all respondents agreed
on the purpose of the research and took part in the online survey voluntarily.

Measures

A questionnaire was developed to study and investigate the economic impacts of COVID-19
on households based on differences in the socio-economic status (SES). In this study we
attempt to determine the household-level effects of the COVID-19 shock using different socio-
economic factors. For this purpose, we asked several questions from participants such as SES
level, household level (poor or non-poor), number of community groups in the village, per-
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capita annual disposable income (in normal times), main sources of income, industry involve-
ment, agricultural supply level, cost of livestock breading (after COVID-19 outbreak), impact
of COVID-19 on rural households to fall back into poverty, vulnerability, and resilience level
of households, among others. For more details about the survey questions, see S1 File.

In case of the measurement some researchers argue that although the consumption patterns
and disposable income are currently applied for the evaluation of the welfare status and living
standards of the households [61] but these are not the only proxy variables for representation
of welfare and status of the households. The variables like welfare and living standards are
somewhat hard to observe directly. Instead, different proxy variables are utilized for the indi-
rect measurement of such values. Therefore, it is possible to estimate new proxy variables as
suggested by Massari [61] which can best define the changes and effects on households. Using
the Bank of Italy SHIW data, he included a new proxy variable “real assets” in addition to dis-
posable income and consumption expenditure. Similarly, in this paper we assume the SES of
the household may provide a better measure as a proxy representing the welfare of the
households.

We develop a simple model based on step-wise binary logistic regression in order to esti-
mate our variables. As we used an online survey (questionnaire) for the collection of the data,
so some variables in our data are coded as binary variables while others in categorical form.
Based on the design of the questionnaires, the responses and the data, it is convenient to use
the logistic regression approach for better estimates, good model-fit and unbiased estimates
(62, 63].

The model

The model predicts the impact of different sources of income, industries, and policies under
COVID-19 based on the SES in the villages of Sichuan province, China. As mentioned earlier,
the households are divided into poor/low SES and non-poor/high SES household based on the
survey data. The household level SES is based on village representative’s identification of the
average SES level of the households in the villages (high SES or low SES village) and the reply
of the respondent’s in the questionnaire. Based on this fact, we assume SES to be a better indi-
cator for the indirect impacts of COVID-19 in case of different SES levels of the households.

We construct our model using SES as a proxy for the household’s main indicators of
income, consumption, assets and social indicators based on the national statistics of China.
SES contributes and expands the multiple indicator [61, 64], by inclusion of social indicators
such as education, members etc. with broader perspectives of the households status. As our
dependent variable assumes binary values of 0 or 1, the binary logistic regression is adopted. In
the literature works [62, 63], a simple logistic model equation is given by:

Y, = Bo + X, (1)

Where, Y; is the linear function and the dependent variable, X; denotes the independent
regressors and B measures the coefficients of the regressors in the model.
Eq 2 can also be written in the form of,

Logit(Y,) = B, + B, X, (2)

This represents a simple logistic linear regression equation for estimating binary. As the
dependent variable in our model consists of binary values (0,1), it is better to treat the model
as a linear equation [62]. As our dependent variable to be estimated is also binary coded, we
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can construct a binary logistic model, which is depicted as follows:

Logit SES, = o, + B.X, + 7,2, + O.N, + 11 (3)

Where, Y; is the dependent variable representing SES of households 1’ whereas X, Z; and N;
are the independent regressors in our model. X; which is divided into the four main sources of
income in village 7', Z; represents the two main industries in village ‘', and N; denotes the two
impact variables of Covid-19 on households in village ‘" All the independent variables are cho-
sen based on the socio-economic features of the villages and in accordance with the national
statistics of China. The variables are further explained in Eq 4. Moreover, o is the constant in
the model while f;, 7; and J; are the relevant coefficient measures. y; is the overall error term in
the model.

To further understand the impacts of COVID-19 on the counties and the resilience of the
poor household against the outbreak, we add additional variables and modify the model. The
new variables reduce the bias and increase the explanation effect of the regressors in the
model. We fit our final model as follows:

Logit SESi = o, + S, yfarm, + B,ybusn, + f,yemp, + f,ygov, + y,indagri, + vy, indlivst,
+ 0,sagri, + O,clivestk, + gres; + p,pov; + T,policyloan, (4)

Where,

yfarm;: Income from farmland in the household 7’

ybusn;: Income from doing business in household 7’

yemp;: Income from local employment in household T’

ygov;: Income from Government Transfer payments in the household T’

indagri;: Household member associated with the agricultural industry

indlivst; Household member associated with the livestock industry

sagri; Supply of agricultural products during the pandemic

clivestk;: Cost of livestock feed during the pandemic

res;: Resilience of household ‘i’ against COVID-19

pov;: Ability of household 1’ to counter falling to poverty during the pandemic

policyloan;: Desired policy of loans for business on lower interest rate by household 1’

The new variable res; represents the resilience of the household 1" against COVID-19, Pov;
shows the susceptibility of the household i’ falling into poverty and policyloan; denotes the
desired policy measures by the households in county 7. &;, p; and 7; are the respective coeffi-
cients measures of the newly added regressors.

We estimated our model using step-wise binary logistic regression. As our independent
variable is binary coded and independent variables are categorical, it is an appropriate method
for estimation. The model was also tested for reliability and validity through tests for consis-
tency and goodness of fit for the factors. The results show significant estimates and in line with
our assumptions and research questions. The outcomes of the analysis are reported in the next
part.

Results and findings
Sample characteristics and descriptive summary

In our sample, most respondents belong to high SES status level (74%). In terms of per capital
annual disposable income during normal years, most participants reported less than RMB
13000 (61%) while only 12% of participants had income higher than RMB 20000. Further, in
terms of main income sources, most survey participants were dependent on government
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Table 2. Descriptive statistics.

SES yfarm ybusn
Mean 0.26 0.75 0.34
S. E. Mean 0.019 0.018 0.020
S.D. 0.437 0.436 0.474
Minimum 0 0 0
Maximum 1 1 1
Obs. 555 555 555

https://doi.org/10.1371/journal.pone.0249270.t002

yemp ygov Indagri Indlivst sagri clivestk polloan hhres fallpov
0.59 0.11 0.41 0.47 1.87 1.56 0.34 1.57 1.61
0.021 0.013 0.021 0.021 0.028 0.029 0.020 0.040 0.036
0.493 0.315 0.492 0.500 0.649 0.680 0.472 0.933 0.843
0 0 0 0 0 0 0 0 0

1 1 1 1 3 2 1 3 2

555 555 555 555 555 555 555 555 555

transfer payment (89%), followed by business (66%), local employment or wage income
(41%), and family farming (25%). Additionally, 59% reported that they are mainly involved in
agricultural industry. When asked about supply of agricultural materials (in comparison to last
year), 61% respondents reported that they are receiving adequate supply of materials. How-
ever, only 1% pointed out that there is severe shortage.

Additionally, 67% of participants said that due to COVID-19 outbreak, the cost of livestock
breeding has increased. Similarly, when we asked survey participants to express the likelihood
of the rural households to fall into poverty due to COVID-19 pandemic, 15% reported very
high likelihood followed by high likelihood (46%). Likewise, when respondents were asked to
express their resilience and ability to prevent returning to poverty independently without any
external support, 46% reported that they possess strong resilience capability, while only 17%
reported that they have no resilience capability.

Table 2 shows the statistical summary of the dependent and independent variables. We col-
lected the data through an online questionnaire. A total of 555 households were observed and
surveyed. Most of the variables including the dependent variable ‘SES{’, are binary coded with
values of 0 or 1. Some variables including ‘hhres’, “fallpov’ and ‘sagri’ are ordinal or ranked
assuming values of 0, 1, 2 or 3.

The mean value of the variables lies between 0 and 2 with minimum of 0.26 for the depen-
dent variable ‘SES’. For ‘sagri’, the maximum mean value is 1.87. The standard errors of mean
are low for all the variables and ‘ygov’ shows the lowest values of 0.013. The standard deviation
for all the main variables is between 0 and 1. ‘hhres’ has the highest standard deviation of 0.933
followed by ‘fallpov’ 0.843. For the maximum and minimum values of the survey responses of
the households, the codes range between 0 and 3. In case of the dependent variable, the code is
in reverse order assuming 0 for positive response and 1 for negative response. The codes for
independent variables present 0 for low level and 1, 2 or 3 for higher categories of responses.
Overall, the data shows clear statistical values for the variables used in the estimation method.

Fig 2 shows the difference in the SES of the households in percentages and the response of
the households in case of socio-economic changes. Household with better socio-economic sta-
tus rely on income from business (68% of high SES households) and local employment (39%
high SES households) while households having low SES are more dependent on transfer pay-
ments from the government (19% of low SES households) and farm output (93% of low SES
households).

Similarly, low SES households are more vulnerable (71%) and external shocks can drive
them further into poverty (31%). In contrast, households with higher SES are more resilient
(47%) and can cope with external shocks like COVID-19 regardless of external support. It also
shows 35% and 55% of low SES households are engaged in agricultural and livestock industries
respectively.
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Fig 2. High and low SES households.
https://doi.org/10.1371/journal.pone.0249270.9002

Reliability and validity statistics

Cronbach’s alpha. The value of Cronbach’s alpha is calculated for the reliability or inter-
nal consistency of the estimations or scale. Cronbach’s alpha was first introduced by Lee Cron-
bach in 1951 in order to check the internal consistency of test [65]. In order for the results to
be reliable and acceptable, the threshold value of Cronbach’s alpha should be between 0.7 and
0.95 [66, 67]. In our case, Cronbach’s alpha values for our models are above the threshold
value of 0.7. The value implies that the variables used are reliable and consistent internally.
The table 3 contains the Cronbach’s alpha values for the factors in each of our models.

For testing of convergent validity, we use Factor Analysis for the four main components of
all our factors, including 4 income factors in the first component, 2 industry factors as the sec-
ond component, 2 cost factors as the third component, and the fourth component consists of 3
factors that have diverse loadings. The test is undertaken to check if the factors load are accept-
able and distinct or not for each component. Table 4 shows the loading of the main
components.

Table 4 clearly depicts that the factors load distinctly for the four groups and confirms the
validity of convergence among the main factors in each of the groups. The average factors
loading for all the groups are also estimated to be higher than 0.5 threshold level and most of

Table 3. Cronbach’s alpha test of reliability.

Model Cronbach’s Alpha No. of Items
1 0.703 4
2 0.706 6
3 0.707 8
4 0.707 9
5 0.712 10
6 0.713 10

https://doi.org/10.1371/journal.pone.0249270.t003
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Table 4. Component matrix.

Variable Component
1 2 3 4

Yfarm 0.715 -0.184 -0.115 0.115
YLemp 0.815 -0.011 -0.142 0.129
YBusn 0.761 0.007 -0.138 -0.118
YGovtTP 0.534 -0.063 0.379 0.160
IndAgri 0.234 0.272 0.660 0.088
IndLivstk 0.158 0.217 0.767 0.018
Sagri 0.081 0.836 -0.183 0.138
Clivestk 0.042 0.816 -0.135 0.158
Resilience -0.011 -0.333 -0.095 0.634
Fallpoverty 0.135 0.116 -0.115 -0.780
PolicyLoan 0.207 -0.129 0.305 -0.405

Extraction Method: Principal Component Analysis.

https://doi.org/10.1371/journal.pone.0249270.t004

the groups average above 0.7 which is a good determinant of validity and also suggests conver-
gent validity.

Goodness of fit. After fitting the model, it is important to analyze the fitness of the data in
the model. There are different methods of calculating the goodness of fit like Pearson’s Chi-
Square [68] and Likelihood ratio test [59, 60], but based on our data set, Hosmer-Lemeshow
test for goodness of fit is considered a good way of presenting the fitness of our data into our
model [69]. In the case of the Hosmer and Lemeshow test, the significant value should be
above 0.05 for selection of the model. A lower significance value suggests the rejection of the
model [70]. The results of the test are reported in Table 5.

According to Hosmer [69], the value of significance has to be above the threshold of 0.05%
in order to determine a good fit. The null hypothesis assumes that the data is a good fit for the
model. In our case, Table 5 clearly shows that the data fits our model, and our model has the
goodness of fit as the significance of Hosmer-Lemeshow test estimates are above 0.05, which
means we are unable to reject the model and our data fits the model. In addition, for the overall
significance of the model, the Omnibus test of the Model coefficients also proved that coeffi-
cients of the independent regressors used in the model are significant. Table 6 presents the
Omnibus test outcomes of the final estimations of the model.

Main findings and discussions

Table 7 shows the stepwise binary logistic regression trends for our model based on the survey
of households in different villages of Sichuan Province.

Table 5. Hosmer and Lemeshow test.

Step Chi-square df Sig.

1 5.584 6 0.471
2 5.271 8 0.728
3 2.649 8 0.954
4 3.503 8 0.899
5 6.520 8 0.589
6 6.556 8 0.585

https://doi.org/10.1371/journal.pone.0249270.t1005
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Table 6. Omnibus tests of model coefficients.

Chi-square Df Sig.
Step 265.793 10 0.000
Block 265.793 10 0.000
Model 265.793 10 0.000

https://doi.org/10.1371/journal.pone.0249270.1006

As our dependent variable ‘SES’ assumes binary values (0, 1), therefore, binary logistic
regression analysis is adopted for the estimation of the coefficients in our model. The binary
logit regression provides better estimations and is recommended in case the dependent vari-
able consists of binary values. The use of SES as the representation of the households proved to
be a better indicator of showing the impacts of shock on different households’” and their
response to an external shock (COVID-19) as it takes into account the main economic factors
relevant to households. All the independent variables are regressed and estimated for the
effects on the dependent variables.

The table also shows the coefficients ‘B’ and the exponential form of the coefficients ‘Exp
(B)’ of all the independent variables in the model. Exp (B) interprets the odds of the effects of
the independent variables in case of the binary dependent variable.

Income effect. The variables ‘Yfarm’, ‘Ylemp’, ‘YBusn’, and ‘YGovt’ depict different
household income sources in the villages. The significant income effect on the households can
be seen from the Table 7 as all the variables are significant. Yfarm and YGovt are negative in
relationship while Ylemp and YGovt attain positive sign concerning the dependent variable.
The negative sign explains the odds of the independent variables to be less likely being the
poor household while positive sign denotes higher odds of the effects on poor households. The
Exp(B) values 3.056 and 4.440 for Yfarm and YGovt respectively demonstrate the odds of
income earnings from farmland is 3.056% more for poor households while odds of depending
on transfer payments from the Government are about 4.44% higher in poor households as
compared to households that are non-poor with high SES.

The difference indicated by these estimations clearly suggests that poor households are
more vulnerable with subsistence source as farmland income and thus more dependent on
support from the government for income and livelihood while non-poor household is less vul-
nerable due to better and continuous income sources like a business and local employment.
The differences suggest that non-poor and higher SES households are characterized by income
from business and employment. Business and Employment show a key and significant differ-
ence between the low and high SES households. Such means and sources of income are esti-
mated to have a positive impact on the SES of the households.

Effect on prices and costs. The result provided the changes in prices and costs of agricul-
tural products and the impacts of such changes on the different households. The significant
results for agricultural industry (-0.704) and supply of agricultural products (-0.609) suggest
that the odds of the poor household member working in the agricultural industry and the
effect on supply of agricultural products are less likely compared to non-poor households.
There is a clear distinction as working in an agricultural industry may provide higher income
opportunities, and thus, may increase the SES. Similarly, the agricultural supply may be
increase for non-poor households due to the shock as non-poor household demand for agri-
cultural products may increase due to the fear of pandemic. These findings can be attributed
to the fact that non-poor households depend on the supply of agricultural products, and thus,
the effect on the supply of agricultural products may be higher in non-poor households. The
possible explanation may be that China’s agricultural sector has been on the verge of moderni-
zation, which can be focused on future policy in giving opportunities for low-income families
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Table 7. Binary logistic regression output.

Variables

Yfarm
YLemp
YBusn
YGovtTP
IndAgri
IndLivstk
Sagri
Clivestk
PolicyLoan
Resilience
Fallpoverty
Constant
Observations

Nagelkerke R
Square

(1
B

1.035*** [2.816]
(0.370)

-1.236*** [0.291]
(0.243)

-0.888** [0.411]
(0.277)

1.512%** [4.536]
(0.336)

-1.268*** (0.385)

555

0.240

Note: Standard errors in parentheses

** p<0.01
** p<0.05
*p<0.1

() (©) (4) () (6)
B Exp. B Exp. B Exp. B Exp. B Exp.
(B) (B) (B) (B) (B)
0.989** 2.688 0.975** 2.650 1.004** 2.730 1.087** 2.965 1.117** 3.056
(0.390) (0.402) (0.404) (0.431) (0.449)
-1.228** 0.293 -1114%% 0.328 -1.075"** 0.341 -1.051%** 0.349 -1.172%%* 0.310
(0.250) (0.259) (0.261) (0.282) (0.303)
-0.917*** 0.400 -0.900*** 0.406 -0.826™** 0.438 -0.776** 0.460 -0.820"* 0.441
(0.284) (0.292) (0.295) (0.322) (0.330)
L611*** 5.007 1.613*** 5.016 1.647*** 5.191 1.590%** 4.902 1.491%** 4.440
(0.346) (0.350) (0.357) (0.403) (0.420)
-0.704*** 0.494 -0.789*** 0.454 -0.786"** 0.456 -.618"" 0.539 -0.664" 0.515
(0.237) (0.244) (0.245) 0.271) (0.291)
0.690"** 1.993 0.796"** 2.216 0.799*** 2.223 0.705*** 2.024 0.745"* 2.107
(0.234) (0.243) (0.243) (0.272) (0.296)
- - -0.609*** 0.544 -0.633"** 0.531 -0.697*** 0.498 -0.958*** 0.384
(0.178) (0.180) (0.195) (0.220)
- - 0.474*** 1.607 0.448"* 1.566 0.567*** 1.763 0.593** 1.809
(0.190) (0.192) (0.212) (0.236)
- - - - -0.548** 0.578 -0.580"* 0.560 - -
(0.255) (0.279)
- - - - - - -1.138"** 0.321 -1.167*** 0.311
(0.147) (0.157)
- - - - - - - - -1.198*** 0.302
(0.178)
-1.319*** - -1.074** - | -0.895(0.575) - 0.455 (0.637) - 2.540"** -
(0.389) (0.571) (0.766)
555 - 555 - 555 - 555 - 555 -
0.275 - 0.320 - 0.330 - 0.471 - 0.560 -

https://doi.org/10.1371/journal.pone.0249270.t007

to be part of the agricultural industry. In addition, without the necessary source of income, the
poor family may only end up decreasing marginal income with the higher opportunity cost of
migration work in non-agricultural sector in town or else; while a non-poor family is in an
opposite situation of its counterpart. Moreover, if the poor’s situation cannot be reversed in
the long run, the rural population would be separated into the Agri-business group and the
city worker group, which may be the natural selection process.

In contrast, household members working in the livestock industry and higher livestock cost
are most likely to happen in the case of poor households. The finding also highlights that poor
household members are about 2% more likely to be associated with livestock industry than
non-poor households. It can be attributed to the fact that most of the poor households depend
on livestock and products from livestock for daily consumption and livelihood. As a result of
the shock, the dependence of poor households on livestock’s increase and thus the costs for
feed rise.

Resilience and vulnerability on SES. Further, estimates for the resilience of community
(-1.167) in tackling the pandemic explain that the odds of households to be resilient against
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pandemic are less likely to be in low SES households, which can be extended as households in
non-poor households tend to be more resilient towards COVID-19 due to better sources of
income. Similarly, the odds of countering falling into poverty are less in poor households as
compared to non-poor households. Low SES households mostly depend on income from
farms and support from the government. It is unlikely for the poor households to overcome
any external shock or show resilience without the support of the government. Once such
households are affected by an outbreak, then the chances of these households falling into pov-
erty increases as these households depend on subsistence sources of income and government
support and assistance.

Policy effect. In terms of the policy, the provision of loans on lower interest rates for busi-
ness based on the coefficient value of -0.580 explains the odds of households desiring business
loans on low-interest rates are less likely to in poor households. Non-poor households tend to
establish business and earnings from employment, while households with low SES are less
likely to be engaged in business and employment activities. These factors can enable house-
holds to earn higher income which in this case, the higher desire for loans for business pur-
poses in non-poor households proves the difference between poor households and non-poor
households.

The overall significance of the coefficients and the goodness of fit for variables in the model
were explained previously. For explanation and predictive power of the independent variables,
the binary logistic regression calculates Nagelkerke R Squared values. The value for Nagelkerke
R Squared in our final model is 56%, which shows the independent variables in our model are
good in specification and estimations.

For further analysis and checking of the model, we sort the data and estimate the variables
in categorical forms. The categorical estimations of the model provide significant outcomes as
compared to the regression analysis of the overall effects of the variables. The estimates of the
coefficients in our model are presented in Table 8.

The estimations in the table show different categorical estimates for our main variables in
the model. The results are similar to the non-categorical estimations with a few changes sug-
gesting robust outcomes in our main model. The income effect and industrial effects of the
variables show similar signs as the previous model. Similarly, the Nagelkerke R Square value is
also high at 70.1%, which shows a higher predictive power of the variables. As in the case of
Binary logistic regression, the Nagelkerke R Square values loosely define the effect of indepen-
dent variables, therefore, we also calculated the correlation value of the probabilities of our
independent variables and the dependent variable using the Pearson Correlation test. The
value of the Pearson Correlation test is 61%, which is also high and shows a good choice of our
independent variables in explaining the dependent variable.

The resilience has an overall significant impact in determining the odds of non-poor house-
holds to be more resilient as compared to poor households. The first category representing
resilience in the table suggests that there is no resilience. Based on the estimation value of
1.941 it can be interpreted, as the odds of households with no resilience are about 1.9 times
more likely to be poor and low SES households. Based on exp(B) value of 6.965 it can also be
explained that a household with no resilience is approx. 6.96% more likely to be poor, which is
highly significant. On the contrary, the resilience coefficients for 2™ and 3" category we
obtain the odds ratios of 0.166 and 0.018. Thus, the odds of a household to be resilient or
highly resilient are less likely to be poor households.

Similar trends are represented in terms of countering poverty. The signs are negative show-
ing less likeliness towards poor households, and exponential coefficients for the three catego-
ries assume values of 0.455, 0.121, and 0.020, respectively. All the category estimations were
negative, predicting less likeliness of being poor or low SES households. The estimates were
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Table 8. Binary logistic regression (categorical variables).

Variables -1 -2 -3
B Exp(B) B Exp(B) B Exp(B)
Yfarm(1) 0.998** 2.712 1.108"** 3.027 0.871* 2.39
-0.39 -0.412 -0.518
YLemp(1) -1.201"** 0.301 -1.067*** 0.344 -1.543"** 0.214
-0.251 -0.264 -0.372
YBusn(1) -0.841"** 0.431 -0.819*** 0.441 -0.767** 0.465
-0.286 -0.297 -0.385
YGovtTP(1) 1.627** 5.088 1.639*** 5.15 1.747*** 5.74
-0.352 -0.357 -0.532
IndAgri(1) 0.705*** 2.024 0.798"** 2.222 0.525 1.691
-0.238 -0.249 -0.35
IndLivstk(1) 0.697*** 2.009 0.799*** 2.222 0.682** 1.978
-0.235 -0.246 -0.347
PolicyLoan(1) -0.539** 0.584 -0.583** 0.558 -0.741** 0.477
-0.249 -0.259 -0.373
Sagri R R . R . R
Sagri(1) - - 1.313 3.715 1.13 3.097
-0.807 -1.181
Sagri (2) - - 0.851** 2.343 1.352** 3.864
-0.397 -0.583
Sagri (3) - - -0.248 0.78 -0.296 0.744
-0.361 -0.538
CLivestk - - 0.460"* 1.584 0.448 1.565
-0.194 -0.284
Resilience - - - - o -
Resilience(1) - - - - 1.941%** 6.965
-0.412
Resilience(2) - - - - -1.794*** 0.166
-0.416
Resilience(3) - - - - -3.997+** 0.018
-1.114
Fallpoverty - - - - o -
Fallpoverty(1) - - - - -0.786 0.455
(0.530
Fallpoverty(2) - - - - -2.115%** 0.121
-0.544
Fallpoverty(3) - - - - -3.905%** 0.02
-0.812
Constant -1.910"** - 3.054*** 0.047 -0.735 0.48
-0.457 -0.65 -0.942
Observations 555 - 555 - 555 -
Nagelkerke R Square 0.286 - 0.345 - 0.701 -
Pearson Correlation - - - - 0.61 -
Standard errors in parentheses
= p<0.01
** p<0.05
* p<0.1
https:/doi.org/10.1371/journal.pone.0249270.t008
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Fig 3. Predicted probabilities and SES.
https://doi.org/10.1371/journal.pone.0249270.9003

significant except for the first category. The results suggested that the odds of households
countering poverty strongly or very strongly are less likely to be a poor household. It can be
explained that a household with low SES is more vulnerable to the impacts of COVID-19 and
may fall back below the poverty line, while the high SES households show more resilience and
less vulnerability towards the pandemic. The results further highlight that the number of new
poor may increase in the future if the pandemic continues as these households are less resilient
and less likely to counter falling back into poverty.

For further explanation of the model, we estimated the predicted probabilities of the vari-
ables against the dependent variable. Fig 3 shows the predicted probabilities of the indepen-
dent variables against the values of dependent variables. Although some values overlap, the
majority of the distribution provides a good prediction of the model. It predicts that house-
holds with low SES are likely to fall on the positive side while a household with high SES over
the negative side. The same outcomes are also presented in Fig 4.

Discussion

This paper examined the difference in impacts of COVID-19 on households based on the
socio-economic differences in the villages of Sichuan province, China. Our main goal was to
identify the economic factors influencing households’ responses to COVID-19 based on socio-
economic differences. The SES provides a better and deeper knowledge of the changes in
household economic conditions and indicators as a result of an outbreak or health crisis like
COVID-19. This study also assesses the likelihood of the households’ SES conditions to see if
there are any disparities in the level of resilience to COVID-19 and households’ ability to avoid
falling into absolute poverty.
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Observed Groups and Predicted Probabilities
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Fig 4. Predicted probabilities. Piling of the data responses and predicted probabilities on both sides of the figure
explains a good outcome related to the variables and the model.

https://doi.org/10.1371/journal.pone.0249270.9004

The outcomes presented that households are less likely to be affected or the impact of
COVID-19 on non-poor households is lower as compared to households that are poor with
lower SES. Similarly, Ndirangu [6] argued that in the case of developing economies, people liv-
ing in low-income households face dual misfortunes: income-generating difficulties and vul-
nerability to socio-economics crises. Likewise, Jalan & Ravallion [7] also argues that
households with higher SES have greater access and a broader asset base to insurance and
credit services, which will help cushion them against the effects of an external shock, like
COVID-19. The chances of falling back into the poverty of a poor household are significantly
higher than the Non-poor household, which suggests that the numbers of new poor as men-
tioned in recent articles are estimated to increase more due to the pandemic [71]. Further,
Adler & Snibble [11] argue that in comparison to households with lower SES, higher SES
households have better access to health care, housing, knowledge, and nutrition.

In the case of resilience, response, and tackling the economic influence of COVID-19, the
estimate predicts that the odds of non-poor households (high SES) to be resilient against
COVID-19 are higher in contrast to low SES households. Business and employment may be
better sources of income, and industry plays key roles in determining the SES of the house-
holds, which can affect the resilience of the communities towards recovery during the
pandemic.

Implications

Based on the outcomes of the paper and literature studies, it is observed that poor households
and people having dependent on farm income are affected more and are more dependent on
external support; therefore, it is necessary to devise policies for supporting and creating new
jobs and income generating opportunities for them. Focusing on agricultural sector moderni-
zation and providing opportunities in the agricultural industry may contribute both at the
household and national level. Small scales agricultural industries can be set up according to the
needs of the community or county are expected to be of higher significance. Loans on lower
interest rates for businesses can increase resilience and decrease the vulnerability of the poor
households with access to funds. These policies can have better and long-lasting impacts on
changing the livelihoods and SES level of the poor communities. At a general level, the govern-
ment bodies and institutions provide relief and support to the poor households and vulnerable
communities with low income and low employability [2]. Such policies and support should be
temporary, as households depending on government support have a higher chance of falling
or staying in the low SES category and may not divulge into other income opportunities.
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Limitations

Despite insightful implications, this research is not without limitations. Primarily, this study
was cross-sectional in nature which does not allow to make causal inferences. To make causal
inferences, longitudinal studies are needed. Furthermore, the sample was obtained through
the snowball sampling technique, which provides room for further research. Concerning limi-
tations during the course of the research, there are some areas that may be improved in future
research articles. The sample we collected was based on a single province due to time
restraints; other researchers can increase the data set and collect a larger sample, a country-
level data, which will give outcomes that are more robust. Similarly, since the lockdown poli-
cies and pandemic are ongoing; more research and post-pandemic scenario will provide better
research opportunities and unbiased estimates for future researchers.

Supporting information

S1 File.
(DOCX)

Acknowledgments

We are grateful to the support of the members of Center for Trans-Himalaya Studies (CTHS)
and the administration of Leshan Normal University (LSNU)). We highly acknowledge the
assistance from the faculty of School of Economics -LSNU during the course of the research.

Author Contributions

Conceptualization: Imran Ur Rahman, Deng Jian, Liu Junrong, Mohsin Shafi.
Data curation: Deng Jian.

Methodology: Imran Ur Rahman, Deng Jian, Liu Junrong, Mohsin Shafi.
Supervision: Mohsin Shafi.

Writing - original draft: Imran Ur Rahman.

Writing - review & editing: Deng Jian, Liu Junrong, Mohsin Shafi.

References

1. World Health Organization. Naming the coronavirus disease (COVID-19) and the virus that causes it.
WHO Technincal Guidance [Internet]. 2020 [cited 2020 Feb 20]; Available from: https://www.who.int/
emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-
(covid-2019)-and-the-virus-that-causes-it.

2. Sumner A, Hoy C, Ortiz-Juarez E. Estimates of the impact of COVID-19 on global poverty [Internet].
Helsinki; 2020. (WIDER Working Paper). Report No.: 2020/43. Available from: https://doi.org/10.35188/
UNU-WIDER/2020/800-9.

3. National Bureau of Statistics of China. Income of Rural Residents in Poor Areas in the First Quarter of
2020 [Internet]. Press Release. 2020 [cited 2020 Jun 20]. p. 1. Available from: http://www.stats.gov.cn/
english/PressRelease/202005/t20200505_1742976.html.

4. National Bureau of Statistics of China. Households’ Income and Consumption Expenditure in the First
Quarter of 2020 [Internet). Press Release. 2020 [cited 2020 Jun 20]. p. 1. Available from: http://www.
stats.gov.cn/english/PressRelease/202004/t20200420_1739771.html.

5. Bartik A, Bertrand M, Cullen Z, Glaeser EL, Luca M, Stanton C. How are Small Businesses Adjusting to
COVID-19? Early Evidence from a Survey [Internet]. SSRN Electronic Journal. Chicago; 2020. (HKS
Working Paper). Report No.: RWP20-012. Available from: https://papers.ssrn.com/sol3/papers.cfm?
abstract_id=3574741.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249270  April 29, 2021 19/22


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249270.s001
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
https://doi.org/10.35188/UNU-WIDER/2020/800-9
https://doi.org/10.35188/UNU-WIDER/2020/800-9
http://www.stats.gov.cn/english/PressRelease/202005/t20200505_1742976.html
http://www.stats.gov.cn/english/PressRelease/202005/t20200505_1742976.html
http://www.stats.gov.cn/english/PressRelease/202004/t20200420_1739771.html
http://www.stats.gov.cn/english/PressRelease/202004/t20200420_1739771.html
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3574741
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3574741
https://doi.org/10.1371/journal.pone.0249270

PLOS ONE

Impact of COVID-19 on households

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,
23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

Ndirangu L. Households’ vulnerability and responses to shocks: evidence from rural Kenya. 2007. i +
155 pp.

Jalan J, Ravallion M. Transient Poverty in Postreform Rural China. Journal of Comparative Economics.
1998; 26(2):338-57.

International Labor Organization. COVID-19 and the world of work: Impact and policy responses. 2020;
(March):1-15. Available from: http://hdl.voced.edu.au/10707/533608.

Vos R, Martin W, Laborde D. How much will global poverty increase because of COVID-19? Interna-
tional Food Policy Research Institute IFPRI Blog [Internet]. 2020 Mar; Available from: https://www.
foodsecurityportal.org/blog/how-much-will-global-poverty-increase-because-covid-19.

American Psychological Association Task Force on Socioeconomic Status. Report of the APA task
force on socioeconomic status. Washington, DC.; 2007.

Adler NE, Snibbe AC. The Role of Psychosocial Processes in Explaining the Gradient Between Socio-
economic Status and Health. Current Directions in Psychological Science. 2003; 12(4):119-23.

Frankenberg E, Smith JP, Thomas D. Economic shocks, wealth, and welfare. Journal of Human
Resources. Special Is. 2003; 38(2):280-321.

Smith J. Unraveling the SES: health connection. Population and Development Review [Internet]. 2004;
30(Supplement: Aging, Health, and Public Policy):108—-32. Available from: https://www.jstor.org/stable/
3401465

Smith JP, Kington R. Demographic and economic correlates of health in old age. Demography. 1997;
34(1):159-170. PMID: 9074837

Shehu A, Sidique SF. The Effect of Shocks on Household Consumption in Rural Nigeria. The Journal of
Developing Areas. 2015; 49(3):353-64.

Leonard T, Hughes AE, Pruitt SL. Understanding How Low—Socioeconomic Status Households Cope
with Health Shocks: An Analysis of Multisector Linked Data. Annals of the American Academy of Politi-
cal and Social Science. 2017; 669(1):125-45.

Ligon E. Risk Sharing and Information in Village Economies. Review of Economic Studies. 1998; 64
(4):847-864.

Rosenzweig MR. Savings behaviour in low-income countries. Oxford Review of Economic Policy. 2001;
17(1):1-15.

Blundell R, Pistaferri L, Preston I. Consumption inequality and partial insurance. American Economic
Review. 2008; 98(5):1887-921.

Jappelli T, Pistaferri L. The Consumption Response to Income Changes. Annual Review of Economics.
2010; 2:479-506.

Kruger D, Perri F. How Do Households Respond to Uncertainty Shocks? Economic Review. 2011; 96
(2):63-92.

Adger WN. Vulnerability. Global Environmental Change. 2006; 16:268—281.

Bank World. World Development Report 2000 / 2001 Attacking Poverty [Internet]. Oxford University
Press. New York; 2000. Available from: https://openknowledge.worldbank.org/handle/10986/11856.
Chambers R. Editorial Introduction: Vulnerability, Coping and Policy. IDS Bulletin. 1989; 20(2):1-7.

Gillespie S ed. AIDS, Poverty, and Hunger: Challenges and Responses: Highlights of the International
Conference on HIV/AIDS and Food and Nutrition Security, Durban, South Africa, April 14-16, 2005.
International Food Policy Research Institute. Washington, D.C.; 2006. 376 p.

Woods DD. Four concepts for resilience and the implications for the future of resilience engineering.
Reliability Engineering and System Safety. 2015; 141:5-9.

Resilience Kharrazi A. In: Encyclopedia of Ecology. 2018.

Alexander DE. Resilience and disaster risk reduction: An etymological journey. Natural Hazards and
Earth System Sciences. 2013; 13:2707-2716.

Ifejika Speranza C, Wiesmann U, Rist S. An indicator framework for assessing livelihood resilience in
the context of social-ecological dynamics. Global Environmental Change. 2014; 28(1):109-19.

Carpenter S, Walker B, Anderies JM, Abel N. From Metaphor to Measurement: Resilience of What to
What? In: Ecosystems. 2001. p. 765-81.

Béné C, Wood RG, Newsham A, Davies M. Resilience: New Utopia or New Tyranny? Reflection about
the Potentials and Limits of the Concept of Resilience in Relation to Vulnerability Reduction Pro-
grammes. IDS Working Papers. 2012; 2012(405):1-61.

Prado DS, Seixas CS, Berkes F. Looking back and looking forward: Exploring livelihood change and
resilience building in a Brazilian coastal community. Ocean and Coastal Management. 2015; 113:29—
37.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249270  April 29, 2021 20/22


http://hdl.voced.edu.au/10707/533608
https://www.foodsecurityportal.org/blog/how-much-will-global-poverty-increase-because-covid-19
https://www.foodsecurityportal.org/blog/how-much-will-global-poverty-increase-because-covid-19
https://www.jstor.org/stable/3401465
https://www.jstor.org/stable/3401465
http://www.ncbi.nlm.nih.gov/pubmed/9074837
https://openknowledge.worldbank.org/handle/10986/11856
https://doi.org/10.1371/journal.pone.0249270

PLOS ONE

Impact of COVID-19 on households

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Ciani F. A Resilience-Based Approach to Food Insecurity: The Impact of Mitch Hurricane on Rural
Households in Nicaragua. . . . of Florence, Department of economics, PhD . ... 2012;.

Bizikova L, Tyler S, Moench M, Keller M, Echeverria D. Climate resilience and food security in Central
America: a practical framework. Climate and Development. 2016; 8(5):1—16.

Sarker MNI, Yang B, Lv Y, Hug ME, Kamruzzaman MM. Climate change adaptation and resilience
through big data. International Journal of Advanced Computer Science and Applications. 2020; 11
(3):533-9.

Berkes F, Folke C. Linking social and ecological systems for resilience and sustainability. In: Linking
Social and Ecological Systems. New York: Cambridge University Press; 1998.

Tesso G, Emana B, Ketema M. Analysis of vulnerability and resilience to climate change induced
shocks in North Shewa, Ethiopia. Agricultural Sciences. 2012; 03(06):871-88.

Ingrisch J, Bahn M. Towards a Comparable Quantification of Resilience. Vol. 33, Trends in Ecology
and Evolution. 2018. p. 251-9. https://doi.org/10.1016/j.tree.2018.01.013 PMID: 29477443

Sarker MNI, Peng Y, Yiran C, Shouse RC. Disaster resilience through big data: Way to environmental
sustainability. Vol. 51, International Journal of Disaster Risk Reduction. 2020. p. 101769.

Thulstrup AW. Livelihood Resilience and Adaptive Capacity: Tracing Changes in Household Access to
Capital in Central Vietnam. World Development. 2015; 74:352—62.

FAO. Resilient livelihoods- disaster risk reduction for food and nutrition security framework [Internet].
Rome; 2013. Available from: http://www.fao.org/3/i3270e/i3270e.pdf.

Jones L, Tanner T. Measuring “Subjective Resilience”: Using Peoples’ Perceptions to Quantify House-
hold Resilience [Internet]. SSRN Electronic Journal. London; 2015. Report No.: 423. Available from:
https://ssrn.com/abstract = 2643420.

Sarker MNI, Cao Q, Wu M, Hossin MA, Alam GMM, Shouse RC. Vulnerability and livelihood resilience
in the face of natural disaster: A critical conceptual review. Vol. 17, Applied Ecology and Environmental
Research. 2019. p. 12769-85.

Sarker MNI, Wu M, Alam GMM, Shouse RC. Livelihood vulnerability of riverine-island dwellers in the
face of natural disasters in Bangladesh. Sustainability (Switzerland). 2019; 11(6):1623.

Chaudhuri S, Jalan J, Suryahadi A. Assessing Household Vulnerability to Poverty from Cross-sectional
Data: A Methodology and Estimates from Indonesia [Internet]. Department of Economics Discussion
Papers. New York; 2002. (Discussion Paper Series). Report No.: 0102-52. Available from: https://
academiccommons.columbia.edu/doi/10.7916/D85149GF.

Glewwe P, Hall G. Are some groups more vulnerable to macroeconomic shocks than others? Hypothe-
sis tests based on panel data from Peru. Journal of Development Economics. 1998; 56(1):181-206.

Chaudhuri S. Assessing vulnerability to poverty: concepts, empirical methods and illustrative examples
[Internet]. Department of Economics. New York; 2003. Available from: http://econdse.org/wp-content/
uploads/2012/02/vulnerability-assessment.pdf.

Mansuri G, Healy A. Vulnerability prediction in rural Pakistan. IFPRI-World Bank Conference on Risk
and Vulnerability: Estimation and Policy Implications, Washington, DC. 2002;.

Pritchett L, Suryahadi A, Sumarto S. Quantifying Vulnerability to Poverty: A Proposed Measure, with
Application to Indonesia [Internet]. Policy Research Working Paper. Washington, DC.; 2000. (Working
Papers). Report No.: 2437. Available from: https://elibrary.worldbank.org/doi/abs/10.1596/1813-9450-
2437.

Morduch J, Ogden T, Schneider R. An Invisible Finance Sector: How Households Use Financial Tools
of Their Own Making [Internet]. U.S. Financial Diaries. New York; 2014. (Issue 3). Available from:
www.usfinancialdiaries.org.

Andersen V, Austin S, Doucette J, Drazkowski A, Wood S. Addressing income volatility of low income
populations. In: Workshop in Public Affairs [Internet]. University of Wisconsin—Madison: Robert M. La
Follette School of Public Affairs; 2015. p. 1-37. Available from: https://lafollette.wisc.edu/images/
publications/workshops/2015-income.pdf.

Chin T, Kahn R, Li R, Chen JT, Krieger N, Buckee CO, et al. U.S. county-level characteristics to inform
equitable COVID-19 response. medRxiv. 2020;1-38. https://doi.org/10.1101/2020.04.08.20058248
PMID: 32511610

Shafi M, Liu J, Ren W. Impact of COVID-19 pandemic on micro, small, and medium-sized Enterprises
operating in Pakistan. Research in Globalization. 2020; 2:1-14.

Zhang Y, Ma ZF. Impact of the COVID-19 pandemic on mental health and quality of life among local res-
idents in Liaoning Province, China: A cross-sectional study. International Journal of Environmental
Research and Public Health. 2381st ed. 2020; 17(7):1—12. https://doi.org/10.3390/ijerph17072381
PMID: 32244498

PLOS ONE | https://doi.org/10.1371/journal.pone.0249270  April 29, 2021 21/22


https://doi.org/10.1016/j.tree.2018.01.013
http://www.ncbi.nlm.nih.gov/pubmed/29477443
http://www.fao.org/3/i3270e/i3270e.pdf
https://ssrn.com/abstract
https://academiccommons.columbia.edu/doi/10.7916/D85149GF
https://academiccommons.columbia.edu/doi/10.7916/D85149GF
http://econdse.org/wp-content/uploads/2012/02/vulnerability-assessment.pdf
http://econdse.org/wp-content/uploads/2012/02/vulnerability-assessment.pdf
https://elibrary.worldbank.org/doi/abs/10.1596/1813-9450-2437
https://elibrary.worldbank.org/doi/abs/10.1596/1813-9450-2437
http://www.usfinancialdiaries.org
https://lafollette.wisc.edu/images/publications/workshops/2015-income.pdf
https://lafollette.wisc.edu/images/publications/workshops/2015-income.pdf
https://doi.org/10.1101/2020.04.08.20058248
http://www.ncbi.nlm.nih.gov/pubmed/32511610
https://doi.org/10.3390/ijerph17072381
http://www.ncbi.nlm.nih.gov/pubmed/32244498
https://doi.org/10.1371/journal.pone.0249270

PLOS ONE

Impact of COVID-19 on households

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.
70.
71.

Baoxing. Baoxing County China [Internet]. Webpage. 2020. Available from: http://www.baoxing.gov.cn/
en/about.html.

Romanov BK. Coronavirus disease COVID-2019. Safety and Risk of Pharmacotherapy. 2020; 8(1):3—
8.

World Health Organization. WHO Timeline—COVID-19 [Internet]. WHO Archives. 2020 [cited 2020 Jun
5]. Available from: https://www.who.int/news-room/detail/27-04-2020-who-timeline—covid-19.

NBS China. National Bureau of Statistics of China Webiste [Internet]. 2020. Available from: http://www.
stats.gov.cn/enGliSH/.

Liu F, Murphy J. A qualitative study of Chinese wine consumption and purchasing: Implications for Aus-
tralian wines. International Journal of Wine Business Research. 2007; 19(2):98-113.

Ali A, Ahmed M, Hassan N. Socioeconomic impact of COVID-19 pandemic: Evidence from rural moun-
tain community in Pakistan. Journal of Public Affairs. 2355th ed. 2020;1-9. https://doi.org/10.1002/pa.
2355 PMID: 32904946

Massari R. A Measure of Welface Based on Permanent Income Hypothesis:An Application of Italian
Households Budgets. Giornale degli Economisti e Annali di Economia. 2005; 64(1):55-92.

Rodriguez G. Lecture Notes on Generalized Linear Models [Internet]. Webpage. 2007. Available from:
https://data.princeton.edu/wws509/notes/.

King JE. Binary Logistic Regression. In: Osborne, J Best Practices in Quantitative Methods. CA:
SAGE Publications, Inc.; 2008. p. 358—84.

Naga RMA. Identifying the Poor: A Multiple Indicator Approach Ramses M Abul Naga London School of
Economics and Political Science. daRP /9. 1994;.

Cronbach LJ. Coefficient alpha and the internal structure of tests. Psychometrika. 1951; 16(3):297—
334.

Bland JM, Altman DG. Cronbach’s alpha. Bmj. 1997; 314(7080):275.

DeVellis RF. Scale Development: Theory and Applications 3rd Edition. SAGE Open. Thousand Okas,
CA: SAGE publication Ltd; 2003.

Franke TM, Ho T, Christie CA. The Chi-Square Test: Often Used and More Often Misinterpreted. Amer-
ican Journal of Evaluation. 2012; 33(3):448-58.

Hosmer DW. Hosmer-Lemeshow Statistic. Hosmer-Lemeshow Statistic. 2005;.
Allison PD. Measures of Fit for Logistic Regression. SAS Global Forum 2014. 2014; 2(1970):1-12.

Padmanabhan A. The social cost of covid-19: surge in the new poor [Internet]. Opininion-Livemint CAP-
ITAL CALCULUS. 2020 [cited 2020 Jun 15]. Available from: https://www.livemint.com/opinion/columns/
opinion-the-social-cost-of-covid-19-surge-in-the-new-poor-11592152805990.html.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249270  April 29, 2021 22/22


http://www.baoxing.gov.cn/en/about.html
http://www.baoxing.gov.cn/en/about.html
https://www.who.int/news-room/detail/27-04-2020-who-timelinecovid-19
http://www.stats.gov.cn/enGliSH/
http://www.stats.gov.cn/enGliSH/
https://doi.org/10.1002/pa.2355
https://doi.org/10.1002/pa.2355
http://www.ncbi.nlm.nih.gov/pubmed/32904946
https://data.princeton.edu/wws509/notes/
https://www.livemint.com/opinion/columns/opinion-the-social-cost-of-covid-19-surge-in-the-new-poor-11592152805990.html
https://www.livemint.com/opinion/columns/opinion-the-social-cost-of-covid-19-surge-in-the-new-poor-11592152805990.html
https://doi.org/10.1371/journal.pone.0249270

