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Abstract 

The application of risk management strategies is a common approach in emergency response scenarios. However, 
scant knowledge exists regarding its utilization in the specific context of an outbreak, both theoretically and practi-
cally. This study delves into the realm of risk management during the COVID-19 pandemic, focusing on four key meas-
urements: risk avoidance (RA), risk reduction (RD), risk transfer (RT), and risk retention (RR). Using 800 valid responses 
collected from 31 provinces across China between August 1 and September 30, 2020, this study investigates spatial 
disparities in individuals’ intentions towards risk management. To achieve this, an extended version of the Theory 
of Planned Behavior (E-TPB) is applied. The Structural Equation Model’s path analyses revealed several findings: (1) 
discernible spatial disparities in RR, RA, and RD intentions between large and small cities; (2) RD and RR intentions 
were significantly associated with attitude, subjective norm, perceived behavioral control, and risk perception; (3) 
RA and RT intentions were significantly associated with attitude and risk perception; (4) risk perception exihibit-
ing both direct and indirect effects on RA and RR intentions. This study contributs to the urban studies literature 
by extending the theoretical framework of risk management in the context of COVID-19. It enhances the measure-
ment tools employed in the TPB model and scrutinizes spatial disparities in the adoption of preventative measures 
against COVID-19. The findings underscore the importance for local policymakers to consider geographical differ-
ences when formulating effective strategies for COVID-19 prevention.
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1 Introduction
The COVID-19 pandemic has resulted in significant 
human and financial losses worldwide. The case-fatality 
ratio was observed to be higher in rural areas compared 
to urban regions, as shown by the example in the United 
States (Iyanda et al. 2021). The global economic impact of 
pandemic-induced lockdowns is evident in the reported 
7.3% decline in the growth of gross domestic product 
(GDP) in 2020 compared to 2019 (Sanchez 2021). Nota-
bly, middle-income countries experienced the largest 
GDP growth decline, with a percentage point change of 
8.7% (Sanchez 2021). Despite the World Health Organi-
zation (WHO) emphasizing the importance of safe and 
effective COVID-19 vaccines in ending the pandemic, 
vaccination rates were lower in regions characterized by 
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lower socioeconomic status (Mollalo and Tatar 2021). 
Given the virus’s transmission through human contact, 
non-pharmaceutical interventions and protective meas-
ures, such as wearing face masks, handwashing, and 
practicing social distancing, have become essential policy 
options for controlling the spread (Yang et al. 2021).

Hence, it has become evident that the adverse effects 
of COVID-19 and the protective measures adopted to 
mitigate its impact may vary across regions (Huynh 2020; 
Mollalo and Tatar 2021; Trasberg and Cheshire 2021). 
These variations are likely influenced by how commu-
nities and individuals process or interpret information 
related to COVID-19, ultimately shaping their willing-
ness to adopt preventive measures (Bae and Chang 2021; 
Caserotti et  al. 2021). In such instances, psychological 
factors, including risk perception, play a crucial role in 
ensuring the effective implementation of risk manage-
ment measures (Chan et  al. 2020). The understanding 
of citizens’ cognitive processes and the clarification of 
the spatial distribution of their intentions regarding risk 
management are pivotal for the development of effec-
tive and contextually appropriate policies to prevent the 
spread of COVID-19 (Hornik et al. 2021; Li et al. 2021a, 
b). This significance is particularly pronounced in coun-
tries with large populations, such as China.

Theoretical underpinnings of risk management find 
extensive application in emergency response scenar-
ios (Krechowicz 2020; Sun and Yamori 2018). How-
ever, scant scholarly attention has been directed toward 
understanding its utilization within the context of pan-
demics, both in theoretical and practical dimensions. 
Addressing this gap, the present study enriches the 
existing literature on risk management by operational-
izing and applying four distinct categories, namely risk 
avoidance (RA), risk reduction (RD), risk transfer (RT), 
and risk retention (RR), to the intricate landscape of the 
COVID-19 pandemic. Notably, this investigation stands 
as the pioneering empirical endeavor to formulate meas-
ures and scrutinize factors influencing risk management 
intentions in the context of a pandemic.

Furthermore, this study contributes to the domain of 
psychology by adopting an extended version of the The-
ory of Planned Behavior (E-TPB) to explore the deter-
minants influencing the risk management intentions of 
Chinese citizens. The primary objectives of this research 
are fourfold: (1) to elucidate and define diverse metrics 
for assessing risk management concerning COVID-19; 
(2) to probe into the factors and pathways impacting 
individual intentions towards risk management; (3) to 
discern spatial differentials in COVID-19 risk manage-
ment intentions; and (4) to propose efficacious policies 
aimed at curbing the proliferation of COVID-19. This 
investigative trajectory is poised to offer insights into 

reaching Chinese populations through targeted inter-
ventions, thereby augmenting the adoption of protective 
measures against COVID-19 and enhancing prepared-
ness for potential future pandemics.

2  Literature review
2.1  Risk management measures for COVID‑19
The protective measures against COVID-19 can be cat-
egorized into four types within the risk management 
framework: risk avoidance, risk reduction/mitigation, 
risk transfer, and risk retention (Fernandez-Muniz et  al. 
2014; Krechowicz 2020; Reim et  al. 2016). While this 
classification of risk management measures is com-
monly utilized in the managing manufacturing and natu-
ral disaster risks (Reim et al. 2016; Tatano et al. 2004), it 
is rarely employed in studies focused on pandemics like 
COVID-19.

Risk avoidance involves reducing exposure to risks 
instead of implementing preventative actions (Eckerd 
2014). Throughout the pandemic, measures of RA have 
been widely implemented and adopted by governments 
globally. Examples include community lockdowns, stay-
at-home orders, and the reduction of unnecessary trips 
(Buffel et al. 2021; Wise et al. 2020; Sangiorgio and Parisi 
2020). Cross-cultural and international comparative stud-
ies have revealed the mixed success of RA measures (Sun 
et al. 2021; Trasberg and Cheshire 2021). For instance, a 
recent study on cultural differences in social distancing 
measures reported that countries with a higher degree of 
uncertainty avoidance, according to the Hofstede index, 
were associated with a higher proportion of implement-
ing social distancing measures (Huynh 2020).

Risk reduction involves the proactive implementa-
tion of preventive measures to diminish the causes and 
consequences of risks (Krechowicz 2020; Siegrist et  al. 
2021). Common RD measures for COVID-19 prevention 
include vaccination, sanitizing public places, and stock-
piling face masks and ventilators. COVID-19 vaccines are 
widely regarded as potentially effective and safe preven-
tion methods (WHO 2021). However, vaccine hesitancy 
prevails in many parts of the world, driven by percep-
tions of safety concerns and the belief that vaccination 
is unnecessary (Mollalo and Tatar 2021; Ward et  al. 
2020). For instance, Varotsos et al. (2021), utilizing global 
data on vaccination rates and socio-economic factors, 
reported that the correlation between the vaccinated 
population’s level and COVID-19 deaths is not consist-
ently evident. Additionally, individuals hold diverse per-
spectives on the importance and safety of wearing masks 
(Hornik et al. 2021).

The risk transfer refers to the complete or partial trans-
fer of risks to others (Legault and Chasserio 2012). This 
method is commonly used in the business sector to 
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mitigate financial losses by spreading the risk across mul-
tiple partners (Legault and Chasserio 2012; Tatano et al. 
2004). The most common RT measures are buying insur-
ance and shifting financial losses to insurance companies 
(Tallaki and Bracci 2021). The uncertainty accompanied 
with the COVID-19 pandemic, such as causes and con-
sequences of the infection, waiting line of treatment, and 
health rehabilitation cost, along with high mortality rate, 
have significantly increased people’s willingness to buy 
health insurance (Qian 2021; Seino et  al. 2021). Apply-
ing for bank loans is also an effective way of transferring 
temporary financial risks (Mirakhor et  al. 2017). The 
central banks of many countries have adopted monetary 
stimulus policies (e.g., small business financing) to lessen 
the economic recession (Ma et al. 2021). In China, bank 
loans for small businesses have been made more flexible 
and larger in areas that have been more severely affected 
by the pandemic (Song et al. 2021).

The risk retention means accepting the risk and 
increasing contingency plans (Krechowicz 2021). Indi-
viduals who use RR measures are usually better prepared 
to handle the risk; they can even profit from retaining 
the risk by pricing their offering accordingly (Reim et al. 
2016; Spring and Araujo 2009). When there are economic 
crises and emergency events (e.g., natural disasters), indi-
viduals reduce their consumption as a RR measure to 
lessen the financial risk (Sarmento et al. 2019). Evidence 
from China shows that people who are closer to the out-
break epicenter have a lower perception of the risk of 
infection, leading to less irrational consumption behavior 
such as stockpiling food (Li et al. 2021a, b). Furthermore, 
people with low-status consumption goals currently tend 
to purchase fewer luxury hospitality products than those 
with high-status consumption goals (Peng and Chen 
2021). Individuals’ attitude towards the efficacy and cost 
of the actions are key to the dissemination of RR meas-
ures (Siegrist et al. 2021; Trifiletti et al. 2021).

Until now, Chinese citizens’ intentions to adopt meas-
ures of RA, RD, RT, and RR during the pandemic have 
not been known. It can be beneficial to clarify the poten-
tial predictive factors on these intentions to design effect 
and appropriate COVID-19 prevention policies.

3  Research hypotheses
The model of Theory of Planned Behavior (TPB) states 
that three predictive factors shape the behavioral inten-
tion to prevent risks: attitude toward the behavior 
(attitude), subjective norm (sub_norm), and perceived 
behavioral control (per_control) (Rezaei et  al. 2019; Shi 
and Kim 2020; Trifiletti et al. 2021). Behavioral intention 
refers to an individual’s willingness to try and motiva-
tion to exert an effort, in order to perform the behavior 
(Ajzen 1991). In this study, intention refers to a person’s 

willingness and motivation to adopt the four types of 
COVID-19 risk management measures (e.g., RA, RD, RT, 
and RR).

According to the TPB, attitude refers to the degree to 
which an individual has a favorable or unfavorable evalu-
ation or appraisal of the behavior; sub_norm refers to the 
perceived social pressure to perform or not to perform 
the behavior; per_control refers to the perceived ease or 
difficulty of performing the behavior (Ajzen 1991, 2011). 
In the current study, we use the following definitions: 
(1) attitude is the degree to which a person has a posi-
tive or negative view of performing COVID-19 risk man-
agement measures; (2) sub_norm is the degree to which 
a person believes that significant others (e.g., family and 
friends) and the community would approve and support 
these risk management measures; (3) per_control is the 
degree to which a person has the ability and resources 
(e.g., vaccine, body immunity) to carry out these risk 
management measures. The more favorable the attitude 
and sub_norm, and the greater the per_control concern-
ing behavior, the stronger an individual’s intention should 
be to perform that behavior (Ajzen 1991; Armitage and 
Conner 2001). Drawing on the TPB model, the following 
hypotheses are proposed:

H1: The attitude towards COVID-19 protective 
behavior is positively associated with the intention to 
adopt risk management measures.
H2: The subjective norm regarding COVID-19 pro-
tective behavior is positively associated with the 
intention to adopt risk management measures.
H3: The perceived behavioral control regarding 
COVID-19 protective behavior is positively associ-
ated with the intention to adopt risk management 
measures.

In risk management studies, risk perception has long 
been acknowledged as a robust predictive factor for peo-
ple’s intentions to take preventive action (Siegrist et  al. 
2021; Taylor and Snyder 2017; Wang et  al. 2018). How-
ever, few studies have used risk perception as an addi-
tional explanatory variable in the TPB model to obtain a 
comprehensive understanding of individuals’ intentions 
for risk management (Shi and Kim 2020; Trifiletti et  al. 
2021). Recently, a study in Italy reported that risk per-
ception is significantly associated with individuals’ will-
ingness to perform COVID-19 preventive behavior (e.g., 
social distancing) (Trifiletti et  al. 2021). Hence, drawing 
on the TPB model and previous studies, we construct 
an E-TPB model to predict Chinese citizens’ intentions 
of taking COVID-19 risk management measures. The 
theoretical framework is shown in Fig.  1. The following 
hypotheses are proposed:
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H4-1: Risk perception has a direct positive associa-
tion with the intention to adopt risk management 
measures.
H4-2: Risk perception has an indirect positive asso-
ciation with the intention to adopt risk manage-
ment measures.

Many cross-sectional and international investigations 
report that people’s intentions of taking risk manage-
ment measures vary between regions (Vick et al. 2019; 
Yalçin et al. 2021) and countries (Appleby‐Arnold et al. 
2021). By comparing the disaster preparedness of urban 
and rural hospitals in New York State, Vick et al. (2019) 
found that differences were seen in disaster plan devel-
opment, available materials and resources, and disaster 
education. A study in China reported that the factors 
that predicted COVID-19 preventive behaviors differed 
between urban and rural areas. For example, check-
ing of face mask wearing by policemen in public places 
was positively associated with protective actions in 
rural areas but not in urban areas (Zhang et al. 2021). 
Drawing on previous findings, the current study inves-
tigates spatial disparities in citizens’ intentions of tak-
ing COVID-19 risk management measures based on 
whether they are in large or small cities. Generally, the 
ranking of cities in China are calculated based on their 
economic development, infrastructure, and transporta-
tion system, and can be categoried into first-, second-, 
third-, and fourth-tier cities (Zhang et  al. 2016). For 
instance, first-tier cities (e.g., Beijing, Shanghai) are 
featured with large amout of GDP, and high-quality 
resource aggregation such as medical resource. In the 
current study, large cities refer to first- and second-tier 
cities, and small cities refer to third- and fourth-tier 

cities. Using the place of residence as a variable, the fol-
lowing hypothesis is proposed:

H5: The relationships between the E-TPB constructs 
(attitude, subjective norm, perceived behavioral con-
trol, and risk perception) and the intention to adopt 
risk management measures vary depending on the 
place of residence.

4  Constructs and data collection
4.1  Development of measurements
The constructs for the E-TPB model are taken from exist-
ing risk management studies (Krechowicz 2020; Rubin 
et al. 2009; Zhang et al. 2020a, b). They have been care-
fully designed to fit the context of the COVID-19 pan-
demic in China. A five-point Likert scale is used for 
the responses, ranging from “strongly disagree = 1” to 
“strongly agree = 5”. Appendix A shows the survey items.

It is worth noting that, numerous constructs allow for 
both reflective and formative measurements (Bagozzi 
2011; Christophersen and Konradt 2012). According to 
Christophersen and Konradt (2021), in a reflective meas-
urement model, the observed indicators are assumed to 
be caused by the latent variable, leading to an expectation 
of high internal consistency between the indicators. Con-
versely, in a formative measurement model, the observed 
indicators are assumed to cause the latent variable, and 
therefore, high correlations between the indicators are 
not generally expected. Hence, a measurement model 
based on risk management intentions may be determined 
by formative indicators, each representing a unique and 
distinguishable aspect of the construct. Given that the 
current study categorizes risk management measures into 
four types, each type offers a unique perspective on pre-
ventive behaviors related to COVID-19. These four cat-
egories are not interchangeable and cannot be combined 
into a single domain (Christophersen and Konradt 2012). 
In this study, formative indicators are applied to elucidate 
the TPB constructs, represented by the sum of the related 
indicators. Reflective indicators are employed to uncover 
the construct of risk perception because COVID-19 risk 
perception can be derived from an infinitive domain of 
items, such as the perceived likelihood of harm (Brewer 
et al. 2007; Shi and Kim 2020).

4.2  Data collection and sample description
A cross-sectional online questionnaire was used to col-
lect data on Chinese citizens’ intentions of taking risk 
management approaches to respond to the pandemic. A 
pilot test of the survey was conducted, which garnered 
eight responses, and the findings were used to refine 
the survey items. Using geographical location (that is, 
the province as stratum), a stratified sampling method 

Fig. 1 Theoretical framework of an E-TPB model. RP = risk perception; 
AT = attitutde; PBC = perceived behavioral control; SN = subjective 
norm; IN = intention
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was used to distribute the questionnaires and ensure the 
representativeness of the place of residence. A survey 
company, Wenjuan, was paid to help with the data collec-
tion from August 1 to September 30, 2020. Respondents 
might have received financial incentives.

Respondents were at least 18 years of age and provided 
consent before accessing the survey. A total of 800 valid 
responses were collected from 31 out of 34 provinces and 
areas. Any invalid/uncompleted responses were not pro-
vided by Wenjuan. The research protocol was approved 
by the China University’s Ethics Committee.

The demographics of the respondents are shown in 
Table  1. The gender distribution indicates a higher per-
centage of females (54.9%) compared to males (45.1%). 
The majority of respondents fell within the age range of 
21 to 40, with only 13.9% being older than 40. Addition-
ally, most respondents had completed either a three-year 
college or a four-year undergraduate degree. The survey 
included 450 respondents residing in large cities and 350 
respondents residing in small cities.

4.3  Data analysis
The assessments of the measurement model and struc-
tural model were carried out using R (Ver.4.0.5, Lavaan 
package). The maximum likelihood (ML) estimate was 
adopted and the confidence interval for indirect effects 
was estimated using bootstrapping with 5000 samples. 
The model fit indices in this study were based on the 
comparative-fit index (CFI) (Bentler 1990) and the root 
mean square error of approximation (RMSEA) (Browne 
and Cudeck 1992).

The correlation matrix for all variables is provided in 
Appendix B, revealing substantial internal correlations 
whithin the variables of four intra-groups: RA, RD, RT, 
and RR. Additionally, internal correlations were observed 
among variables between inter-groups; however, correla-
tion coefficients were notably higher within intra-groups 
than between inter-groups. For instance, within the RD 
intra-group, coefficients for RD_attitude, RD_per_con-
trol, RD_sub_norm, and RD intention were 0.66, 0.55, 
0.55, respectively. In contrast, coefficients between 
RD_attitude, RD_per_control, RD_sub_norm, and RA 
intention were 0.41, 0.32, 0.34, respectively. Although 
inter-group correlations suggested potential impacts 
of RD_attitude, RD_per_control, and RD_sub_norm on 
intentions of RA, RT, or RR, the significance of these 
impacts was considerably lower compared to RD intra-
group impacts. As highlighted in the literature review 
section, prior studies often examined factors influenc-
ing risk management without extending their exploration 
to those four dimensions of risk management (Brewer 
et  al. 2007; Caserotti et  al. 2021). The present results 
affirm the appropriateness of establishing four Structural 
Equation Models (SEMs) in this study to investigate the 
factors influencing individuals’ intentions in RA, RD, 
RT, and RR, respectively. Notably, this study is the first 
attempt to unveil influencing factors on each dimensions 
of risk management. Furthermore, it is observed that 
the constructs of attitude, sub_norm, and per_control 
can be appropriately measured using formative indica-
tors with intermediate internal consistency. Additionally, 
the construct of risk perception can be effectively meas-
ured using reflective indicators, exhibiting high internal 
consistency.

5  Results and discussion
The results of the theoretical model estimation are pre-
sented in Table  2. The model fit indices of the CFI are 
0.970, 0.999, 0.979, 0.991. They show a close fit as the 
suggested value of the CFI is above the threshold of 0.950 
(Bentler 1990). The model fit indices of the RMSEA are 
0.085, 0.017, 0.055, 0.047. They show appropriate fit as 
the suggested value of RMSEA is lower than the thresh-
old of 0.080 (Bentler 1990). Since the current study aims 
to understand the path analysis of influencing factors on 
risk management intentions, the R-squared value of the 
theoretical model for RA, RD, RT, and RR is reported. It 
shows that the variance of risk management intentions 
can be explained by the constructs of attitude, sub_norm, 
per_control, and risk perception.

5.1  Test of risk avoidance hypotheses
The results of the model regarding the direct effect 
of risk perception on RA intentions are as follows: 

Table 1 Demographic statistics (N = 800)

Variables N %

Gender

 Male 361 45.1

 Female 439 54.9

Age (year)

 21–30 318 39.7

 31–40 371 46.4

 41–50 89 11.1

 51 + 22 2.8

Education

 Less than high school 17 2.2

 Three-year college 301 37.6

 Four-year undergraduate 446 55.7

 At least master degree 36 4.5

Place of residence

 Large-scale city 450 56.2

 Small-scale city 350 43.8
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attitude (beta = 0.384, p < 0.001), sub_norm (beta = 0.283, 
p < 0.001), and risk perception (beta = 0.198, p < 0.001) 
have a significant positive effect on RA intentions. The 
results of the model regarding the indirect effect of risk 
perception on RA intentions are as follows: risk percep-
tion has a significant positive effect on RA intention 
through attitude (beta = 0.056, p = 0.001) and sub_norm 
(beta = 0.083, p < 0.001). These results indicate that H1 
(attitude is positively associated with risk management 
intention), H2 (subjective norm is positively associ-
ated with risk management intention), and H4-1 (risk 
perception is directly associated with risk management 
intention) are fully supported. H4-2 (risk perception is 
indirectly associated with risk management intention) is 
partly supported. H3 is rejected (Fig. 2).

These findings are consistent with previous studies 
(Chan et al. 2020). RA strategies, such as avoiding travel 
and steering clear of large gatherings during an outbreak, 
have already been confirmed to be effective (Aledort 
et  al. 2007). However, the legitimacy of such strategies 
may vary between countries (Sun et al. 2021). In such cir-
cumstances, sub_norm such as the autonomous organi-
zation of the community and the people around, as well 
as people’s attitudes toward the value of RA strategies, 
strongly impace behavioral intentions (Zhai et al. 2021). 
Meanwhile, the perceived risk of COVID-19, influenced 
by the lack of effective medical treatment, can lead indi-
viduals to intend to avoid contact with people or events 
associated with COVID-19 (Wise et al. 2020). However, 
per_control which typically requires additional resources 
or abilities for individuals to perform certain actions, is 
not a necessary factor when it comes to implementing 
RA strategies. In other words, individuals do not have 

to exert any additional effort to avoid performing pro-
tective behaviors. Therefore, when encouraging people 
to perform RA strategies, attitude, sub_norm, and risk 
perception are the most significant influencing factors. 
Policymakers should consider measures such as illustrat-
ing the risks of COVID-19 to the public, educating them 
about the values of avoidance actions, and motivating the 
local community to agree on shared RA strategies.

5.2  Test of risk reduction hypotheses
The results of the model regarding the direct effect of 
risk perception on RD intentions are as follows: atti-
tude (beta = 0.448, p < 0.001), per_control (beta = 0.201, 
p < 0.001), sub_norm (beta = 0.145, p < 0.001), and risk 
perception (beta = 0.137, p < 0.001) have a significant 
effect on RD intentions. The results of the model regard-
ing the indirect effect of risk perception on RD intentions 
show that risk perception has no significant effect on the 
intentions. These results indicate that H1 (attitude is pos-
itively associated with risk management intention), H2 
(subjective norm is positively associated with risk man-
agement intention), H3 (perceived behavioral control is 
positively associated with risk management intention), 
and H4-1 (risk perception is directly associated with 
risk management intention) are fully supported. H4-2 is 
rejected.

These findings are inconsistent with previous stud-
ies (Zhang et  al. 2020a, b). RD measures, such as get-
ting a vaccination against COVID-19 or stockpiling face 
masks require individuals to have additional resources 
and abilities. As per_control also requires extra effort, it 
is easy to understand the positive relationship between 
per_control and risk management intention. Meanwhile, 

Table 2 Estimation results of theoretical model

Risk avoidance Risk reduction Risk transfer Risk retention

Standardized 
coefficient

p‑value Standardized 
coefficient

p‑value Standardized 
coefficient

p‑value Standardized 
coefficient

p‑value

Direct effect Attitude → intention 0.384 < 0.001 0.448 < 0.001 0.286 < 0.001 0.414 < 0.001

Sub_norm → intention 0.283 < 0.001 0.145 < 0.001 0.014 0.727 0.138 < 0.001

Per_control → intention 0.013 0.700 0.201 < 0.001 0.034 0.420 0.089 0.015

Risk perception → intention 0.198 < 0.001 0.137 < 0.001 0.161 < 0.001 0.320 < 0.001

Indirect effect Risk perception → atti-
tude → intention

0.056 0.001 0.019 0.353 0.014 0.257 0.045 0.014

Risk perception → sub_
norm → intention

0.083 < 0.001 0.005 0.429 < 0.001 0.751 0.010 0.109

Risk perception → per_con-
trol → intention

0.004 0.699 0.014 0.120 0.002 0.462 0.014 0.031

CFI 0.970 0.999 0.979 0.991

RMSEA 0.085 0.017 0.055 0.047

R-squared 0.459 0.504 0.129 0.464
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unlike RA strategies which have been confirmed to be 
effective (Aledort et  al. 2007), RD strategies regarding 
COVID-19 (e.g., stockpiling face masks, using disposable 
chopsticks) have a limited effect when it comes to com-
bating COVID-19 (Maclntyre et al. 2009). Thus, individu-
als’ recognition of the values of RD strategies, along with 
the pressure exerted by the people around them, would 
encourage them to implement RD strategies. In addition, 
worries about COVID-19 infection and financial risks 
can encourage the adoption of RD strategies (Fadel et al. 
2021). Policymakers should show the public the effective-
ness of adopting RD strategies. Nevertheless, since indi-
viduals must have additional resources, policymakers 
should make sure that the opportunities for adopting RD 
strategies are fair, open, and transparent.

5.3  Test of risk transfer hypotheses
The results of the model regarding the direct effect 
of risk perception on RT intentions are as follows: 
attitude (beta = 0.286, p < 0.001) and risk perception 
(beta = 0.161, p < 0.001) have a significant effect on RT 
intentions. The variables of per_control and sub_norm 
do not affect RT intentions. The results of the model 
regarding the indirect effect of risk perception on RT 

intentions were that risk perception has no significant 
effect on RT intentions. These results indicate that H1 
(attitude is positively associated with risk management 
intention) and H4-1 (risk perception is directly asso-
ciated with risk management intention) are fully sup-
ported. H2, H3, and H4-2 are rejected.

These findings are consistent with previous studies 
(Dorfman 1998; Reim et al. 2016). In risk management 
science, RT measures are generally related to financial 
issues and can cause extra risks to counterparts (Kre-
chowicz 2021). To deal with personal financial risks, 
only the internal attributes such as personal recogni-
tion and understanding of the financial situation have 
legitimate effects (Dorfman 1998). It is quite easy to 
understand that the internal attributes of individuals’ 
attitudes and risk perception would motivate them to 
perform RT strategies. However, because sub_norm 
involves external social pressures, it sometimes has 
a weak influence on RT intentions. The per_control is 
sometimes influenced by external resources (e.g., stable 
income and mutual trust). Nevertheless, as resources 
such as mutual trust are sometimes affected by inter-
nal characteristics, further analysis on the relation-
ship between per_control and RT intentions is needed. 
When it comes to RT strategy, therefore, policymakers 

Fig. 2 Association between E-TPB constructs and risk management intention. i RA intention; ii RD intention; iii RT intention; iv RR intention
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should encourage financial agents such as banks to take 
the risks away from individuals during a pandemic.

5.4  Test of risk retention hypotheses
The results of the model regarding the direct effect of 
risk perception on RR intentions are as follows: atti-
tude (beta = 0.414, p < 0.001), per_control (beta = 0.089, 
p = 0.015), sub_norm (beta = 0.138, p < 0.001), and risk 
perception (beta = 0.320, p < 0.001) have a significant 
effect on RR intentions. The results of the model regard-
ing the indirect effect of risk perception on RR intentions 
are as follows: risk perception has a significant positive 
effect on RR intentions through attitude (beta = 0.045, 
p = 0.014) and per_control (beta = 0.014, p = 0.031). These 
results indicate that H1 (attitude is positively associated 
with risk retention intentions), H2 (subjective norm is 
positively associated with risk retention intentions), H3 
(perceived behavioral control is positively associated 
with risk retention intentions), and H4-1 (risk perception 
is directly associated with risk retention intentions) are 
fully supported. H4-2 is partly supported.

In risk management science, RR strategy involves 
both internal and external attributes (Spring and Araujo 
2009). An individual who uses RR strategy usually has a 
strong ability to handle the risk, or they have additional 
resources to profit from retaining the risk (Krechow-
icz 2021; Spring and Araujo 2009). Therefore, it is easy 
to understand the significant relationships between the 
internal attributes (e.g., attitude and risk perception), 
external attributes (e.g., per_control and sub_norm), and 
risk retention intention. In contrast to the other three 
risk management strategies, RR strategies are usually 
formed through private markets (Reim et al. 2016). Thus, 
policymakers need to understand the situation regard-
ing RR intention. They must take appropriate measures 
like providing subsidies for face mask factories to ensure 
there is adequate supply during the pandemic.

5.5  Test of spatial disparity hypotheses
The measurement invariance and equivalence of the 
structural models between groups living in large and 
small cities were tested. The factor of the place of resi-
dence (place) was used to measure any spatial dispari-
ties in individuals’ intention of taking risk management 
measures. A set of nested models was established. Model 
place1 was a baseline model, in which all the factor load-
ings and path coefficients in the measurement model 
were estimated freely. Compared to place1, model place2 
examined the invariance of the factor loadings, in which 
all factor loadings in the measurement model were made 
to be equal. Compared to place2, model place3 exam-
ined the invariance of the path coefficients of the TPB 
constructs, in which all the path coefficients of the TPB 

constructs were made to be equal. Compared to place3, 
model place4 examined the invariance of the path coeffi-
cients of the E-TPB constructs, in which all the path coef-
ficients of the E-TPB constructs were made to be equal.

The results in Table  3 reveal that, when it comes to 
risk management intentions, there were only significant 
spatial disparities in RR intentions (place2, p = 0.017). 
For the pathways of the TPB constructs relating to risk 
management intentions, significant spatial disparities 
were seen in RA intentions (place3, p = 0.021). For the 
pathways of the E-TPB constructs relating to risk man-
agement intentions, significant spatial disparities were 
seen in RD intentions (place4, p = 0.007). No significant 
spatial disparities were seen in RT intentions. Therefore, 
H5 (the relationships between E-TPB constructs and risk 
management intention are variant across the place of res-
idence) was partly supported.

The reasons for the spatial disparities in RR intentions 
(e.g., saving money and reducing consumption) may 
be that people living in large cities have higher incomes 
and higher levels of consumption than those living in 
small cities (Tang et al. 2020). The rational provided was 
that the dummy variable of residential place (large city 
vs. small city) might exhibit a notable correlation with 
individuals’ income.This proposition is grounded in the 
hierarchical classification of cities in China, which is 
organized into first-, second-, third-, and fourth-tier cate-
gories. This classification primarily hinges on factors such 
as economic development, infrastructure, and transpor-
tation systems specific to each city (Zhang et  al. 2016). 
Also, people who have ample resources and stable wages 
could afford losses during the COVID-19 pandemic and 
so could adopt risk retention measures. However, in 
small cities, people typically keep their consumption lev-
els low because they have lower incomes. Therefore, they 
cannot afford to reduce consumption further.

The reasons for the spatial disparities in RA intentions 
(e.g., avoiding the consumption of imported food and 
avoiding travel) may be that people living in large cities 
have to change their lifestyle when performing RA meas-
ures, while those living in small cities do not. For peo-
ple who live in large cities and have guaranteed incomes 
and holidays, consuming imported food and traveling 
periodically have become part of life (Li et  al. 2021a, 
b). For people in small cities, due to the slow develop-
ment of industry, low income and unstable holidays are 
a part of life. Therefore, taking RA measures would cost 
less money and be less emotional for people in small cit-
ies than for people in large cities. Moreover, the explo-
ration of disparities across residential locations was a 
prevalent theme in the context of COVID-19 research. 
Numerous prior studies employed residential place as a 
variable to investigate spatial disparities in COVID-19 
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case fatality ratios and COVID-19 vaccination coverage 
in the US (Murthy et al. 2021), as well as in knowledge, 
behavior, and mental health in China (Zhang et al. 2021). 
Consequently, the current study aligns with and builds 
upon the insights gleaned from these antecedent inves-
tigations, focusing on discerning spatial disparities in risk 
management intentions. Importantly, the formulation 
of COVID-19 policies has been primarily tailored to the 
unique circumstances of local cities. Indeed, over the past 
three years, distinct cities in China have implemented 
markedly different strategies to curb the pandemic (Sun 
et  al. 2023). The findings of our study furnish academic 
support for the development of future pandemic policies 
tailored to diverse regions.

The reason for the spatial disparities in RD intentions 
(e.g., vaccination, stockpiling face masks) might be that it 
is easier for people living in large cities to access to medi-
cal equipment because the logistics and market systems 
are better developed than those in small cities. With the 
rapid development and authorization of COVID-19 vac-
cines, safety and effectiveness have become the main 
concerns among Chinese people, especially among peo-
ple with higher levels of education in large cities (Chen 
et al. 2021). Additionally, the huge difference of socioeco-
nomic status between large and small cities (Zhang et al. 
2016) may also contribute to spatial disparities in taking 
RD measures.

5.6  Limitations
An evident limitation within the current study pertains to 
the novel methodologies employed for assessing the four 
delineated categories of risk management in the context 
of a pandemic. The study operationalized four risk man-
agement categories—namely, risk avoidance, risk reduc-
tion, risk transfer, and risk retention—and extended their 
applicability to the context of COVID-19. However, the 
methodologies employed for the measurement of these 
categories are innovative and relatively recent. Conse-
quently, the study utilized formative indicators to gauge 
constructs within the TPB model, resulting in a dimin-
ished level of internal consistency. Subsequent to this 
observation, it is imperative to underscore the necessity 
for further theoretical refinement in the measurement 
protocols.

Moreover, the study employed cross-sectional sur-
vey data to validate the efficacy of the E-TPB model. 
It is crucial to acknowledge that the outcomes of this 
approach may be susceptible to data bias. In light of this, 
it is recommended that future investigations consider the 
adoption of longitudinal datasets to discern causal rela-
tionships between indicators in the E-TPB model. Such 
longitudinal analyses would provide a more robust foun-
dation for understanding the temporal dynamics and 
causal pathways associated with the constructs under 
investigation.

Table 3 Multi-group analysis results between large and small cities

Model df AIC BIC Chi‑square Chi‑square 
difference

df difference p‑value

risk_avoid

 Model place1 16 17,077.194 17,330.163 66.912 NA NA NA

 Model place2 18 17,075.764 17,319.363 69.482 2.570 2.000 0.277

 Model place3 24 17,079.509 17,309.054 79.227 9.745 3.000 0.021

 Model place4 23 17,077.557 17,288.364 85.275 6.048 4.000 0.196

risk_reduc

 Model place1 16 18,918.741 19,171.710 20.199 NA NA NA

 Model place2 18 18,917.237 19,160.836 22.695 2.496 2.000 0.287

 Model place3 24 18,912.895 19,142.441 24.354 1.659 3.000 0.646

 Model place4 23 18,919.138 19,129.945 38.596 14.242 4.000 0.007

risk_trans

 Model place1 16 18,162.045 18,415.014 48.758 NA NA NA

 Model place2 18 18,160.866 18,404.466 51.579 2.821 2.000 0.244

 Model place3 24 18,159.882 18,389.428 56.595 5.016 3.000 0.171

 Model place4 23 18,161.174 18,371.982 65.887 9.292 4.000 0.054

risk_reten

 Model place1 16 17,995.674 18,248.643 40.180 NA NA NA

 Model place2 18 17,999.869 18,243.468 48.374 8.194 2.000 0.017

 Model place3 24 17,994.508 18,224.054 49.013 0.639 3.000 0.887

 Model place4 23 18,000.502 18,211.309 63.007 13.994 4.000 0.007
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Another constraint inherent in this study pertains to 
the absence of transnational comparative research. Given 
that our data were exclusively derived from Chinese 
sources, the prospect of cross-national comparisons was 
precluded. Nevertheless, empirical evidence underscores 
the adoption of notably stringent measures by China in 
response to the COVID-19 crisis, including the imple-
mentation of mandatory policies to ensure public com-
pliance (Sun et al. 2023). These obligatory directives may 
exert a discernible influence on individuals’ proclivities 
towards embracing protective behaviors against COVID-
19. It is recommended that future investigations extend 
their research ambit to encompass multinational com-
parisons, thereby addressing this inherent limitation and 
advancing a more nuanced understanding of the intrica-
cies surrounding the adoption of protective behaviors in 
the context of a pandemic.

6  Conclusion
To understand Chinese people’s intentions to take risk 
management measures during the pandemic, this study 
has clarified and developed measurements for four cat-
egories of risk management. The study has empirically 
examined an E-TPB model that describes how attitude, 
subjective norm, perceived behavioral control, and risk 
perception affect risk management intentions for those 
four categories.

The major findings in this study are as follows. First, 
attitude has the most substantial direct positive effect 
on risk management intentions. Second, risk perception 
has direct and indirect effects on risk avoidance and risk 
retention intentions. Third, both subjective norm and 
perceived behavioral control positively affect risk reduc-
tion and risk retention intentions, and subjective norm 
also positively affects risk avoidance intention. Fourth, 
there were spatial disparities in risk transfer, risk avoid-
ance, and risk reduction intentions between large and 
small cities.

This study contributed to the literature concerning risk 
management by applying the four categories of risk man-
agement to the situation of COVID-19 pandemic. To 
our knowledge, this is the first study that has empirically 
developed measures and examined factors affecting risk 
management intentions for COVID-19. This study also 
contributed to the literature by extending the TPB frame-
work to an E-TPB model. The findings of the E-TPB model 
provide further empirical support for Trifiletti et al. (2021), 

who have reported that risk perception was a significant 
predictor of social distancing. Nevertheless, our study cat-
egorized detailed risk management measures, providing a 
more comprehensive account. From the perspective of geo-
graphical studies, this study has illustrated how the place 
of residence affects risk management intention. The results 
of the study show that local policymakers should consider 
geographical differences when designing preventive strat-
egies for COVID-19. The effectiveness of those strategies 
can be improved by controlling for the place of residence.

From a practical standpoint, this study can help those 
responsible for managing the spread of COVID-19 to 
understand four categories of risk management. The fol-
lowing suggestions could be worth considering when 
implementing strategies for containing COVID-19. Risk 
managers should educate the public about the value of per-
forming risk reduction and risk retention measures such as 
social distancing and saving money. This is because attitude 
toward that strategy is a significant factor for behavioral 
intention. Following this, risk managers should emphasize 
the values of performing a strategy for the community as 
a whole. They should cultivate a shared sense of respon-
sibility in society. In this way, the subjective norm of per-
forming protective behaviors would be encouraged, which 
would have a significant effect on behavioral intention. Fur-
thermore, risk managers can provide additional resources 
and budgets such as face masks to enhance individuals’ 
abilities to adopt risk reduction measures. Thus, the per-
ceived behavioral control of performing protective strate-
gies would be strengthened, which would have a significant 
effect on behavioral intention. Meanwhile, risk managers 
should highlight the risks of COVID-19 infection and the 
risks of long-term COVID-19 containment to the public. 
This is because risk perception has been found to have a 
positive effect on behavioral intention.

Finally, when it comes to risk avoidance and risk trans-
fer measures, risk managers should focus on the attitude of 
individuals towards the pandemic and their perception of 
risk. This is because these internal attributes have a signifi-
cant effect on behavioral intention. Although no material 
resources from individuals are necessary to perform risk 
avoidance and risk transfer measures, self-sacrifice on free-
dom such as avoiding travel or social distancing is strongly 
required. Therefore, to motivate risk avoidance and risk 
transfer measures, risk managers should explore new ways 
of management based on local needs.
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Appendix A. Survey instrument

Construct/Item Mean S.D

Intention (IN)
IN_risk_avoidance

IN1 I will avoid consuming imported food (e.g., seafood) 
which may has coronavirus

3.79 0.85

IN2 I will avoid travelling in the next few months 3.68 0.97

IN_risk_reduction

IN3 I will get vaccinated ASAP when a COVID-19 vaccine 
is officially approved

3.34 0.85

IN4 I will stockpile face masks and disinfection in the next 
few months

3.78 0.95

IN5 I will use disposable chopsticks when eat out-
side in the next few months

3.74 0.94

IN_risk_transfer

IN6 I will borrow money from banks or friends in the next 
few months

2.59 0.97

IN7 I will buy multiple medical insurance in the next few 
months

3.23 0.92

IN_risk_retention

IN8 I will save money in the next few months 3.88 0.93

IN9 I will reduce consumption in the next few months 3.61 0.94

Attitude (AT)
AT_risk_avoidance

AT1 I do not think avoid consuming imported food would 
reduce the choices of delicious food

3.60 1.03

AT2 I do not think avoid travelling would restrict personal 
freedom

3.69 1.05

AT_risk_reduction

AT3 I do not think get a COVID-19 vaccine would under-
mine the health status

3.39 1.11

AT4 I do not think stockpile face masks and disinfection 
is waste of money

3.91 1.10

AT5 I do not think use disposable chopsticks would 
violate dining etiquette

4.01 1.08

AT_risk_transfer

AT6 I think borrow money from banks or friends is neces-
sary and possible

3.30 1.03

AT7 I think buy multiple medical insurance is beneficial 3.86 1.02

AT_risk_retention

AT8 I do not think save money is out of date 3.82 1.01

AT9 I do not think reduce consumption is out of date 3.70 1.02

Subjective norm (SN)

SN_risk_avoidance

SN1 When I plan to avoid consuming imported food, I 
hope my family/friends are willing to avoid together

3.59 0.90

Construct/Item Mean S.D

SN2 When I plan to avoid travelling, I hope my family/
friends are willing to avoid together

3.52 0.89

SN_risk_reduction

SN3 When I plan to vaccinate against COVID-19, I hope 
my family/friends are willing to vaccinate together

3.36 0.88

SN4 When I plan to stockpile face masks and disinfection, 
I hope my family/friends are willing to stockpile together

3.88 1.02

SN5 When I plan to use disposable chopsticks, I hope my 
family/friends are willing to use together

3.74 1.10

SN_risk_transfer

SN6 When I plan to borrow money from banks or friends, I 
hope my family will not look down on me

3.13 1.19

SN7 When I plan to buy multiple medical insurance, I 
hope my family/friends will buy together

3.54 1.06

SN_risk_retention

SN8 When I plan to save money, I hope my family/friends 
will save together

3.90 1.01

SN9 When I plan to reduce consumption, I hope my fam-
ily/friends will reduce together

3.65 1.06

Perceived behavioral control (PBC)
PBC_risk_avoidance

PBC1 I can resist the temptation and avoid consuming 
imported food during the pandemic

3.62 0.91

PBC2 I can resist the boring and avoid travelling dur-
ing the pandemic

3.17 0.89

PBC_risk_reduction

PBC3 I can accept the side effect and vaccinate 
against COVID-19

3.26 0.97

PBC4 I can buy and stockpile face masks and disinfection 
during the pandemic

3.55 0.86

PBC5 I can insist using disposable chopsticks dur-
ing the pandemic

3.83 0.91

PBC_risk_transfer

PBC6 I can borrow money from banks or friends dur-
ing the pandemic

3.05 1.08

PBC7 I can buy multiple medical insurance dur-
ing the pandemic

3.74 1.06

PBC_risk_retention

PBC8 I can insist saving money during the pandemic 3.65 1.10

PBC9 I can insist reducing consumption during the pan-
demic

3.43 1.06

Risk perception (RP)
RP1 I’m worried about infecting with COVID-19

3.39 0.99

RP2 I’m worried about the sequel from COVID-19 infec-
tion

3.72 0.99

RP3 I’m worried about the interruption of career develop-
ment from COVID-19

3.56 0.97
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Appendix B. Correlation matrix (ranges from − 1 to 1)
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RT  Risk transfer
RR  Risk retention

Acknowledgements
Not applicable.

Author contributions
XJ research design, methodology, data analysis. XW questionnaire design, data 
collection. YS literature review, methodology, text writing. LY questionnaire 
design, methodology, data collection. ZL questionnaire design, data collec-
tion. SS text revision. All authors contributed to and have approved the final 
manuscript.

Funding
This work was supported by the National Natural Science Foundation of China 
(#41907393 to Xinyu Jiang, #72204253 to Yingying Sun, #42177448 to Lijiao 
Yang). The funders of the study had no role in study design, data collection, 
data analysis and interpretation, or writing of the report.

Data availability
The datasets collected and analysed in the current study are not publicly avail-
able due to respondents’ privacy, but are available from the corresponding 
author on reasonable request.

Declarations

Competing interests
The authors declare that the work has not been published previously, that 
it is not under consideration for publication elsewhere, that its publication 
is approved by all authors, and that, if accepted, it will not be published 
elsewhere in the same form, in English or in any other language, including 
electronically without the written consent of the copyright-holder.



Page 13 of 14Jiang et al. Management System Engineering             (2024) 3:2  

Received: 31 October 2022   Revised: 30 December 2023   Accepted: 30 
January 2024

References
Ajzen, I. 1991. The theory of planned behavior. Organizational Behavior and 

Human Decision Processes 50 (2): 179–211. https:// doi. org/ 10. 1016/ 0749- 
5978(91) 90020-T.

Ajzen, I. 2011. The theory of planned behaviour: Reactions and reflections. 
Psychology & Health 26 (9): 1113–1127. https:// doi. org/ 10. 1080/ 08870 446. 
2011. 613995.

Aledort, J.E., N. Lurie, J. Wasserman, and S.A. Bozzette. 2007. Non-pharmaceu-
tical public health interventions for pandemic influenza: An evaluation 
of the evidence base. BMC Public Health 7: 9. https:// doi. org/ 10. 1186/ 
1471- 2458-7- 208.

Appleby-Arnold, S., N. Brockdorff, I. Jakovljev, and S. Zdravković. 2021. Disaster 
preparedness and cultural factors: A comparative study in Romania and 
Malta. Disasters 45 (3): 664–690. https:// doi. org/ 10. 1111/ disa. 12433.

Armitage, C.J., and M. Conner. 2001. Efficacy of the theory of planned 
behaviour: A meta-analytic review. British Journal of Social Psychology 40: 
471–499. https:// doi. org/ 10. 1348/ 01446 66011 64939.

Bae, S.Y., and P.-J. Chang. 2021. The effect of coronavirus disease-19 (COVID-
19) risk perception on behavioural intention towards ‘untact’ tourism in 
South Korea during the first wave of the pandemic. Current Issues in Tour-
ism 24 (7): 1017–1035. https:// doi. org/ 10. 1080/ 13683 500. 2020. 17988 95.

Bagozzi, R.P. 2011. Measurement and meaning in information systems and 
organizational research: Methodological and philosophical foundations. 
Mis Quarterly 35 (2): 261–292.

Bentler, P.M. 1990. Comparative fit indexes in structural models. Psychological 
Bulletin 107 (2): 238–246. https:// doi. org/ 10. 1037/ 0033- 2909. 107.2. 238.

Brewer, N.T., G.B. Chapman, F.X. Gibbons, M. Gerrard, K.D. McCaul, and N.D. 
Weinstein. 2007. Meta-analysis of the relationship between risk percep-
tion and health behavior: The example of vaccination. Health Psychology 
26 (2): 136–145. https:// doi. org/ 10. 1037/ 0278- 6133. 26.2. 136.

Browne, M.W., and R. Cudeck. 1992. Alternative ways of assessing model fit. 
Sociological Methods & Research 21 (2): 230–258. https:// doi. org/ 10. 1177/ 
00491 24192 02100 2005.

Buffel, T., S. Yarker, C. Phillipson, L. Lang, C. Lewis, P. Doran, and M. Goff. 2021. 
Locked down by inequality: Older people and the COVID-19 pandemic. 
Urban Studies. https:// doi. org/ 10. 1177/ 00420 98021 10410 18.

Caserotti, M., P. Girardi, E. Rubaltelli, A. Tasso, L. Lotto, and T. Gavaruzzi. 2021. 
Associations of COVID-19 risk perception with vaccine hesitancy over 
time for Italian residents. Social Science & Medicine 272: 113688. https:// 
doi. org/ 10. 1016/j. socsc imed. 2021. 113688.

Chan, D.K.C., C.-Q. Zhang, and K.W. Josefsson. 2020. Why people failed to 
ddhere to COVID-19 preventive behaviors? Perspectives from an inte-
grated behavior change model. Infection Control & Hospital Epidemiology. 
https:// doi. org/ 10. 1017/ ice. 2020. 245.

Chen, M.S., Y.J. Li, J.S. Chen, Z.Y. Wen, F.L. Feng, H.C. Zou, C.X. Fu, L. Chen, Y.L. 
Shu, and C.J. Sun. 2021. An online survey of the attitude and willingness 
of Chinese adults to receive COVID-19 vaccination. Human Vaccines & 
Immunotherapeutics. https:// doi. org/ 10. 1080/ 21645 515. 2020. 18534 49.

Christophersen, T., and U. Konradt. 2012. Development and validation of a 
formative and a reflective measure for the assessment of online store 
usability. Behaviour & Information Technology 31 (9): 839–857. https:// doi. 
org/ 10. 1080/ 01449 29x. 2010. 529165.

Dorfman, M.S. 1998. Introduction to risk management and insurance. Pearson 
Higher Education.

Eckerd, A. 2014. Risk management and risk avoidance in agency decision 
making. Public Administration Review 74 (5): 616-U197. https:// doi. org/ 10. 
1111/ puar. 12240.

Fadel, T., J. Travis, S. Harris, and G. Webb. 2021. The roles of experiences and risk 
perception in the practice of preventative behaviors of COVID-19. Patho-
gens and Global Health. https:// doi. org/ 10. 1080/ 20477 724. 2021. 19575 95.

Fernandez-Muniz, B., J. Montes-Peon, and C. Vazquez-Ordas. 2014. Safety lead-
ership, risk management and safety performance in Spanish firms. Safety 
Science 70: 295–307. https:// doi. org/ 10. 1016/j. ssci. 2014. 07. 010.

Hornik, R., A. Kikut, E. Jesch, C. Woko, L. Siegel, and K. Kim. 2021. Association of 
COVID-19 misinformation with face mask wearing and social distancing 
in a nationally representative US sample. Health Communication 36 (1): 
6–14. https:// doi. org/ 10. 1080/ 10410 236. 2020. 18474 37.

Huynh, T.L.D. 2020. Does culture matter social distancing under the COVID-19 
pandemic? Safety Science 130: 104872. https:// doi. org/ 10. 1016/j. ssci. 2020. 
104872.

Iyanda, A.E., K.A. Boakye, Y.M. Lu, and J.R. Oppong. 2021. Racial/ethnic hetero-
geneity and rural-urban disparity of COVID-19 case fatality ratio in the 
USA: A negative binomial and GIS-based analysis. Journal of Racial and 
Ethnic Health Disparities. https:// doi. org/ 10. 1007/ s40615- 021- 01006-7.

Krechowicz, M. 2020. Comprehensive risk management in horizontal direc-
tional drilling projects. Journal of Construction Engineering and Manage-
ment 146 (5): 11. https:// doi. org/ 10. 1061/ (asce) co. 1943- 7862. 00018 09.

Krechowicz, M. 2021. The hybrid fuzzy fault and event tree analysis in the 
geotechnical risk management in HDD projects. Georisk-Assessment and 
Management of Risk for Engineered Systems and Geohazards 15 (1): 12–26. 
https:// doi. org/ 10. 1080/ 17499 518. 2020. 17236 46.

Legault, M.-J., and S. Chasserio. 2012. Professionalization, risk transfer, and the 
effect on gender gap in project management. International Journal of 
Project Management 30 (6): 697–707. https:// doi. org/ 10. 1016/j. ijpro man. 
2011. 11. 004.

Li, L., S. Zhang, J. Wang, X. Yang, and L. Wang. 2021a. Governing public 
health emergencies during the coronavirus disease outbreak: Lessons 
from four Chinese cities in the first wave. Urban Studies. https:// doi. org/ 
10. 1177/ 00420 98021 10493 50.

Li, S., Z. Zhang, Y. Liu, and S. Ng. 2021b. The closer I am, the safer I feel: The 
“distance proximity effect” of COVID-19 pandemic on individuals’ risk 
assessment and irrational consumption. Psychology & Marketing 38 (11): 
2006–2018. https:// doi. org/ 10. 1002/ mar. 21552.

Ma, Y.C., Z.G. Chen, M.T. Mahmood, and S. Shahab. 2021. The monetary 
policy during shocks: An analysis of large Asian economies’ response to 
COVID-19. Economic Research-Ekonomska Istrazivanja. https:// doi. org/ 
10. 1080/ 13316 77x. 2021. 19263 04.

Maclntyre, C.R., S. Cauchemez, D.E. Dwyer, H. Seale, P. Cheung, G. Browne, 
M. Fasher, J. Wood, Z.H. Gao, R. Booy, and N. Ferguson. 2009. Face mask 
use and control of respiratory virus transmission in households. Emerg-
ing Infectious Diseases 15 (2): 233–241. https:// doi. org/ 10. 3201/ eid15 
02. 081167.

Meier, K., T. Glatz, M.C. Guijt, M. Piccininni, M. van der Meulen, K. Atmar, 
A.-T.C. Jolink, T. Kurth, J.L. Rohmann, A.H. Zamanipoor Najafabadi, 
COVID-19 Survey Study group. 2020. Public perspectives on protective 
measures during the COVID-19 pandemic in the Netherlands, Germany 
and Italy: A survey study. PLoS ONE 15 (8): e0236917. https:// doi. org/ 10. 
1371/ journ al. pone. 02369 17.

Mirakhor, A., A. Ng, G. Dewandaru, and B.A. Hamid. 2017. Is the regime of 
risk transfer sustainable? Impossible contract and inequality. Research 
in International Business and Finance 41: 16–19. https:// doi. org/ 10. 
1016/j. ribaf. 2017. 04. 001.

Mollalo, A., and M. Tatar. 2021. Spatial modeling of COVID-19 vaccine 
hesitancy in the United States. International Journal of Environmental 
Research and Public Health 18 (18): 9488. https:// doi. org/ 10. 3390/ ijerp 
h1818 9488.

Ning, L., and Y.Q. Wang. 2020. Quantitative analysis of the COVID-19 
pandemic shock to household consumption in China. Frontiers 
of Economics in China 15 (3): 355–379. https:// doi. org/ 10. 3868/ 
s060- 011- 020- 0015-4.

Peng, N., and A. Chen. 2021. Consumers’ luxury restaurant reservation session 
abandonment behavior during the COVID-19 pandemic: The influence 
of luxury restaurant attachment, emotional ambivalence, and luxury 
consumption goals. International Journal of Hospitality Management 94: 
102891. https:// doi. org/ 10. 1016/j. ijhm. 2021. 102891.

Qian, X.H. 2021. The impact of COVID-19 pandemic on insurance demand: The 
case of China. European Journal of Health Economics 22 (7): 1017–1024. 
https:// doi. org/ 10. 1007/ s10198- 021- 01344-7.

Reim, W., V. Parida, and D.R. Sjodin. 2016. Risk management for product-service 
system operation. International Journal of Operations & Production Man-
agement 36 (6): 665–686. https:// doi. org/ 10. 1108/ ijopm- 10- 2014- 0498.

Rezaei, R., M. Seidi, and M. Karbasioun. 2019. Pesticide exposure reduction: 
Extending the theory of planned behavior to understand Iranian farmers’ 

https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1080/08870446.2011.613995
https://doi.org/10.1080/08870446.2011.613995
https://doi.org/10.1186/1471-2458-7-208
https://doi.org/10.1186/1471-2458-7-208
https://doi.org/10.1111/disa.12433
https://doi.org/10.1348/014466601164939
https://doi.org/10.1080/13683500.2020.1798895
https://doi.org/10.1037/0033-2909.107.2.238
https://doi.org/10.1037/0278-6133.26.2.136
https://doi.org/10.1177/0049124192021002005
https://doi.org/10.1177/0049124192021002005
https://doi.org/10.1177/00420980211041018
https://doi.org/10.1016/j.socscimed.2021.113688
https://doi.org/10.1016/j.socscimed.2021.113688
https://doi.org/10.1017/ice.2020.245
https://doi.org/10.1080/21645515.2020.1853449
https://doi.org/10.1080/0144929x.2010.529165
https://doi.org/10.1080/0144929x.2010.529165
https://doi.org/10.1111/puar.12240
https://doi.org/10.1111/puar.12240
https://doi.org/10.1080/20477724.2021.1957595
https://doi.org/10.1016/j.ssci.2014.07.010
https://doi.org/10.1080/10410236.2020.1847437
https://doi.org/10.1016/j.ssci.2020.104872
https://doi.org/10.1016/j.ssci.2020.104872
https://doi.org/10.1007/s40615-021-01006-7
https://doi.org/10.1061/(asce)co.1943-7862.0001809
https://doi.org/10.1080/17499518.2020.1723646
https://doi.org/10.1016/j.ijproman.2011.11.004
https://doi.org/10.1016/j.ijproman.2011.11.004
https://doi.org/10.1177/00420980211049350
https://doi.org/10.1177/00420980211049350
https://doi.org/10.1002/mar.21552
https://doi.org/10.1080/1331677x.2021.1926304
https://doi.org/10.1080/1331677x.2021.1926304
https://doi.org/10.3201/eid1502.081167
https://doi.org/10.3201/eid1502.081167
https://doi.org/10.1371/journal.pone.0236917
https://doi.org/10.1371/journal.pone.0236917
https://doi.org/10.1016/j.ribaf.2017.04.001
https://doi.org/10.1016/j.ribaf.2017.04.001
https://doi.org/10.3390/ijerph18189488
https://doi.org/10.3390/ijerph18189488
https://doi.org/10.3868/s060-011-020-0015-4
https://doi.org/10.3868/s060-011-020-0015-4
https://doi.org/10.1016/j.ijhm.2021.102891
https://doi.org/10.1007/s10198-021-01344-7
https://doi.org/10.1108/ijopm-10-2014-0498


Page 14 of 14Jiang et al. Management System Engineering             (2024) 3:2 

intention to apply personal protective equipment. Safety Science 120: 
527–537. https:// doi. org/ 10. 1016/j. ssci. 2019. 07. 044.

Rubin, G.J., R. Amlot, L. Page, and S. Wessely. 2009. Public perceptions, anxi-
ety, and behaviour change in relation to the swine flu outbreak: Cross 
sectional telephone survey. BMJ-British Medical Journal 339: 8. https:// doi. 
org/ 10. 1136/ bmj. b2651.

Sanchez, J. M. (2021). COVID-19’s economic impact around the World. Federal 
Reserve Bank of ST. Louis. https:// www. stlou isfed. org/ publi catio ns/ regio 
nal- econo mist/ third- quart er- 2021/ covid 19s- econo mic- impact- world.

Sangiorgio, V., and F. Parisi. 2020. A multicriteria approach for risk assessment 
of Covid-19 in urban district lockdown. Safety Science. https:// doi. org/ 10. 
1016/j. ssci. 2020. 104862.

Sarmento, M., S. Marques, and M. Galan-Ladero. 2019. Consumption dynamics 
during recession and recovery: A learning journey. Journal of Retailing and 
Consumer Services 50: 226–234. https:// doi. org/ 10. 1016/j. jretc onser. 2019. 
04. 021.

Seino, S., Y. Nofuji, Y. Yokoyama, Y. Tomine, M. Nishi, T. Hata, S. Shinkai, Y. 
Fujiwara, and A. Kitamura. 2021. Impact of the first wave of the COVID-19 
pandemic on new applications for long-term care insurance in a metro-
politan area of Japan. Journal of Epidemiology 31 (6): 401–402. https:// doi. 
org/ 10. 2188/ jea. JE202 10047.

Shi, J., and H. Kim. 2020. Integrating risk perception attitude framework and 
the theory of planned behavior to predict mental health promotion 
behaviors among young adults. Health Communication 35 (5): 597–606. 
https:// doi. org/ 10. 1080/ 10410 236. 2019. 15732 98.

Siegrist, M., L. Luchsinger, and A. Bearth. 2021. The impact of trust and risk 
perception on the acceptance of measures to reduce COVID-19 cases. 
Risk Analysis 41 (5): 787–800. https:// doi. org/ 10. 1111/ risa. 13675.

Song, Q.Y., J. Du, and Y. Wu. 2021. Bank loans for small businesses in times of 
COVID-19: Evidence from China. Emerging Markets Finance and Trade 57 
(6): 1652–1661. https:// doi. org/ 10. 1080/ 15404 96x. 2021. 19008 20.

Spring, M., and L. Araujo. 2009. Service, services and products: Rethinking 
operations strategy. International Journal of Operations & Production Man-
agement 29 (5): 444–467. https:// doi. org/ 10. 1108/ 01443 57091 09535 86.

Sun, Y., and K. Yamori. 2018. Risk management and technology: Case studies of 
tsunami evacuation drills in Japan. Sustainability 10 (9): 2982. https:// doi. 
org/ 10. 3390/ su100 92982.

Sun, Y., Q. Hu, S. Grossman, I. Basnyat, and P. Wang. 2021. Comparison of 
COVID-19 information seeking, trust of information sources, and protec-
tive behaviors in China and the US. Journal of Health Communication. 
https:// doi. org/ 10. 1080/ 10810 730. 2021. 19875 90.

Sun, Y., P. Wang, and I. Basnyat. 2023. Voluntary or Mandatory Protective Policy? 
The Health Behavior Changes During the COVID-19 Wuhan Lockdown. 
Asia Pacific Journal of Public Health. https:// doi. org/ 10. 1177/ 10105 39523 
11588 65.

Tallaki, M., and E. Bracci. 2021. Risk allocation, transfer and management in 
public-private partnership and private finance initiatives: A systematic 
literature review. International Journal of Public Sector Mamagement 34 (7): 
709–731. https:// doi. org/ 10. 1108/ IJPSM- 06- 2020- 0161.

Tang, S., P. Hao, and J. Feng. 2020. Consumer behavior of rural migrant workers 
in urban China. Cities. https:// doi. org/ 10. 1016/j. cities. 2020. 102856.

Tatano, H., T. Homma, N. Okada, and S. Tsuchiya. 2004. Economic restoration 
after a catastrophic event: Heterogeneous damage to infrastructure and 
capital and its effects on economic growth. Journal of Natural Disaster 
Science 26 (2): 81–85.

Taylor, W., and L. Snyder. 2017. The influence of risk perception on safety: A 
laboratory study. Safety Science 95: 116–124. https:// doi. org/ 10. 1016/j. ssci. 
2017. 02. 011.

Trasberg, T., and J. Cheshire. 2021. Spatial and social disparities in the decline 
of activities during the COVID-19 lockdown in Greater London. Urban 
Studies. https:// doi. org/ 10. 1177/ 00420 98021 10404 09.

Trifiletti, E., S.E. Shamloo, M. Faccini, and A. Zaka. 2021. Psychological predic-
tors of protective behaviours during the Covid-19 pandemic: Theory of 
planned behaviour and risk perception. Journal of Community & Applied 
Social Psychology. https:// doi. org/ 10. 1002/ casp. 2509.

Varotsos, C.A., V.F. Krapivin, Y. Xue, V. Soldatov, and T. Voronova. 2021. COVID-19 
pandemic decision support system for a population defense strategy and 
vaccination effectiveness. Safety Science 142: 105370. https:// doi. org/ 10. 
1016/j. ssci. 2021. 105370.

Vick, D.J., A.B. Wilson, M. Fisher, and C. Roseamelia. 2019. Comparison of 
disaster preparedness between urban and rural community hospitals in 

New York State. Disaster Medicine and Public Health Preparedness 13 (03): 
424–428. https:// doi. org/ 10. 1017/ dmp. 2018. 85.

Wang, F., J. Wei, S. Huang, M. Lindell, Y. Ge, and H. Wei. 2018. Public reactions 
to the 2013 Chinese H7N9 Influenza outbreak: Perceptions of risk, stake-
holders, and protective actions. Journal of Risk Research 21 (7): 809–833. 
https:// doi. org/ 10. 1080/ 13669 877. 2016. 12473 77.

Ward, J.K., C. Alleaume, P. Peretti-Watel, and Coconel Grp. 2020. The French 
public’s attitudes to a future COVID-19 vaccine: The politicization of a 
public health issue. Social Science & Medicine 265: 6. https:// doi. org/ 10. 
1016/j. socsc imed. 2020. 113414.

WHO. (2021). COVID-19 Vaccines Advice. https:// www. who. int/ emerg encies/ 
disea ses/ novel- coron avirus- 2019/ covid- 19- vacci nes/ advice.

Wise, T., T.D. Zbozinek, G. Michelini, C.C. Hagan, and D. Mobbs. 2020. Changes 
in risk perception and self-reported protective behaviour during the first 
week of the COVID-19 pandemic in the United States. Royal Society Open 
Science 7 (9): 13. https:// doi. org/ 10. 1098/ rsos. 200742.

Yalçin, S.S., G. Gezgen Kesen, B. Güçiz Doğan, S. Yalçin, S. Acar Vaizoğlu, and K. 
Yurdakök. 2021. Environmental risk perception of mothers and presence 
of risk factors in rural and urban areas in Adana, Turkey. International 
Journal of Environmental Health Research. https:// doi. org/ 10. 1080/ 09603 
123. 2021. 19636 87.

Yang, T.-C., S. Kim, and S.A. Matthews. 2021. Face masking violations, policing, 
and COVID-19 death rates: A spatial analysis in New York City ZIP codes. 
The Professional Geographer 73 (4): 670–682. https:// doi. org/ 10. 1080/ 
00330 124. 2021. 19335 52.

Zhai, W., X. Fu, M. Liu, and Z.-R. Peng. 2021. The impact of ethnic segregation 
on neighbourhood-level social distancing in the United States amid the 
early outbreak of COVID-19. Urban Studies. https:// doi. org/ 10. 1177/ 00420 
98021 10501 83.

Zhang, H., L. Li, E. Hui, and V. Li. 2016. Comparisons of the relations between 
housing prices and the macroeconomy in China’s first-, second- and 
third-tier cities. Habitat International 57: 24–42. https:// doi. org/ 10. 1016/j. 
habit atint. 2016. 06. 008.

Zhang, L., H. Li, and K. Chen. 2020a. Effective risk communication for public 
health emergency: Reflection on the COVID-19 (2019-nCoV) outbreak 
in Wuhan, China. Healthcare 8 (1): 64. https:// doi. org/ 10. 3390/ healt hcare 
80100 64.

Zhang, Y., H. Yang, P. Cheng, and A. Luqman. 2020b. Predicting consumers’ 
intention to consume poultry during an H7N9 emergency: An extension 
of the theory of planned behavior model. Human and Ecological Risk 
Assessment 26 (1): 190–211. https:// doi. org/ 10. 1080/ 10807 039. 2018. 
15039 31.

Zhang, J., L. Zhu, S. Li, J. Huang, Z. Ye, Q. Wei, and C. Du. 2021. Rural–urban 
disparities in knowledge, behaviors, and mental health during COVID-19 
pandemic: A community-based cross-sectional survey. Medicine 100 (13): 
e25207. https:// doi. org/ 10. 1097/ MD. 00000 00000 025207.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.ssci.2019.07.044
https://doi.org/10.1136/bmj.b2651
https://doi.org/10.1136/bmj.b2651
https://www.stlouisfed.org/publications/regional-economist/third-quarter-2021/covid19s-economic-impact-world
https://www.stlouisfed.org/publications/regional-economist/third-quarter-2021/covid19s-economic-impact-world
https://doi.org/10.1016/j.ssci.2020.104862
https://doi.org/10.1016/j.ssci.2020.104862
https://doi.org/10.1016/j.jretconser.2019.04.021
https://doi.org/10.1016/j.jretconser.2019.04.021
https://doi.org/10.2188/jea.JE20210047
https://doi.org/10.2188/jea.JE20210047
https://doi.org/10.1080/10410236.2019.1573298
https://doi.org/10.1111/risa.13675
https://doi.org/10.1080/1540496x.2021.1900820
https://doi.org/10.1108/01443570910953586
https://doi.org/10.3390/su10092982
https://doi.org/10.3390/su10092982
https://doi.org/10.1080/10810730.2021.1987590
https://doi.org/10.1177/10105395231158865
https://doi.org/10.1177/10105395231158865
https://doi.org/10.1108/IJPSM-06-2020-0161
https://doi.org/10.1016/j.cities.2020.102856
https://doi.org/10.1016/j.ssci.2017.02.011
https://doi.org/10.1016/j.ssci.2017.02.011
https://doi.org/10.1177/00420980211040409
https://doi.org/10.1002/casp.2509
https://doi.org/10.1016/j.ssci.2021.105370
https://doi.org/10.1016/j.ssci.2021.105370
https://doi.org/10.1017/dmp.2018.85
https://doi.org/10.1080/13669877.2016.1247377
https://doi.org/10.1016/j.socscimed.2020.113414
https://doi.org/10.1016/j.socscimed.2020.113414
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/covid-19-vaccines/advice
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/covid-19-vaccines/advice
https://doi.org/10.1098/rsos.200742
https://doi.org/10.1080/09603123.2021.1963687
https://doi.org/10.1080/09603123.2021.1963687
https://doi.org/10.1080/00330124.2021.1933552
https://doi.org/10.1080/00330124.2021.1933552
https://doi.org/10.1177/00420980211050183
https://doi.org/10.1177/00420980211050183
https://doi.org/10.1016/j.habitatint.2016.06.008
https://doi.org/10.1016/j.habitatint.2016.06.008
https://doi.org/10.3390/healthcare8010064
https://doi.org/10.3390/healthcare8010064
https://doi.org/10.1080/10807039.2018.1503931
https://doi.org/10.1080/10807039.2018.1503931
https://doi.org/10.1097/MD.0000000000025207

	Spatial disparities in risk management in China: application of the theory of planned behavior
	Abstract 
	1 Introduction
	2 Literature review
	2.1 Risk management measures for COVID-19

	3 Research hypotheses
	4 Constructs and data collection
	4.1 Development of measurements
	4.2 Data collection and sample description
	4.3 Data analysis

	5 Results and discussion
	5.1 Test of risk avoidance hypotheses
	5.2 Test of risk reduction hypotheses
	5.3 Test of risk transfer hypotheses
	5.4 Test of risk retention hypotheses
	5.5 Test of spatial disparity hypotheses
	5.6 Limitations

	6 Conclusion
	Appendix A. Survey instrument
	Appendix B. Correlation matrix (ranges from − 1 to 1)
	Acknowledgements
	References


