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Abstract

In the context of rapid urbanization, urban security has a huge impact on social stability, such as huge property losses and casualties. Especially in
extreme weather conditions, disasters will increase, thus the study of urban safety early warning systems is necessary. Firstly, this paper
introduces the current situation and problems of urban security. Then, the urban safety early warning systems and emergency response
mechanisms under snowstorm conditions are established and discussed according to the current situation. Finally, this paper puts forward
suggestions and measures for the urban safety emergency rescue guarantee mechanism in snowstorm conditions.
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Introduction

With the rapid development of science and technology,
society has entered the stage of rapid urbanization!'l. Urban
safety is a key factor affecting the sustainable development of
modern cities!?. However, urban security risks are constantly
increasing in the process of high-speed urbanizationl3l,
Compared with industrial production safety, urban safety
involves all aspects of our life, such as urban major hazard
sources, urban important institutions, urban important public
places, urban public infrastructure and so onl“. Once the scope
of disasters expands, urban safety accidents will become a
factor inducing social instability, seriously hindering the
sustainable development of society and the progress of human
civilization®l, Extreme weather is one of the main threats to
urban security and it has the characteristics of multi-agent,
multi-factor, multi-scale and variability®”], For example, urban
safety accidents such as fires and explosions may cause busi-
ness shutdowns, traffic jams, and social panic. Snowstorms are
a common extreme weather in the north and it is also frequent
in southern cities®9. In addition to causing blizzard freezing
meteorological disasters, snowstorms may also cause a series of
secondary and derivative disasters, such as traffic accidents,
geological disaster accidents, occupational hazard accidents,
industrial accidents and mass public accidents!'®'"], Once the
two situations occur at the same time, the scope of disaster
impact will inevitably be further expanded due to the coupling
effect and the development of emergency rescue operations
will be greatly affected.

Based on the above reasons, higher requirements have been
proposed for the construction of emergency response capa-
bility of urban security systems. At present, the means and
methods of dealing with urban safety accidents under
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snowstorm conditions are relatively simple and general''2. The
coupling effect of disaster accidents and urban safety acci-
dents caused by snowstorms and the differences between the
northern and southern regions have not been considered!'3!,
The emergency plans in the emergency system are not well
connected and coordinated. Therefore, the construction of the
urban safety early warning system, emergency response and
guarantee mechanism under snowstorms are necessary.

Current situation of urban safety emergency
response mechanisms

The urban safety emergency response mechanism is based
on the safety laws and operates through the cooperation of
safety emergency management systems. In developed western
regions, most modern cities have established urban safety
emergency response systems, especially in response to urban
safety accidents in extreme weather. In the event of urban
safety accidents, the emergency response system can quickly
offer emergency response to reduce property losses and casu-
alties. The federal emergency management agency (FEMA) is
the first emergency department in the United States to respond
quickly to urban safety risks by dividing emergency zones and
establishing offices. As shown in Fig. 1, the emergency manage-
ment includes four stages: prevention, preparation, response
and recovery. Japan has set up a central disaster prevention
conference committee. The responsibility is to dispatch
between central government departments, central govern-
ment agencies, local governments and local public agencies.
Some countries in northern Europe have rich experience in
emergency management under snowstorms and developed a
series of emergency systems to reduce disaster losses.
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Fig.1 Emergency management workflow.

The urbanization rate of China is slower than other western
countries, so is urban safety construction. However, since
20023, China has set up a series of major projects to make up
for the lack of public emergency response mechanism
construction. Especially, the general office of the state council
also set up a special research group to carry out the prepara-
tion of public emergency plans. By 2006, China issued the
national emergency plan for public emergencies, connecting
the provincial emergency plan for public emergencies of
provinces. Autonomous regions and municipalities directly
forming a horizontal and vertical urban security emergency
system under the leadership of the central government. At
present, the urban safety emergency system is mainly com-
posed of four stages: prevention, preparation, response and
evaluation. The emergency response mechanism mainly covers
four aspects: flood control and drought relief, highway, public
health and natural disasters. The degree of harm and the scope
involved, the urban safety accident grade is divided into partic-
ularly significant (grade 1), significant (grade Il), larger (grade IlI)
and general (grade IV).

However, there are still a series of problems in emergency
rescue. First, the functions of the emergency rescue depart-
ment are duplicated. Although these departments are indepen-
dent and are different in the content of emergency response,
there are still some overlapping parts. Especially the urban
safety accidents in snowstorms, multiple departments need to
cooperate with each other in emergency rescue. Thus, this will
be a waste of rescue forces and scattered rescue forces during
the rescue process. Moreover, the lack of specialized command
agencies in the rescue operations will lead to a passive position
of the rescue department in urban safety emergency rescue,
resulting in the poor effects of the rescue.

Secondly, snowstorms will decrease emergency response
speed and effect. Due to the snowstorm conditions, the frozen
roads will have serious impacts on the development of the
rescue. These effects will prolong the time to reach the scene of
the accident, and also improve the level requirement of rescue
equipment. For example, rescue personnel clothing not only
needs to have multi-functions , but also needs to be able to
operate normally at low temperatures.

Finally, the laws and regulations for urban safety emergency
response in snowstorms still have problems. Due to the lack of
relevant legal provisions of the emergency provisions, the rele-
vant plans dealing with snowstorms is not suitable for emer-
gency rescue. Moreover, in view of the existing relevant laws
and regulations, the systematic urban safety laws system has
not yet been formed. Although the government strongly
supports and promotes relevant laws and regulations, effective
response and participation have not been received from
society, enterprises and individuals. Moreover, some laws and
regulations are useless and have not played a real role in pre-
disaster prevention.
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Urban safety emergency response procedures
and mechanisms in showstorms

Snowstorm disasters are affected by the expansion of cities
and the concentration of various factors. In addition to urban
safety accidents, snowstorms can also cause secondary and
derivative disasters. However, the formation mechanism is
complex due to the destruction caused by snowstorms. Facing
the urban safety accidents under snowstorm conditions, the
local government should set up special emergency rescue
headquarters. The emergency rescue headquarters are not only
responsible for coordinating emergency rescue and resource
allocation during the disaster, but also need to pay attention to
the changes during snowstorms. According to the types of
urban accidents, experts in different fields are selected for
discussion to judge the types and grades of disasters. The
consequence of disasters should be evaluated in combination
with the severity of snowstorms and the influence scope of
accident. If the disaster exceeds the control ability, the situa-
tion should be reported immediately and the higher-level plan
should be initiated.

Urban security early warning systems in snowstorms

As the disaster caused by a snowstorm has a huge impact on
urban security, it is necessary to build a corresponding urban
security early warning system for snowstormsl'4. The content
of urban safety early warning work mainly consists of two parts:

(1) Safety early warning research and judgment;

(2) Safety pre-control and disposal.

As shown in Fig. 2, the safety early warning center consists of
the monitoring and collection center, the analysis and process-
ing center, the prediction and evaluation center, the preven-
tion and disposal center. Based on this system, the safety early
warning center can coordinate and complete the work of safety
early warning.

As shown in Fig. 3, the safety early warning system is mainly
composed of four parts: information monitoring, risk identifica-
tion, accident determination and consequence assessment.
Thus, the possible snowstorm weather and the resulting catas-
trophic accidents can be judged. Information monitoring is the
primary basic link in the early warning system. It is not only an
important prerequisite for the normal operation of the safety
early warning system, but also provides reliable data support
for subsequent identification, determination and evaluation.
Risk identification is the key to the system and uses the
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Fig.2 Urban security early warning system.
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Fig.3 The composition of safety early warning research.

information data obtained from monitoring for scientific analy-
sis to identify possible risks. Then, according to the identified
risks, the possible accidents are classified. Finally, experts and
technicians judge the risk degree of the accident and deter-
mine the risk level, duration and scope of influence. Finally, the
degree of loss which may be caused by the accident will be
evaluated.

For snowstorms, as shown in Table 1, the general snowstorm
warning signal is divided into four levels: Level | warning (red)
indicates that snowstorm disaster accidents are particularly
serious; Level Il warning (orange) indicates that the snowstorm
disaster accident is very serious; Grade Il warning (yellow)
indicates that the snowstorm disaster accident is serious; Grade
IV warning (blue) indicates that the snowstorm disaster is
generally serious.

According to the level of urban safety accidents and the level
of snowstorm weather, the matrix of urban safety level under
snowstorms is drawn, as shown in Fig. 4. From the diagram, the
level of urban safety accidents under snowstorms can be
judged. The impact level of snowstorms on urban safety acci-
dents can then be reflected. According to different risk levels,
emergency funds can be allocated reasonably and quickly to
provide a scientific basis for economic rescue work.

Based on the results of research and judgment, safety pre-
control treatment can avoid or reduce the losses caused by
snowstormsl'sl, The safety pre-control disposal includes three
stages of pre-preparation, control disposal and emergency
recovery. Pre-preparation is the main part of pre-control
disposal and provides a reliable guarantee for the develop-
ment of pre-control disposal. Control and disposal are based on
the types of accidents to conduct the relevant basic work, such
as safety education and evacuation training. After confirming
the release of the crisis, emergency recovery can effectively
prevent social panic.

Urban safety emergency response procedures in
snowstorms

At present, the urban public safety emergency mechanism is
mainly composed of crisis early warning mechanism, crisis deci-
sion-making mechanism, command and coordination mecha-
nism, resource mobilization mechanism, information release

Table 1. Snowstorm weather warning signal and grade.
No. Level Color Status

1 | warning The snowfall reached more than 15 mm
in 6 h or reached more than 15 mm and
the snowfall continues.

2 llwarning The snowfall reached more than 10 mm
in 6 h or reached more than 10 mm and
the snowfall continues.

3 lllwarning The snowfall reached more than 6 mm

in 12 h or reached more than 6 mm and
the snowfall continues.

The snowfall reached more than 4 mm
in 12 h or reached more than 4 mm and
the snowfall continues.

4 IVwarning -
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mechanism and emergency rescue mechanism. However, there
are many problems in the operation of the mechanism in snow-
storms. Especially, the unpredictability and destructiveness of
snowstorm weather pose a great threat to urban safety. Thus,
establishing the safety emergency response mechanism and
corresponding emergency response procedures for urban cities
in snowstorms is necessary, as shown in Fig. 5. The fire depart-
ment is responsible for the rescue work and field cleaning. The
emergency department is responsible for evacuation and the
wounded at the scene are treated by the hospital. The local
police station is responsible for vigilance control to prevent
riots. Weather monitoring is conducted by the meteorological
department. Field monitoring is carried out by the on-site
emergency command center and security experts provided
technical support.

When urban safety accidents occur during snowstorms, the
relevant government departments first need the possibility of
upgrading the safety accident level caused by the snowstorm
disaster level, so as to start the appropriate emergency rescue
planl'®., The process of emergency rescue should be led by the
government, implementing policies such as hierarchical
responsibility, unified dispatch, and departmental linkage. In
addition, according to the accident scene situation, If the disas-
ter control is beyond the scope of rescue capability, the higher
level plan should be implemented to increase the input of
emergency resources. In the process of rescue, the rescue of
the wounded, evacuation and transfer should be focused on to
reduce casualties. Moreover, monitoring personnel should
monitor the snowstorm in real-time to prevent the snowstorm
from affecting rescue activities. When the emergency is termi-
nated, the government should organize manpower and mate-
rial resources to restore the accident site, and experts must
evaluate the losses caused by the accident, thus improving the
emergency plan and action plan in time.

Urban safety emergency response mechanisms in
snowstorms

As Fig. 6 shows, the urban safety emergency response mech-
anism under snowstorms is mainly composed of the following
five parts. These parts are interrelated and cooperate with each
other. Each part will be introduced in detail later.

Urban safety monitoring and early warning mechanism
under snowstorms

In the process of establishing the urban safety monitoring
and early warning mechanism, key places such as urban key
ports, urban transportation hubs, and urban key protection
infrastructure should be included in the monitoring and early
warning systeml'7.18], |n addition, the safety early warning anal-
ysis and pre-control disposal of the monitoring results should
be implemented!?. Scientific technology such as cloud
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Fig.4 Urban safety accident grade in snowstorms.
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computing, the Internet, and social media should be fully
utilized, and regular monitoring of snowstorms should be
carried out(20,

Urban security emergency command mechanism in
snowstorms

Urban safety accidents may have coupling effects with snow-
storm weather disasters, and there are a series of characteris-
tics such as suddenness, complexity and uncertainty. The urban
safety emergency response center needs to establish and
improve the emergency command mechanism, and use

Page 4 of 7

computer technology to assist in emergency command, thus to
make scientific analysis, and quickly formulate countermea-
sures for effective emergency responsel2'l, By the emergency
command mechanism, relevant emergency resources are coor-
dinated, and possible secondary and derivative disasters are
judged, and emergency rescue operations can be commanded
to prevent further expansion of accidents.

Collaborative emergency response mechanism in snowstorms
The disposal of urban safety accidents under snowstorms not
only needs to face the snowstorms, but also deal with urban

Zhan et al. Emergency Management Science and Technology 2023, 3:10
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safety accidents in harsh environments2223], Thus, the ranking
of the conduct the collaborative emergency response mecha-
nism is important?423l. With this mechanism, emergency
resources can be used reasonably and the rescue efficiency can
be improved(26:27],

Urban safety information management mechanism in
snowstorms

In the process of emergency rescue, a large amount of infor-
mation related to urban safety accidents can be collected28!,
The emergency command center should be quickly estab-
lished for information collection, analysis, research and release,
so as to avoid the formation of information barriers due to the
delay of information transmission. The information center is
responsible for the collection of real-time status on site, and the
communication operator is responsible for ensuring smooth
communication. At the same time, formulate information
collection standards and release workflows to avoid social
panic.

Urban safety technology service mechanism in snowstorms

In the face of urban safety accidents during snowstorms, the
complexity and challenge of emergency rescue are increasing,
which requires advanced science and technology as the strong
support. In the process of normalized monitoring and early
warning, relying on the information collection, analysis and
processing capabilities of the Internet, cloud computing and
Internet of things is necessary2%30, In the process of emer-
gency rescue, advanced emergency rescue equipment is also
needed, such as snowmobiles, snowplows, pickup spreaders
and loadersi3'l. Thus, the command center needs to control the
emergency resources using digital platforms. Moreover, the
scene rescue situation is monitored in real time through the
public security video monitoring platform and the vehicle
video monitoring system. In this way, the command center can
quickly adjust the emergency rescue tactics according to the
actual situation. Due to the complexity of snowstorms, the
meteorological department needs to track and report the
change of weather in real time during the emergency rescue
process, so that the emergency rescue department can adjust
the rescue plan in time. Once the communication is lost, it is
necessary to immediately dispatch personnel to view the situa-
tion and urgently establish a communication base station.

Construction of urban safety emergency rescue
guarantee mechanisms

The harm caused by snowstorm disasters puts forward
higher requirements for the urban safety emergency rescue
systemB2. The construction of good emergency rescue mecha-
nisms can improve the city emergency rescue guarantee ability
for safety accidents in snowstorms. The emergency rescue
guarantee mechanism not only provides basic living materials
to ensure the basic life of people in the accident area, but also
avoids social riots caused by urban safety accidents!33l. With
this mechanism, the reconstruction and recovery of the city can
be successfully carried out after snowstorms.

Strengthening the construction of urban security
logistic mechanisms

Logistic support work is complicated and requires a certain
timelinessB4., Carelessness will affect the development of the
entire emergency responsel3sl, Therefore, a good logistic
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support mechanism can ensure that the city can deal with
disasters effectively. Thus, strengthening the urban safety logis-
tic support mechanisms to improve the efficiency of urban
safety emergency response under snowstorms is necessary.
Firstly, the government must establish emergency logistics
support departmental organization. The organization has clear
division of responsibilities. In response to disasters, the general
command department should scientifically guide logistics
support department to carry out work and rationally allocate
the emergency materialsi36l. Moreover, the improvement of the
logistics support system is also important. The perfect system
can ensure the standardization of logistics support work.
However, the logistics support work requires professional and
technical personnel in transportation, medical and health care,
maintenance management and other aspects. Relying on an
adequate talent pool and regulations, a professional logistics
support organization can be established in a short time. Finally,
the formulation of logistics support plans should be strength-
ened according to different types of disasters and correspond-
ing risk levels.

Improving urban safety emergency laws and
regulations systems

The government should organize forces to summarize the
laws for emergency rescue home and abroad®7!. Combination
of the characteristics of the snowstorm, proposing the design
plan for the construction of emergency laws and regulations
system for snowstorm weather disasters is necessary. Accord-
ing to the relevant regulations, the emergency management of
urban safety under snowstorms can be subjected to legal
constraints and normsB8l, The safety emergency laws and regu-
lations should be linked up with national laws and with local
emergency management regulations. The content of emer-
gency management regulations need to clarify the objects,
principles, monitoring, early warning, countermeasures, depart-
ments, powers and responsibilities, so that the emergency
management work has a legal basis. Moreover, promoting the
development of supporting systems at relevant levels is neces-
sary. In this way, the enforcement and monitoring power of the
laws are improved and a more powerful legal framework for
emergency management can be provided. Especially, the irreg-
ular solicitation of national opinions or seminars can continu-
ously improve the law and supplement the technical standards.

Improving the early warning management and
supervision mechanism for urban safety

In order to improve the emergency response capacity of the
personnel and achieve efficient emergency rescue purposes,
establishing an efficient supervision mechanism of urban safety
early warning management is necessary. The supervision
mechanism can be divided into two aspects:

(1) Internal supervision of urban safety early warning
management;

(2) External supervision of urban safety early warning
management.

Internal supervision mainly relies on the establishment of
specialized department within the government39., The depart-
ment has the right to supervise the emergency response de-
partment, such as pursue administrative responsibility, rewards
and punishments® 0, Moreover, the department is directly res-
ponsible to the higher department. External supervision mainly
includes: social supervision and media supervision. Citizens are
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the main body to participate in social supervision and the main
channels are petition departments and government hotlines.
The Internet and media can break through various information
blockades to supervise the emergency rescue operations of the
government, and transmit the truth to the general public in a
timely manner, so as to make the emergency rescue trans-
parent and open.

Development of the emergency technology and
equipment

With the rapid development of technology, using scientific
and technological means can greatly improve the efficiency of
emergency managementt#42, Firstly, in view of the obvious
climatic, regional and complex mechanism characteristics of
snowstorm weather disasters, it is important to design intelli-
gent equipment optimization monitoring and early warning
systems!#3l, Scientists can use reasonable prediction models to
warn, detect and evaluate disasters that may be caused by
extreme weather®l, Then dynamic evolution law of urban
safety accidents under snowstorms can be mastered. These
provide a reliable scientific basis for emergency rescue.
Secondly, intelligent city safety monitoring and early warning
systems should be added to the smart city, and also a special
green channel should be established to publish relevant early
warning information#l. With this method, the problem of
information fragmentation and transmission lag will be solved.
Thus, high-speed integration and real-time sharing of informa-
tion can be realized and ensure scientific decisions!®. Finally,
the research and development of emergency rescue equip-
ment should be strengthened™’. In the process of emergency
rescue, the performance of rescue equipment affects the effi-
ciency of the rescuel*849, Data cloud computing, information
mobile transmission, infrared photosensitive and other new
technology should be comprehensively used to provides a
solid logistic support foundation for emergency rescue under
snowstorm weathert®%, The on-site command center can not
only communicate information through the Internet, but also
release information to the outside world to avoid panic. In addi-
tion, the research and development of personal protective
equipment also needs to be further strengthened, such as cold
weather clothing, emergency communication equipment and
medical ambulance equipment.

Conclusions

In view of the possible harm caused by the coupling of snow-
storm weather disasters and urban safety accidents, this paper
analyzed the current situation of urban safety emergency
rescue under snowstorm weather. Combined with the charac-
teristics of snowstorms, the urban safety early warning system
and emergency response system under snowstorms have been
established, and the emergency rescue and guarantee mecha-
nisms are discussed. This paper has important guiding signifi-
cance for improving the emergency response speed of urban
safety accidents under blizzard weather and improving the
safety of the city.

Author contributions

The authors confirm contribution to the paper as follows:
study conception and design: Zhan W, Du D, Zheng M; analysis
and interpretation of results: Zhan W, Ding J, Zhang W, Li L,
Kong Q, Chen M; draft manuscript preparation: Zhan W, Shi F,

Page 6 of 7

Urban safety emergency response

Xu Z. All authors reviewed the results and approved the final
version of the manuscript.

Data availability

Data sharing not applicable to this article as no datasets were
generated or analyzed during the current study.

Acknowledgments

The Education Reform Research and Talent Training Project
of College of Emergency Management of Jiangsu University
(JG-01-18).

Conflict of interest

The authors declare that they have no conflict of interest.

Dates

Received 5 June 2023; Accepted 14 September 2023;
Published online 27 September 2023

References

1. Wang D, Zhou T, Wang M. 2021. Information and communication
technology (ICT), digital divide and urbanization: Evidence from
Chinese cities. Technology in Society 64:101516

2. Arefi M, Nasser N. 2021. Urban design, safety, livability, & accessi-
bility. Urban Design International 26:1-2

3. Deng X, Li X, Chen Z, Zhu M, Xiong N, et al. 2022. Construction of
public security indicators based on characteristics of shared group
behavior patterns. Data Technologies and Applications Ahead-of-
Print

4. Zhao QQ, Wang W, Liu CF, Liu XR. 2012. Research on the space
layout of urban seismic disaster prevention. Applied Mechanics and
Materials 166—169:2037—41

5.  Zuo Q, Xin W, Luo Z, Han C. 2019. Integrated assessment of urban
safety of the cities in the mainland of China. Natural Hazards
96:1311-34

6. Kao LS, Chiu YH, Tsai CY. 2017. An evaluation study of urban devel-
opment strategy based on of extreme climate conditions. Sustain-
ability 9(2):284

7. Lawson BD. 2003. Trends in blizzards at selected locations on the
Canadian Prairies. Natural Hazards 29:123—-38

8. Martin JM. 2023. Facing into the blizzard: Resiliency and mortality
of native and domestic North American ungulates to extreme
weather events. Diversity 15(1):11

9. Schwartz RM, Schmidlin TW. 2002. Climatology of blizzards in the
conterminous United States, 1959-2000. Journal of Climate
15(13):1765-72

10. Sun J, Zhao S. 2010. The Impacts of Multiscale Weather Systems on
Freezing Rain and Snowstorms over Southern China. Weather and
Forecasting 25(2):388-407

11. Varazanashvili O, Tsereteli N, Amiranashvili A, Tsereteli E,
Elizbarashvili E, et al. 2012. Vulnerability, hazards and multiple risk
assessment for Georgia. Natural Hazards 64(3):2021-56

12. Du X, Lin X. 2012. Conceptual Model on Regional Natural Disaster
Risk Assessment. Procedia Engineering 45:96—100

13. Richard Eiser J, Bostrom A, Burton |, Johnston DM, McClure J, et al.
2012. Risk interpretation and action: A conceptual framework for
responses to natural hazards. International Journal of Disaster Risk
Reduction 1:5-16

14. Anenberg S C, Kalman C. 2019. Extreme weather, chemical facili-
ties, and vulnerable communities in the U. S. gulf coast: A disas-
trous combination. Geohealth 3(5):122—-26

Zhan et al. Emergency Management Science and Technology 2023, 3:10


https://doi.org/10.1016/j.techsoc.2020.101516
https://doi.org/10.1057/s41289-021-00155-9
https://doi.org/10.1108/dta-12-2021-0389
https://doi.org/10.4028/www.scientific.net/AMM.166-169.2037
https://doi.org/10.4028/www.scientific.net/AMM.166-169.2037
https://doi.org/10.1007/s11069-019-03616-1
https://doi.org/10.3390/su9020284
https://doi.org/10.3390/su9020284
https://doi.org/10.1023/A:1023678823191
https://doi.org/10.3390/d15010011
https://doi.org/10.1175/1520-0442(2002)015%3C1765:COBITC%3E2.0.CO;2
https://doi.org/10.1175/2009WAF2222253.1
https://doi.org/10.1175/2009WAF2222253.1
https://doi.org/10.1007/s11069-012-0374-3
https://doi.org/10.1016/j.proeng.2012.08.127
https://doi.org/10.1016/j.ijdrr.2012.05.002
https://doi.org/10.1016/j.ijdrr.2012.05.002
https://doi.org/10.1029/2019GH000197

Urban safety emergency response

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Wang J, Shi P, Yi X, Jia H, Zhu L. 2008. The regionalization of urban
natural disasters in China. Natural Hazards 44(2):169—-79

Liu Y, Yin K, Chen L, Wang W, Liu Y. 2016. A community-based
disaster risk reduction system in Wanzhou, China. International
Journal of Disaster Risk Reduction 19:379—-89

Zhao X, Wang N, Han R, Xie B, Yu Y, et al. 2018. Urban infrastruc-
ture safety system based on mobile crowdsensing. International
Journal of Disaster Risk Reduction 27:427-38

Li D, Qin B, Liu W, Deng L. 2021. A City Monitoring System Based
on Real-Time Communication Interaction Module and Intelligent
Visual Information Collection System. Neural Processing Letters
53(4):2501-17

Hissel F, Morel G, Pescaroli G, Graaff H, Felts D, et al. 2014. Early
warning and mass evacuation in coastal cities. Coastal Engineering
87:193-204

Riccardi MT. 2016. The power of crowdsourcing in disaster
response operations. International Journal of Disaster Risk Reduc-
tion 20:123-28

Zhan Z, Jin L, Cao Z, Jiao S, Bai N. 2012. Research on mine emer-
gency rescue command system based on chambers. Procedia Engi-
neering 45:710-15

Huang X, Huang J. 2023. The collaborative governance mecha-
nism of emergency information to coastal cities of China. Soft
Computing 27(11):7459-71

Nohrstedt D. 2013. Explaining mobilization and performance of
collaborations in routine emergency management. Administration
& Society 48(2):135-62

HoseinDoost S, Adamzadeh T, Zamani B, Fatemi A. 2019. A model-
driven framework for developing multi-agent systems in emer-
gency response environments. Software and Systems Modeling
18(3):1985-2012

Baezconde-Garbanati L, Unger J, Portugal C, Delgado J L, Falcon A,
et al. 2005. Maximizing participation of hispanic community-
based/non-governmental organizations (Ngos) in emergency
preparedness. International Quarterly of Community Health Educa-
tion 24(4):289-317

Lei Y, Zhang G, Lu S, Qian J. 2023. Revealing the generation mech-
anism of cross-regional emergency cooperation during accidents
and disasters rescue. Safety Science 163:106140

Clarke A, Crane A. 2018. Cross-sector partnerships for systemic
change: Systematized literature review and agenda for further
research. Journal of Business Ethics 150(2):303-13

Ding LY, Zhou C. 2013. Development of web-based system for
safety risk early warning in urban metro construction. Automation
in Construction 34:45-55

Yang L, Zou K, Gao K, Jiang Z. 2022. A fuzzy DRBFNN-based infor-
mation security risk assessment method in improving the effi-
ciency of urban development. Mathematical Biosciences and Engi-
neering 19(12):14232-50

Abdalzaher MS, Elsayed HA, Fouda MM, Salim MM. 2023. Employ-
ing Machine Learning and loT for Earthquake Early Warning
System in Smart Cities. Energies 16(1):495

Xu S, Kwon TJ. 2021. Optimizing snowplow routes using all-new
perspectives: road users and winter road maintenance operators.
Canadian Journal of Civil Engineering 48(8):959-68

Chen J, Sun C, Zhang R, Liu J. 2022. Government regulation of
emergency supplies under the epidemic crisis. Economic Research-
Ekonomska Istrazivanja 35(1):2809—-35

Zhang Y, Zheng J, Yi M, Ma H. 2017. Influencing factors and mech-
anisms of inter-organization collaboration obstacles in emergency
rescue for urban rail transit. Advances in Mechanical Engineering
9(4):1-12

Zhan et al. Emergency Management Science and Technology 2023, 3:10

34.

35.

36.

37.

38.

39.

40.

42.
43.
44,
45.

46.
47.

48.

49.

50.

Emergency Management
Science and Technology

Liu W, Xu X, Ren Z, Peng Y. 2011. An emergency order allocation
model based on multi-provider in two-echelon logistics service
supply chain. Supply Chain Management-an International Journal
16(6):391-400

Zhang Y, Chen L. 2016. Emergency materials reserve of govern-
ment for natural disasters. Natural Hazards 81(1):41-54

Liu J, Guo L, Jiang J, Jiang D, Liu R, et al. 2016. A two-stage opti-
mization model for emergency material reserve layout planning
under uncertainty in response to environmental accidents. Jour-
nal of Hazardous Materials 310:30—-39

McRae A, Weijer C. 2008. U. S. federal regulations for emergency
research: A practical guide and commentary. Academic Emergency
Medicine 15(1):88-97

Zhang JH, Sun XQ, Zhu R, Li M, Miao W. 2017. Solving an emer-
gency rescue materials problem under the joint reserves mode of
government and framework agreement suppliers. Plos One
12(10):e0186747

Liu D, Wang W, Li H. 2013. Evolutionary Mechanism and Informa-
tion Supervision of Public Opinions in Internet Emergency. Proce-
dia Computer Science 17:973-80

Jaye P, Beckett MW, Parfitt A. 2004. A regional approach to improv-
ing night time supervision of accident and emergency depart-
ments. Emergency Medicine Journal 21(1):65—66

. Yan B, Wang Y, Xia W, Hu X. 2023. Novel consensus-reaching

model in the social network environment for large-group emer-
gency decision-making: an approach to managing non-coopera-
tive behaviors. Artificial Intelligence Review 56:8609—45

Nesheim T, Gressgard LJ. 2014. Knowledge sharing in a complex
organization: Antecedents and safety effects. Safety Science
62:28-36

Zhao M, Liu X. 2016. Regional risk assessment for urban major
hazards based on GIS geoprocessing to improve public safety.
Safety Science 87:18—24

Plattner T. 2005. Modelling public risk evaluation of natural
hazards: a conceptual approach. Natural Hazards and Earth System
Sciences 5(3):357-66

Sha Y, Li M, Xu H, Zhang S, Feng T. 2022. Smart city public safety
intelligent early warning and detection. Scientific Programming
2022:7552601

Feng B, Zhou L, Zhang Z, Wang Y. 2022. Study on invulnerability of
material emergency transportation system based on three-layer
interdependent network. Mathematical Problems in Engineering
2022:3892842

Han R, Zhao X, Yu Y, Guan Q, Peng D, et al. 2016. Emergency
communication and quick seismic damage investigation based on
smartphone. Advances in Materials Science and Engineering
2016:7456182

Li A, Li Q Gao F, Zhou Y, Liu G, et al. 2019. The generalized modu-
lar design method of emergency rescue equipment vehicle. /OP
Conference Series: Materials Science and Engineering 565:12009
Dong S, Zhang Y. 2019. Research status and development sugges-
tions of high mobility multi-functional emergency rescue equip-
ment. lop Conference Series: Earth and Environmental Science
252:32153

Araghipour A, Mostafavi S. 2022. An Improved Emergency
Response Routing Protocol for Internet of Things. Wireless Personal
Communications 123(2):1443—66

Copyright: © 2023 by the author(s). Published by
Maximum Academic Press on behalf of Nanjing

Tech University. This article is an open access article distributed
under Creative Commons Attribution License (CC BY 4.0), visit
https://creativecommons.org/licenses/by/4.0/.

Page 7 of 7


https://doi.org/10.1007/s11069-006-9102-1
https://doi.org/10.1016/j.ijdrr.2016.09.009
https://doi.org/10.1016/j.ijdrr.2016.09.009
https://doi.org/10.1016/j.ijdrr.2017.11.004
https://doi.org/10.1016/j.ijdrr.2017.11.004
https://doi.org/10.1007/s11063-020-10325-5
https://doi.org/10.1016/j.coastaleng.2013.11.015
https://doi.org/10.1016/j.ijdrr.2016.11.001
https://doi.org/10.1016/j.ijdrr.2016.11.001
https://doi.org/10.1016/j.ijdrr.2016.11.001
https://doi.org/10.1016/j.proeng.2012.08.228
https://doi.org/10.1016/j.proeng.2012.08.228
https://doi.org/10.1016/j.proeng.2012.08.228
https://doi.org/10.1007/s00500-022-07686-5
https://doi.org/10.1007/s00500-022-07686-5
https://doi.org/10.1177/0095399712473983
https://doi.org/10.1177/0095399712473983
https://doi.org/10.1007/s10270-017-0627-4
https://doi.org/10.2190/9104-1052-8306-16T0
https://doi.org/10.2190/9104-1052-8306-16T0
https://doi.org/10.2190/9104-1052-8306-16T0
https://doi.org/10.1016/j.ssci.2023.106140
https://doi.org/10.1007/s10551-018-3922-2
https://doi.org/10.1016/j.autcon.2012.11.001
https://doi.org/10.1016/j.autcon.2012.11.001
https://doi.org/10.3934/mbe.2022662
https://doi.org/10.3934/mbe.2022662
https://doi.org/10.3934/mbe.2022662
https://doi.org/10.3390/en16010495
https://doi.org/10.1139/cjce-2019-0768
https://doi.org/10.1177/1687814017698640
https://doi.org/10.1108/13598541111171101
https://doi.org/10.1007/s11069-015-2065-3
https://doi.org/10.1016/j.jhazmat.2016.02.018
https://doi.org/10.1016/j.jhazmat.2016.02.018
https://doi.org/10.1111/j.1553-2712.2007.00001.x
https://doi.org/10.1111/j.1553-2712.2007.00001.x
https://doi.org/10.1371/journal.pone.0186747
https://doi.org/10.1016/j.procs.2013.05.124
https://doi.org/10.1016/j.procs.2013.05.124
https://doi.org/10.1136/emj.2003.007062
https://doi.org/10.1007/s10462-022-10384-1
https://doi.org/10.1016/j.ssci.2013.07.018
https://doi.org/10.1016/j.ssci.2016.03.016
https://doi.org/10.5194/nhess-5-357-2005
https://doi.org/10.5194/nhess-5-357-2005
https://doi.org/10.1155/2022/7552601
https://doi.org/10.1155/2022/3892842
https://doi.org/10.1155/2016/7456182
https://doi.org/10.1088/1757-899x/565/1/012009
https://doi.org/10.1088/1757-899x/565/1/012009
https://doi.org/10.1088/1755-1315/252/3/032153
https://doi.org/10.1007/s11277-021-09187-4
https://doi.org/10.1007/s11277-021-09187-4
https://creativecommons.org/licenses/by/4.0/.

	Introduction
	Current situation of urban safety emergency response mechanisms
	Urban safety emergency response procedures and mechanisms in snowstorms
	Urban security early warning systems in snowstorms
	Urban safety emergency response procedures in snowstorms
	Urban safety emergency response mechanisms in snowstorms
	Urban safety monitoring and early warning mechanism under snowstorms
	Urban security emergency command mechanism in snowstorms
	Collaborative emergency response mechanism in snowstorms
	Urban safety information management mechanism in snowstorms
	Urban safety technology service mechanism in snowstorms


	Construction of urban safety emergency rescue guarantee mechanisms
	Strengthening the construction of urban security logistic mechanisms
	Improving urban safety emergency laws and regulations systems
	Improving the early warning management and supervision mechanism for urban safety
	Development of the emergency technology and equipment

	Conclusions
	Author contributions
	Data availability
	References

