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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[1].  Urban
safety is  a  key factor  affecting the sustainable development of
modern  cities[2].  However,  urban  security  risks  are  constantly
increasing  in  the  process  of  high-speed  urbanization[3].
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 on[4]. 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[5].  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[6,7].  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[8,9].  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[10,11].  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

snowstorm conditions are relatively simple and general[12]. 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[13].
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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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 I), significant (grade II), larger (grade III)
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.

 Urban safety emergency response procedures
and mechanisms in snowstorms

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  snowstorms[14].  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. 1    Emergency management workflow.
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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  I  warning (red)
indicates  that  snowstorm  disaster  accidents  are  particularly
serious; Level II warning (orange) indicates that the snowstorm
disaster  accident  is  very  serious;  Grade  III  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
snowstorms[15].  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

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
plan[16]. 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 system[17,18]. In addition, the safety early warning anal-
ysis  and  pre-control  disposal  of  the  monitoring  results  should
be  implemented[19].  Scientific  technology  such  as  cloud
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Fig. 3    The composition of safety early warning research.

Table 1.    Snowstorm weather warning signal and grade.

No. Level Color Status

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

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

3 III warning The snowfall reached more than 6 mm
in 12 h or reached more than 6 mm and
the snowfall continues.

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

computer technology to assist in emergency command, thus to
make  scientific  analysis,  and  quickly  formulate  countermea-
sures  for  effective  emergency  response[21].  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
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Fig. 5    Emergency disposal procedures of urban safety accidents in snowstorms.
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safety  accidents  in  harsh environments[22,23].  Thus,  the ranking
of  the  conduct  the  collaborative  emergency  response  mecha-
nism  is  important[24,25].  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  collected[28].
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  necessary[29,30].  In  the  process  of  emer-
gency  rescue,  advanced  emergency  rescue  equipment  is  also
needed,  such  as  snowmobiles,  snowplows,  pickup  spreaders
and loaders[31]. 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
system[32]. 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[33].  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
timeliness[34].  Carelessness  will  affect  the  development  of  the
entire  emergency  response[35].  Therefore,  a  good  logistic

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 materials[36]. 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[37].  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 norms[38]. 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 government[39].  The depart-
ment  has  the  right  to  supervise  the  emergency  response  de-
partment, such as pursue administrative responsibility, rewards
and punishments[40].  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  management[41,42].  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[43].  Scientists  can use reasonable prediction models to
warn,  detect  and  evaluate  disasters  that  may  be  caused  by
extreme  weather[44].  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[45].  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[46].  Finally,
the  research  and  development  of  emergency  rescue  equip-
ment should be strengthened[47].  In  the process of  emergency
rescue,  the  performance  of  rescue  equipment  affects  the  effi-
ciency  of  the  rescue[48,49].  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  weather[50].  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.
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