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In this article, we will discuss what kind of structure should be given to
the decision-making automation system in real life emergency situations, the task
of which is to make the information flows manageable as a result of the
collected information, to optimize the flows, filters and for the purpose of
making decisions. The collected information usage in uncertainty situations
brings confusion because of a lot of information. For having optimised database,
it is needed to be classified, and separated by the meaning, dated, divided into
levels, separated depending from the physical location and so one. Information
structure decomposed by detail can bring clear image of the situation and
targeted decision. In scope of this article, we look at cases of the classification
model and make a choice. We will bring the systematic application of the
classifications in the situations of uncertainty of disasters and the circumstances
of arriving at decisions.
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Material and methods

Different forms of emergencies such as natural disasters, pandemics, and
conflicts bring about many challenges that are uncertain. Responding to this kind of
situation becomes an uphill battle if one cannot clearly understand what the situation is
like. This is where classification comes in handy. By classifying emergencies based on

factors such as severity, origin, and nature, responders can more effectively identify
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the unique challenges of each scenario and allocate resources efficiently for response

efforts. In a Decision Support System (DSS) context, it is the “Object” not the

“Subject”, which are disasters. This distinction is important because it makes clear

that decision-making and support revolve around disasters. The DSS serves as a tool

that enables first responders to analyze and interpret disaster information, allowing

them to make informed decisions (see Table 1).

Table 1.
Disasters List and Classification.
Technological Disasters | Environmental Natural Disasters | Biomedical
Disasters Disasters
Industrial accidents | Wildfires Earthquakes Viral outbreaks
(chemical spills, nuclear (e.g., COVID-
incidents) 19)
Cyberattacks Floods Hurricanes/Typhoo | Influenza
ns pandemics
Infrastructure failures Volcanic Tornadoes Ebola outbreaks
eruptions
Tsunamis

This classification highlights the diverse range of disasters, each with its unique

characteristics and response requirements.

Table 2.
Classification.
By Severity By Nature By Cause
Catastrophic Geophysical (earthquakes, [ Natural (earthquakes,

volcanic eruptions)

hurricanes)

accidents, cyberattacks)

Major Meteorological (hurricanes, [Human-induced (industrial
floods) accidents, terrorism)
Moderate Biological (pandemics,
epidemics)
Minor Technological (industrial

We need to classify. Classification serves several purposes within the context of a DSS:
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e Enhanced Understanding: Classification provides a structured framework for
understanding the diverse range of disasters that may occur.

e Tailored Response: Different types of disasters require distinct response
strategies. Classification enables responders to tailor their approach based on
the nature and severity of the disaster.

e Resource Allocation: By classifying disasters, responders can prioritize
resource allocation, ensuring that critical resources are directed to where they
are most needed.

e Risk Assessment: Classification facilitates risk assessment and mitigation by
identifying vulnerabilities and potential hazards associated with each type of
disaster. [1,3,4]

Research results

Furthermore, any sound disaster management strategy must have necessary
information gathering systems before during and after emergency situations.
Historical data alongside vulnerability assessments inform preparedness plans and
early warning systems before a catastrophe occurs. Real-time data, combined with
surveillance, supports immediate response efforts during a crisis. Consequently,
damage assessment, as well as recovery plans become vital for reconstruction
purposes, as well as drawing lessons from past occurrences. Figure 1-4 shows the

proposed classification model.

Disaster | [ parameters) |

Disaster class

Disaster | { parameters} |

Disaster | { parameters} |

Disaster | { parameters} |

Disaster | { parameters) |

Disaster state

Disaster | { parameiers} |

Disaster | { parameters} |

Disaster class Disaster | { parameters) |

Disaster | [ parameters) |

Fig. 1 Disaster classification model
This section emphasizes how information should be systematically collected

during different stages of emergency response.
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Let us classify this material based on disaster types and emergency stages,
focusing specifically on the 'before-disaster’ phase:

Below is an example of ‘Before Disaster’ case:

- Earthquakes: Past incidences; Hurricanes/Typhoons; Floods; Wildfires;
Tornadoes; Tsunamis; Volcanic eruptions,

- Infrastructure/community vulnerability studies: Earthquakes,
Hurricanes/Typhoons, Floods, Wildfires, Tornadoes, Tsunamis, Volcanic Eruptions,

- Earthquakes: Preparedness and mitigation plans; Hurricanes / Typhoons,
Floods, Wildfires, Tornadoes, Tsunamis, Volcanic Eruptions.

Pandemics:

Historical data on past occurrences of similar disasters include viral outbreaks
like COVID 19, influenza, pandemics and Ebola outbreaks. Another type of information
that can be gathered from the before disaster phase is infrastructural vulnerability
assessments with regard to virus outbreaks, such as COVID 19 flu pandemics and
Ebola outbreak. On the preparedness and mitigation front, another example of a
'before-disaster’ information source is data on viral outbreaks—such as the COVID-19
pandemic or influenza—that can be used to anticipate and manage potential health
crises. The second instance is early warning systems which includes viral outbreaks
such as Covid 19, influenza, pandemic, Ebola outbreak. [1,2]

Man-made Crises:

Industrial accidents (chemical spills, nuclear incidents), terrorist attacks, civil
unrest, and cyber-attacks are some historical data that could be used for reference
when it comes to manmade crises. Another type of information that can be obtained
from the before disaster phase is vulnerability assessments with regards to industrial
accidents like chemical spills, nuclear incidents, terrorist attacks and civil unrest.
Another example is in the area of preparedness and mitigation where information
about industrial accidents, for instance, chemical spills would be obtained. [6] An
example of this is an early warning system, which can be used to monitor industrial
accidents—such as chemical spills—and technological disasters like cyberattacks,

among others (see Fig. 2).
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fire | { intensity | spread rate | temperature} |

flood | { depth | velocity | affected area} |

Natural

[17]

arthquake | { magnitude | depth | epicenter}l

hurricane |{ category | wind speed| pressure}l

tornado | { scale | wind speed | path width} |

influenzal| { depth | velocity } |

Before disaster Ebola | { depth | velocity} |

Viral outbreaks]| { depth | velocity } |

Civil unrest | {Crowd behavior } |

Chemical spills |_{ magnitude | depth |
epicenter}

Industrial accidents | {hazardous materials
inventory}

Fig. 2. Classification model for before disaster’s case
Now let us consider the ‘During Disaster’ case:

All Kinds of Disasters:

- Real-time data on unfolding situations such as weather predictions and seismic

activities,
- Surveillance videos and satellite images,
- Reports from emergency responders and eyewitnesses,
- Monitoring of social media for situational awareness.
Now let us consider the ‘After Disaster’ case:
All Kinds of Disasters:
- Evaluations of damages and post-event analysis,
- Health surveillance data for monitoring the spread of diseases,
- Recovery plans and reconstruction strategies,
- Lessons learned and best practices for future disaster management.

This structured breakdown highlights information types, which can be
gathered before, during, and after different types of disasters. It further emphasizes
that comprehensive preparedness, timely response, and effective recovery efforts are
crucial in reducing impacts of emergencies.

In the context of decision theory applied to natural hazard management,
decisions are made based on the evaluation of expected consequences, trade-offs

between objectives, risk levels, and the expected utilities of various response strategies
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for different types of emergency events. Some examples illustrate the kind of decisions
that can be made within this framework:

1. Resource Allocation Decisions:

- Deciding how to distribute scarce resources such as staff, equipment, or
stock among different kinds of hazards based on their seriousness or likely
implications.

- Weighing up between allocating resources toward immediate response
versus longer-term recovery considerations.

2. Evacuation Planning:

- Assessing alternative evacuation options by type(s)of disasters in relation with
factors such as population density; number/condition/availability; etc..

- Determining the risk levels related to diverse evacuation plans, as well as
optimal resource allocation required for implementing them.

3. Risk Mitigation Strategies:

- ldentifying those measures that should be given priority in terms of their
anticipated efficiency towards reducing both likelihoods and effects arising from risks.

- Balancing between proactive approaches aimed at avoiding catastrophes and
reactive measures targeting the amelioration of the effects.

4. Emergency Response Coordination:

- Ensuring a unified disaster response through coordination among different
players such as government agencies, emergency responders, and local community
organizations.

- Evaluating the utility values of various coordination strategies and decision-
making processes in terms of their ability to manage disaster response.

5. Recovery and Reconstruction Planning:

- Plans for post-disaster recovery or reconstruction which are based on
expected impacts or possible trade-offs involved in several recovery alternatives

- Assessing the risk levels and expected utilities of different reconstruction
options with respect to restoring communities as well as infrastructure back to pre-
disaster states.

Through employing decision theory principles like expected value, utility theory,
and risk analysis, the policy makers can be able to make informed decisions to
effectively manage disasters. Such decisions aim at minimizing negative impacts of
disasters while maximizing benefits of response efforts so that they ultimately increase
society’s resilience against future hazards.

We can examine two distinctly different cases: one involving flooding and the

other an earthquake. In both cases, we will look at the parameters before a disaster
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has occurred and how abrupt changes in these parameters lead to immediate
response. Floods, which have this potential to destroy landscapes and societies are
characterized by constant monitoring of water levels, intensities of rainfall and so on.
Similarly, for earthquakes that come suddenly and without any prediction, magnitudes,
depths and seismic intensities are important factors to consider when assessing an
earthquake hazard. The examination of these situations emphasizes the importance of
early warning systems, as well as quick decision-making processes in dealing with
natural calamities.

A Real Case: Alteration in Parameters Relating to Flooding
The scenario example is
What Happened:
A severe weather system moved into the area, bringing torrential rainfall over a short
period. The intensity of the downpour exceeded typical levels, leading to rapid flash
flooding in local rivers and tributaries.The result was an abrupt rise in river levels and

subsequent floods.
Table 3.
Real case from Flood disaster

Flood disaster

Parameters Before Disaster Checked Parameters

Water level 2.5 meters Increased to 3.8 meters

Discharge 500 cumecs Rose to 800 cumecs

Duration 24 hours Ongoing with forecasts predicting
continued rainfall for the next 12
hours

Rainfall intensity 20 mm/hr Surpassed 50 mm/hr

River discharge rate

300 cumecs

Jumped to 600 cumecs

Floodplain analysis

No significant
flooding observed

Extensive flooding observed in
previously unaffected areas

Flood recurrence intervals

100-year flood

event

This event surpassed the 100-
year flood threshold.

Area Size Consideration:

- Affected area expanded rapidly due to increased water levels and discharge

rates. Further evacuation orders were issued for neighborhoods that faced risk of

being submerged.

94




Prospective Analysis:

- Water levels and discharge rates were expected to continue rising due to the

forecasted rainfall, combined with existing flood conditions that further worsened the

situation.

Historical Archive Review:

- Similar past flood events were reviewed to gain insights into effective

response strategies and to identify areas of vulnerability.

Decision-Making:

- Evacuation orders were extended to more areas at risk.

- Emergency shelters opened for those residents who had been displaced.

- Search and rescue teams dispatched for stranded individuals

- Road closures and traffic diversions implemented to ensure public safety.

- Relief supplies and resources got activated in order to support affected

communities.

- Continuous monitoring of flood parameters guided ongoing response efforts

based on weather forecasts.

In this scenario, changes in flood parameters triggered an emergency response

involving fast measures aimed at saving lives and properties from escalating flood

menace. The DSS played a vital role in monitoring the evolving situation, supporting

the decision-making process, and coordinating real-time responses. [5,6]

The next scenario example is real case from Earthquake disaster

Table 4

Earthquake disaster

Parameters Before Disaster Checked Parameters

Magnitude 6.0 Recorded at 7.5, indicating a major
earthquake event.

Depth 10 kilometers Shallow depth of 5 kilometers,
increasing the potential for surface
rupture and ground shaking.

Epicenter 50 kilometers away| Located 20 kilometers from densely

from populated | populated urban areas, increasing the
areas likelihood of severe damage

Seismic intensity Moderate  shaking| Violent shaking (MMI IX) experienced
(MMI' V) in affected areas.

Ground acceleration 02¢g Measured at 1.0 g, indicating strong

ground motion capable of causing
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structural failure.

Fault type Strike-slip fault Thrust faulting observed, contributing
to significant vertical displacement.
Historical seismic activity |Occasional = minor |Unprecedented seismic event
earthquakes compared to past earthquakes in the
region.

The area experienced a powerful earthquake, resulting in significant ground
shaking and damage to infrastructure. The size of the earthquake exceeded normal
limits so that it led to massive damages thereby posing immediate threats towards
public safety.

Response Process:

Acceptable Limit Consideration:

- Acceptable limits were exceeded by these parameters and codes based on
historical seismic data.

- Teams for rapid assessment were sent to evaluate damages and prioritize
response.

Prospective Analysis:

- Such hazards as aftershocks, landslides and tsunamis have been considered
in the ongoing response plan.

- For example, emergency response teams had prepared themselves for
continuous search-and-rescue operations and medical assistance to injured people.

Decision-Making:

- Emergency evacuation orders were issued for areas at risk of further
structural collapse or secondary hazards.

- Establish emergency shelters, triage centers for medical assistance to
displaced persons and injured individuals.

- Assessments by engineering experts were carried out to ascertain the safety
status of critical infrastructures such as bridges, dams and power plants.

- Local authorities together with international aid agencies facilitated resource
mobilization in support of responding institutions, as well as recovery campaigns.

Public awareness campaigns provided guidance on safety measures, as well as
available help to affected communities.

The earthquake’s parameters in this case surpassed allowable limits, thus
triggering a full-scale emergency response aimed at reducing the effects of the

disaster and providing help to affected populations. It played a vital role in analysing
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the seismic event, guiding decision-making processes and coordinating multi-agency
responses in real time.

Conclusion

1. | proposed an emergency separation and classification that are crucial for
effective disaster management, aiding in resource allocation, risk assessment, and
tailored response strategies.

2. The Decision Support System (DSS) serves as a vital tool for interpreting
disaster information and facilitating informed decision-making processes for first
responders.

3. The proposed classification of disasters based on severity, nature, and cause
enhances understanding, enables tailored response strategies, and facilitates resource
allocation and risk assessment.

4. The article introduces comprehensive disaster management strategies that
encompass information gathering systems, historical data analysis, real-time
monitoring, and post-event evaluation to enhance preparedness, response, and
recovery efforts.

5. This decision theory principles guide decision-making processes in managing
various types of emergencies, aiming to minimize negative impacts and maximize

benefits of response efforts to increase society's resilience against future hazards.
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ABAPUIHOE PA3ENIEHUE U KTIACCUDUKALMA B CUCTEMAX NOAJEPHKKM
NMPUHATUA PELLEHMUIA

APYTHOHAH 3JIEOHOP

lpenodasamens kKaghedpbl UHGPOPMAYUOHHBIX MexHOM0Ul U NPUKNAaOHOU
mamemamuru EYA u kagpedpsbi skoHomuveckol uHghopmamuku u
uHghopmayuoHHbix cucmem AF2Y

aneKTpoHHasA nouta: eleonorharutyunyan@gmail.com

B cratbe paccmatpuBaeTca onTuManbHaA CTPYKTypa CUCTEMbl  aBToMaTu3aLuu
MPUHATUA peLLIeHNI B YCIOBUAX pealibHbIX Ype3BblyaiHbIX CUTyaUuMid, 3afayva KOTopoit
- cpenatb WH(OPMaLMOHHblE MOTOKW YrpaBAAeMbIMU B pesyibTaTe CObpaHHON
MHpopMaLLMK, ONTUMU3NPYA NOTOKW, PUALTPLI LA Leneid NpuHATUA pelueHunit. Obunue
HECTpPYKTypupoBaHHOW WH(OpPMaLMU B YpesBblYalHbIX CUTyaLUMAX CO3[aeT XaoC W
3aTpyfHAET NPUHATAE pelleHnid. YTobbl UMeTb OMTUMU3MPOBaHHYLO 6asy [aHHbIX, ee
HEObXOAUMO KhaccupuuMpoBaTh, pasfeNuTb Mo CMbICly, AaTMpoBaTb, pasfeluTb Ha
YPOBHMW, HarHauMBaTb B 3aBMCMMOCTU OT (PU3MYECKOrO MECTOMONOMEHNA W Tak janee.
MHdpopmaumoHHaa CTpykTypa, pasfiomMeHHaa Mo [JeTalAM, MOMKeT [aTb 4eTKoe
npeAcTaBjieHMe O CUTyaLuW U LeNeHanpasfieHHoe pelueHue. B pamkax ctatbu mbl
paccMoTpUM  clyyau MOfJenu Knaccudpukaumm u  cpenaem  Bbibop. [lpuBepem
cUCTEMATMYECKOe MpUMeHeHWe KiaccudpuKaumii B CUTyaUMAX HeompeLeNeHHOCTH
KaTacTpod 1 0b6CTOATENbCTB MPUHATUA PELLEHUIA.

Knrouesbie crosa: 3aceKkpeydeHHblid WHGOPMALMOHHBIN MOTOK, OTAeENbHasA
KatacTpodpa, [AEKOMMO3UPOBaHHOE YrpaBfieHUe, HeOoNpefeneHHOCTb, YpesBblyaliHble
CWUTyauuu, YpesBblvaiiHoe pearpoBaHue.

<nnywidp ubipyuywgyb) k ludpwgpwywu funphnipn 26.11.2024p.:
<nnywdp gpwfunuyby | 13.12.2024p.:
Cunniugby £ nmwwgpnipjwu 25.04.2025pk.:
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