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This study seeks to mitigate the time constraints inherent in uncertain
scenarios by streamlining data management. Efficient information processing in
such situations is crucial for effective decision-making and response
coordination. To avoid wasting time in uncertain situations, we need fast and
easily manageable data. This study aims at developing an all-encompassing
disaster data management system. This article presents research on the role of
decision support systems (DSS) in emergency management, focusing on the
collected information’s optimal structure, benefits and processing. Based on the
research, it presents the optimal approach of managing data classification and
connection. The structure encompasses the creation of a relational database
which captures information on various natural and human generated calamities.
It further incorporates the use of data visualisation tools to offer insights for
analysis during disaster preparedness and response. In the final part, |
presented the derived version of the database of Decision Support System for
Emergency Situations in Uncertainty.

Keywords: database management, uncertainty, emergency situations, risk
assessment, disaster

Material and methods

Countries located in different geographical locations face an imminent danger
of numerous types of natural and man-made disasters. Among these are earthquakes,
floods, industrial accidents, wars, among others. These looming challenges highlight

the urgent need to build a robust database. Such should not only provide storage for
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disaster-related information but also entail elements that ensure efficient data handling
and visualisation. In this research, we shall examine the process known as Disaster
Data Visualization Database regarding its optimization, advantages and shortcomings
with a view to presenting readers with a holistic picture about its viability and
associated risks.

It is important to understand how disaster data is collected and managed. This
data originate from various sources, including government agencies, NGOs,
international organisations, and local communities.

Disaster databases have been developed for both natural and human-made
disasters, serving as repositories for this invaluable knowledge. They play a critical
role in consolidating, organising and securing such database information. However,
their true potential is realised when they combine technology together with data
visualisation so as to convert raw figures into insights that can be acted upon.

Data visualisation involves representing data graphically so as to discover
patterns, trends, relationships, etc. With regard to disaster databases, they assist
policymakers to

Identify trends: This enables authorities to understand long-term effects of
disasters and hence, make informed decisions on preparedness against different kinds
of hazards.

Assess impact: Stakeholders can quickly evaluate severity of damage by
carrying out intuitive mapping exercises using graphical representations.

Optimise resource allocation: Resources are allocated where they are needed
most by visualizing them through graphics during rescue missions and other
emergency response operations following a disaster. [1]

Research results
Here, we explore two key aspects within the context of Decision Support Systems
(DSS):

Data Visualization:

- Key Point Definition: In the realm of DSS, data visualisation identifies crucial data
values or observations that hold significance for decision-making processes.

- Key Point Focus: DSS visualisations emphasise these key points to direct decision-
makers' attention towards important insights and trends within the data.

- Key Point Examples: For instance, in earthquake analysis within a DSS, a key point

could be the maximum magnitude recorded in a specific region.
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- Key Point Value: |dentifying key points through data visualisation facilitates rapid
comprehension of essential information, aiding decision-makers in formulating
effective responses to seismic events.

Patterns:

- Patterns Definition: Within DSS, patterns refer to recurring relationships or trends

in data that offer valuable insights into seismic activity and its underlying dynamics.

- Patterns Focus: DSS focuses on discerning these patterns to understand the
broader context of earthquake occurrences and their implications for risk
assessment and disaster management.

- Pattern Examples: For instance, in earthquake prediction models within a DSS,
patterns might reveal recurring temporal or spatial trends in seismic activity.

- Pattern Purpose: Understanding patterns within seismic data is essential for DSS to
provide decision-makers with predictive capabilities and actionable insights, enabling
proactive measures to mitigate earthquake risks and enhance disaster preparedness.
2]

On one hand, there are key points which are specifically notable data values or
observations within a dataset, often highlighted for their significance. On the other
hand, patterns are recurring relationships or trends that take place when multiple
data points are analysed together. Key points draw attention to significant data values
while patterns reveal how data behave overall. Both are important aspects of
visualising data and they serve different roles in helping users understand and
interpret it. This corporation is important for creating a DSS Database.

Several technologies contribute to the effectiveness of disaster databases:

- Geographic Information Systems (GIS): GIS is able to combine information on

geographical space with disaster details helping come up with maps which indicate

how disasters affect different places; as a result, response strategies can be planned
more effectively.

- Big Data Analytics leverages advanced technologies to rapidly process large volumes

of disaster-generated datasets, enabling the extraction of meaningful insights.

- Machine Learning and Al: With these, disaster prediction is possible together with

assessing their impacts and suggesting response strategies based on historical data.

- Remote Sensing: Satellite and aerial imagery, as well as remote sensing technology,

provide real-time data for disaster monitoring and assessment

It is important to understand the pros and cons of comparison visualisations
since it directly affects the effectiveness of data communication and decision-making.

Comparison visualisations are often used to put several datasets, variables or scenarios
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side by side so that viewers can draw meaningful insights from them. This knowledge
empowers decision-makers to harness the full potential of comparison visualisations to
identify trends, make informed choices, and communicate complex information
clearly. Another significance of understanding these constraints is that it prevents
misinterpretation and ensures that comparisons are made accurately without any bias
thus leading to more reliable decision-making processes which rely on data. [5,6]

Advantages:

Informed Decision-Making — Data visualisation together with technology allows
authorities to make decisions based on facts, hence, improving preparedness for
disasters.

Efficiency - Visualization tools streamline data analysis making it faster and more
accurate.

Historical Analysis — Historical data visualisations offer insights into disaster
trends thereby enabling long-term disaster management planning.

Disadvantages:

Data Quality — The accuracy/reliability of data cannot be compromised at all.
Wrong/misleading results may arise from incomplete/false information.

Data Security - To ensure privacy as well as prevent any breaches in national
security, sensitive disaster related materials must be handled with care.

Infrastructure Challenges - Not all regions may have the necessary
infrastructure to support advanced technologies leading to difficulties in collecting
data in such areas.

This suggestion will introduce a relational database that will handle the
information related to disasters and other information associated with disasters. The
database has been well designed to capture, store, and manage the crucial data points
which will help the authorities and disaster response teams make informed decisions
concerning disaster response efforts, planning for long-term disaster management.
[3,4]

Let us establish connections between the entities (STATES, DISASTER CLASS,
DISASTER, DISASTER PARAMETERS) using appropriate one-to-one, one-to-many, and

many-to-many relationships. Here's how we can structure the database in Fig.1:
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STATES Table:

DISASTER PARAMETEIRS

paramater W

Fig.1: Designed relational database

This table stores information about different states.

state |D (PK) state hame
1 State A
2 State B

DISASTER CLASS Table:

This table categorises disasters based on severity, nature, and cause.

class 1D (PK) class name parent class id (FK)
1 Catastrophic NULL
2 Maijor NULL
3 Moderate NULL
4 Minor NULL
5 Geophysical NULL
6 Meteorological NULL
7 Biological NULL
8 Technological NULL
9 Environmental NULL
10 Natural NULL
11 Human-induced NULL

DISASTER Table:
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Table 3.

This table represents specific disasters and their classifications.

disaster_ ID (PK) disaster_name class_id (FK)
1 Earthquake 5
2 Hurricane 6
3 Flood 9

DISASTER PARAMETERS Table:

Table 4.
This table contains parameters associated with each type of disaster.
parameter D (PK) parameter name disaster id (FK)
1 Water level 3
2 Discharge 3
3 Duration 3
4 Rainfall intensity 3
5 River discharge rate 3
6 Floodplain analysis 3
7 Flood recurrence intervals |3
DISASTER_STATES Table (Many-to-Many Relationship):
Table 5.
This table connects disasters to the states affected by them.
disaster_ ID (FK) state_id (FK)
1 1
1 2
2 2
3 1
3 3

The use of appropriate relationships ensures data integrity and facilitates fast
processing of information.

Optimality of the Case:
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- Information on states, disaster classes, specific catastrophes, parameters and
affected states is well organised in this database structure to optimise data
storage and retrieval.

- One-to-one, one-to-many or many-to-many relationships maintain data
consistency and support easy querying as well as analyses.

- Categorization of disaster types can be easily done by using hierarchical
classification of disaster classes which also allows for the variations in grouping
that may help navigate through different disasters.

- A many-to-many relationship between the states and disasters is preferable
because some disasters may affect several states while others are caused by
more than one state.

- The design ensures representation of comprehensive information related to
disasters with minimum redundancy and scalability.

Comparison with Other Patterns:

It is better organised, scalable and has high data integrity than a flat structure
that involves all its information stored in one table.

On the other hand, unlike denormalized systems where duplicated data exist in
various tables, this normalised system has reduced duplicate data making it
both efficient in terms of structure as well as when retrieving.

When compared to a graph database model, which can be suitable for highly
interconnected data, this relational model provides a simpler and more
straightforward representation for disaster-related information that is easier to
handle and query.

Working Cycle Output on Flood Case

Data Collection and Monitoring:

Real-time water levels, rain intensities, river discharges et cetera should be

gathered from monitoring stations, satellite imageries and weather reports.

Parameter Analysis:

Collected data will be analysed to determine the current status of flood

parameters such as water level, discharge, duration, rainfall intensity and

floodplain analysis.

Risk Assessment:

Severity of the flood and potential impacts are assessed using the analysed

parameters along with historical data and recurrence intervals of floods. [7]
Decision Making:

Risk Assessment

&3



Based on these decisions

- Emergency response plans can be activated,

- Flood warnings and evacuation orders can be issued,

- Resources could also be allocated for responses,

-Independently deploy emergency personnel along with necessary equipment.

DSS Response Implementation:

- Implement planned response actions externally, including those involving
hardware components:

- Evacuation of at-risk populations, changing the place to safe locations,

- Reinforcement of flood defences and infrastructure,

- Provision of emergency services and assistance to affected communities,

- Coordination with local authorities and relief agencies.

Continuous Monitoring and Adaptation:

- Continuously monitor flood parameters and response activities to assess
effectiveness and adapt strategies as needed.

- Adjust evacuation routes and shelter locations based on changing flood
conditions.

- Coordinate with neighbouring jurisdictions and international organisations for
additional support and resources, if necessary.

Post-Disaster Evaluation:

- After the flood event subsides, conduct damage assessments and post-event
analysis to evaluate the effectiveness of response efforts.

- Identify lessons learned and areas for improvement in flood preparedness and
response.

- Update flood risk models and emergency plans based on evaluation findings to
enhance future response capabilities.

This working cycle outlines the iterative process of monitoring, analysing,
decision-making, and response implementation for managing floods effectively. By
following this cycle, emergency management agencies can mitigate the impact of
floods and protect lives and property in flood-prone areas.

Conclusion
1. In this article, | brought out the structured database design, which shows data

integrity and efficient information processing in the Decision Support System
(DSS) for disaster management.
2. Optimal organisation of information in the database resolves interconnections

between disasters, their classification, and related parameters. | have used one-to-
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one, one-to-many, or many-to-many relationships to ensure efficient data storage,
retrieval, and analysis within the Decision Support System (DSS) for disaster
management.

| proposed a hierarchical classification of disaster types that allows for easy
categorization and navigation, ensuring comprehensive representation of disaster-
related information.

The article provides a relational database model that outperforms flat structures
and denormalized systems, offering better organisation, scalability, and data

integrity.
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MOBbIWWEHNE TOTOBHOCTHU K BE,CTBUAM: POJIb BU3YAJIM3ALLUN OAHHBIX
U TEXHOJIOTUiA B BA3AX IAHHbIX O BEOCTBUAX

APYTHOHAH 3JIEOHOP

lpenodasamens Kaghedpbl UHGPOPMAYUOHHbIX

mexHonoeuli u npuknadHol mamemamuru EYA u kaghedpsi
2HOHOMUYECKOU UHGPOpMAMUKU U UHGhopMayUoHHbIX cucmem Al DY

aneKTpoHHaA nouta: eleonorharutyunyan@gmail.com

[laHHoe nccnepoBaHWe HanpaBaeHO Ha MpPeofoNeHNe BPEMEHHbIX OrpaHUyeHunii B
YCNOBUAX  HEOMpPefeNneHHOCTW  MyTeM  ONTUMM3aLWMKM  yrpaBieHUA  JaHHbIMU.
DdpperTuBHaA obpaboTka MHOPMALMM B TaKMX YCIOBUAX UMEET pelliatoLlee 3HaYeHUe
A7 CBOEBPEMEHHOTO  MPUHATUA PeLleHUid W KOOpAMHALMKU pearnposaHuA npu
ypesBblYalHbIX cuUTyauuax. YTobbl 06OWTU O3epo MOTepb BPEMEHW B CUTyaLMAX
HeomnpefeneHHOCTN, HaM Hy¥Hbl ObiCTpo ynpaBiAemble faHHble. Llenbto paHHoro
UccnefoBaHWA ABlAeTcA paspaboTka BceobbemntolLeil CUCTEMbI yNpaBieHnA JaHHbIMU
0 CTUXWIHbIX bepcTBuAx. B aToll cTaTbe npepcTaBieHbl UCCNEROBAHUA PO CUCTEM
nopaaepxkn npuHATuAa pettennii (CMNMNP) B ynpaBneHnn YpessblvaiiHbiMK CUTyaLUAMA C
YyropoM Ha OMNTUMaNbHYIO CTPYKTypy, MNpeumyllecTBa U 06paboTKy cobpaHHOI
uHpopmaumn. Ha ocHoBe uccnepoBaHuA TMpefcTaBieH ONTUMAIbHbIA MOAXOA K
yrnpaBfieHuto KnaccudprKalumeil U CBA3bIO [aHHbIX. 3Ta CTPyKTypa npeanonaraet
co3fiaHue penAuMOoHHOI 6asbl faHHbIX, KoTopaa cobupaeT MH(OPMaLMIO O pasanYHbIX
MPUPOAHBIX U TeXHOreHHbIX KatacTpodpax. Kpome Toro, oH BKtOYaeT UCMONAb3oOBaHUE
MHCTPYMEHTOB BW3yanuM3auuy [aHHbIX, MO3BOMAIOLLUX MONYYUTb MHOpMaLUo Ana
aHanu3a BO BpeMA MOATOTOBKU K CTUXMIHbIM OefCTBUAM U pearMpoBaHUA Ha HuX. B
paboTe Hamu MpepcTaBieHa NpousBofHaA Bepcua basbl faHHbIX CUCTeMbl MoAAepHKN

NPUHATUA peLIJeHVIVI Aana '-Ipe3BbI'-Iai/JIHbIX cmyau,wﬁ B yCNOBUAX HEONPEAENEHHOCTH.

Kmroyesbie cnosa: ynpasieHune 6asoit AaHHDbIX, HeonpeaeneHHoOCTb,

qpessblqaf/’lele CUTyallnn, oLeHKa pUCKa, KaTaCTpOCba.

<nnywidp ubipyuywgyb) E ludpwgpwywu funphnipn 29.11.2024p.:
<nnywdp gpwfunuybi £ 19.12.2024p.:
Cunniugby £ nmwwgpnipjwu 25.04.2025pk.:

87


mailto:eleonorharutyunyan@gmail.com



