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AHP Analysis Techniques for the Weighted Evaluation of
Cultural Heritage Disaster Safety Management Systems
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Cho, Hong Seok®, and Suh, Hyun Jung™

Abstract

With more government attempts being made to establish a safety management system that is both anticipatory and preventative,
the necessity is increasing for the establishment of a management system to manage and apply the information of damage and
safety management for cultural heritage. As the ultimate purpose of the present research is to establish an efficient and systematic
damage and safety management system for cultural heritage, we evaluated the weighted grades, adopting the AHP analysis tool
to develop a quantitative evaluation index, which will support rational decision-making. To take into account the comprehensive
management of damage and safety for cultural heritage, the evaluation index is divided into the risk (negative) and reduction (positive),
threatening (external factors) and vulnerability (internal factors), and the supplementation (external factors) and prevention of disaster
(internal factors). Furthermore, using a case study, 16 evaluation points have been developed as the preliminary points. This demonstrated
that human resources for prevention and preventive management were the two areas with the highest weighted grades.
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Development of Cultural Heritage
Disaster Safety Management System
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Fig. 1. Propulsive Phase of the Development for Disaster Safety
Management System of Cultural Heritage
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Fig. 2. Weighted Ratings and Management Grade Set Process
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Table 1. Comparative Analysis of Application Case of AHP Analysis Method for Effective Cultural Heritage Management

A Study on the Fire Fighting
General Index for Fire Fighting of
Crowded Wooden Building
Cultural Asset
(Kwon and Lee, 2012)

Division

Disaster Management of
Cultural Assets in Korea

Development of the Decision
Support Model for Prioritizing
the Cultural Properties Repair

(Han, 2009)
(Song et al., 2007)

Establishment of Fire Prevention
Criteria for Community Type
Wooden Building Cultural Assets

Purpose of Study

Applying Feed-forward Control |
Method as a Preventive
Measure of Cultural Property
Disaster

Evaluation of the Urgency of
Repairing to Determine the
Cultural Properties to Be
Repaired

Cluster Type Wooden Building |

Subject
ubiee Cultural Property

Wooden Building Cultural
Property

* Building Cultural Property

Disaster type * Fire * Fire

49 People(Academic Research
Group, Architectural Design

Sample target
P & Specialist, Administrative Expert,

* 12 People(Cultural Property
Conservation Management

* 18 People(Cultural Property
Repair Specialist)

Specialist
etc.) P )
o . * Consistency Ratio(C.R.)<0.1 * Consistency Ratio(C.R.)<0.2 * Consistency Ratio(C.R.)<0.1
Reliability Review e .. s
* No Similarity Index(S.I.) * No Similarity Index(S.I.) * No Similarity Index(S.I.)
Basic |+ Importance of Cultural * Management>Prevention> * Extent of Damage>Relative
Mai Items Properties>Fire Risk Prepare>Response Importance>Management Policy
ain
. * Historical Representation, * Tissue Reinforcement>Expansion |* Risk of
Content | Particular . . . . . .
It Symbolism, Fire Load of Budget>Improved Social Accident>History - Artistry * Sy
ems
Assessment Awareness mbolism
* Ambiguity of Criteria for * Ambiguity of Criteria for
Classitying Hierarchy Items Classifying Hierarchy Items * Inadequate Detail of Cultural
Implication * Reduced Effectiveness Due to * Reduced Effectiveness Due to Property Material Properties and

the Lack of Risk Index by
Cultural Property

the Lack of Risk Index by
Cultural Property

Disaster History
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Table 2. Classification of Standard Items

Division Contents
Risk
. * Degree of Internal and External Risk
(Negative . .
. Factors Affecting Cultural Heritage Damage
Indicator)

Reduction |* Degree of Internal and External Reduction
(Positive Factors to Preserve Cultural Heritage from

Indicator) Disaster
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Table 3. Classification of Basic Items

. Basic Items
Division
External Factor Internal Factor
Risk Threat Vulnerability
Reduction Supplementation Prevention of Disasters
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Table 4. Construction Concept of Cultural Heritage's Disaster Safety Management Assessment Items

Standard . .
Basic Items Particular Items Contents
Items
Degree of Exposure * Exposure to Disaster-related Cultural Heritage External Environment
Threat Calamity History * Degree of Disaster in the External Environment of Cultural Heritage
(External Causes| Disaster Damage History |+ Disaster-induced Damage and Hardship of Environment Outside Cultural Heritage
of Disaster) e * Installation of Hazardous Facility(Dangerous Facility, Environmental Pollution
Risk Hazardous Facilities . . . .
(Nega Facility, etc.) in the External Environment of Cultural Heritage
egative - X X N - “
. Physical Properties * Preservation of Cultural Heritage, Resilience, etc.
Indicator) Vulnerabili
121 cra lty Degree of Value e Traits of Cultural Heritage Itself(Symbolism, Scarcity, etc.)
nternal
Causes of Disaster History * Damage Caused by Disasters and Safety Management Neglect
H ¢ Installation and Management Status of Harmful Facilities(Gas, Electricity, Firearm
Disaster) Harmful Facilities & ( w
etc.)
Traffic Condition * Establishment of Traffic-related Facilities and Securement of Fire Prevention Road
| Suppl tary Faciliti * Installation of Supplementary Facilities(Public Institution, Monitoring Situation
i upplementa acilities . . .
Sup?Eementeitlon PP i Room, etc.) for the External Environment of Cultural Heritage
xternal
» Status of External Organization for Disaster Safety Management (Monitoring
Response to | Supplementary Manpower . P
Disaster) Full-time Worker, Emergency Communication System)
Reduction » Status of Insurance Subscription and Disaster Safety Management Plan for Disaster
(Positive Recovery Method
) Recovery
Indicator) — - - - —
Prevention of Management Facilities |* Degree of Installation and Management of Disaster Safety Management Facilities
Disaster Management Personnel |+ Securement of Disaster Safety Management Personnel for the Cultural Heritage
(Internal Corresponding Measures |* Preparation of Disaster Response Manual
Response to . * Regular Monitoring of Cultural Heritage, Maintenance and Management of Disaster
Disaster) Preventive Management e
Safety Management Facilities
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Weighted Evaluation
for Cultural Heritage Disaster Safety
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Fig. 4. Weighted Evaluation Model
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Table 5. Pairwise Comparison Matrix
Division Pair Comparison Matrix
Cultural Heritage Division Risk Reduction
First Class Disaster Safety Risk 1.101
Management Reduction 0.908 1
Division Threat Vulnerability
Risk Threat 1 0.424
Vulnerability 2.361 1
Second Class o . Prevention
Division Supplementation .
of Disasters
Reduction Supplementation 0.276
Prevention of Disasters 3.625 1
Disast
L Degree of Calamity 1saster Hazardous
Division . Damage s
Exposure History . Facilities
History
Degree of Exposure 1 1.898 1.683 1.944
Threat
Calamity History 0.527 1 1.198 1.535
Disaster Damage History 0.594 0.834 1.191
Hazardous Facilities 0.514 0.651 0.840
L Physical Degree of Disaster Harmful
Division . . —_
Properties Value History Facilities
Physical Properties 1 1.221 1.062 0.952
Vulnerability
Degree of Value 0.819 1 0.735 0.683
Disaster History 0.941 1.361 1.024
Harmful Facilities 1.050 1.464 0.976
Third Class Division Traffic Supplementary | Supplementary | Recovery
iv
Condition Facilities Manpower Method
Traffic Condition 1 0.396 0.369 1.361
Supplemen-
tation Supplementary Facilities 2.522 1 0.591 3.152
Supplementary Manpower 2.711 1.692 1 3.942
Recovery Method 0.735 0317 0.254 1
Division Management | Management |Corresponding| Preventive
Facilities Personnel Measures Management
Management Facilities 1 0.688 2.898 0.865
Prevention
of Disasters Management Personnel 1.454 1 2.777 1.102
Corresponding Measures 0.345 0.360 0.432
Preventive Management 1.155 0.908 2.316 1
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Table 6. Weights Analysis Result of First Class

Division

Standard Items

Intergrated Weight

Cultural Heritage Disaster Safety

Risk

0.524

Management

Reduction

0.476

Table 7. Weights Analysis Result of Second Class

Division Basic Items Intergrated Weight
. Threat 0.298
Risk -
Vulnerability 0.702
. Supplementation 0.216
Reduction X .
Prevention of Disasters 0.718

Table 8. Weights Analysis Result of Third Class

Division Particular Items Intergrated Weight
Degree of Exposure 0.059
Calamity History 0.037
Threat - .
Disaster Damage History 0.033
Hazardous Facilities 0.027
Physical Properties 0.096
. Degree of Value 0.073
Vulnerability - -
Disaster History 0.098
Harmful Facilities 0.101
Traffic Condition 0.015
. Supplementary Facilities 0.032
Supplementation
Supplementary Manpower 0.045
Recovery Method 0.011
Management Facilities 0.099
. . Management Personnel 0.125
Prevention of Disasters -
Corresponding Measures 0.042
Preventive Management 0.107

Cultural Heritage Disaster Safety Management Integrated

n
Weight = Z%ﬂﬂi
2

First Class 2
(Standardltems o

Cultural Heritage Dlsaster
Safety Management
Integrated Weight

a= First Class: Risk, Reduction

3= Second Class: Threat, Vulnerability, Supplementation,

Third Class
(Particular Items)

- Second Class |¢,
(Basic ltems) |

Prevention of Disasters

Y= Third Class: Degree of Exposure, Calamity History,
Disaster Damage History, Hazardous Facilities, Physical
Properties, Degree of Value, Disaster History, Harmful
Facilities, Traffic Condition, Supplementary Facilities,
Supplementary Manpower, Recovery Method,
Management Facilities, Management Personnel,

Corresponding Measures, Preventive Management
Weight, T = Variables for Each Layer

Fig. 5. Weighted Formula of Cultural Heritage Disaster Safety
Management
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Fig. 6. Weighted Analysis Graph of Integrated Model



Table 9. Weights Analysis Result of Integrated Model

First Class Second Class Third Class Intergrated Weight | Importance Rank
Sum of Weighted Score 1.000
Degree of Exposure 0.059 8
Threat Calamity History 0.037 11
(0.156) Disaster Damage History 0.033 12
Risk Hazardous Facilities 0.027 14
(0.524) Physical Properties 0.096 6
Vulnerability Degree of Value 0.073 7
(0.368) Disaster History 0.098 5
Harmful Facilities 0.101 3
Traffic Condition 0.015 15
Supplementation Supplementary Facilities 0.032 13
(0.103) Supplementary Manpower 0.045 9
Reduction Recovery Method 0.011 16
(0.476) Management Facilities 0.099 4
Prevention of Disasters Management Personnel 0.125 1
(0.373) Corresponding Measures 0.042 10
Preventive Management 0.107 2
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