	4th International Symposium on Flood Defence:         Managing Flood Risk, Reliability and Vulnerability                      Toronto, Ontario, Canada, May 6-8, 2008


	[image: image12.png]Institute for
Catastrophic Loss

Reduction —







Development of the safety index for regional natural disaster 
D.W, Jang1., D.M, Yang2., S.M, Jeong3., M.J, Park4., H.S, Kim1., 
1. Department of Civil and Environmental Engineering, INHA University, Incheon, South of Korea
2. Technical Institute, Surotech co.,ltd, Anyangsi, South of Korea

3. Department of Civil Engineering, Kongju University, South of Korea

4. Department of Civil Engineering, Hanseo University

Abstract: We constructed the community disaster risk and damage magnitude using 'Annual Report of National Disaster Data'. And we developed the inspection index by using damage reduction capacity of each facility or each damage prevention measure. The inspection indices include vulnerabilities based on climatic, hydrological, and disaster probability components. Also we considered all indices and components for DB construction on the GIS system. And then we constructed ‘Inspecting Safety Degree of Community System(ISDCS)’ according to the facility's criteria from the combination of damage reduction capacity of facility and damage magnitude. There is the detail target in the ISDCS for the research work; Inspection system of community safety, Criteria of hazard element, Development of analysis technique of damaged facility, Extended application of damage element, Examination for indirect damage consideration, Damage contents and practical use of NDMS(National Disaster Management System) . The safety index has designed a system that encourages communities to carry out a list of activities in the raw from natural disaster. The activities ultimately saves lives, reduces property damage and protect disaster facilities. In order to evaluate the performance of system, we can perform the scientific disaster management for the disaster prevention and obtain a detailed methodology for the inspection of safety of community through the case inspection. Also we considered pattern analysis according to damage type and suggest of pattern analysis technique according to damage type using GIS. Finally, we suggested a technique of decision support system according to the system’s result,
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1. Introduction

It is very difficult to make a close inquiry into natural phenomena generally. Specially, disaster itself has a lot of bad effects on our life though it has low frequency. To manage such natural disaster, we should have a thorough preparation with the past situation of disaster and should establish disaster prevention measures for predictable damage elements. To achieve the purpose, we should construct and manage each kind of disaster data to make a close inquiry into local security. For, security needs very complicated decision-making process including various value judgment in the viewpoint of economy, lawful system and technology to reduce disaster damage on the basis of the above data, namely to secure the optimum safety from disaster, not created from nonexistence. 
Korea doesn't have the integrated development evaluation system for safety management connecting local government's disaster risk with the happened damage scale and ability to reduce disaster damage. Thus, Korea has difficulties in promoting disaster prevention business and establishing plans to cope with disaster, considering local characteristics. Also, Korea has not enough policy assist reflux system inducing improvement of disaster prevention ability as local government heads' disaster interest, disaster budget security, investment in facilities and manpower allotment. Therefore, Korea has the necessity to construct the advanced disaster management system by diagnosing disaster security by each region as risk of disaster, damage scale and damage reduction ability followed by natural conditions objectively after grasping local disaster risk factors in advance and to reduce each local damage by natural disaster fundamentally by establishing disaster plans in which local characteristics are reflected. 
Local security diagnosis will contribute to the establishment of disaster plans in which local governments' characteristics are reflected since it is possible to grasp disaster risk, damage scale and damage reduction ability by each local government through local security diagnosis. Therefore, the purpose of the local security diagnosis is to construct a core base system to have a continuous and systematic promotion of each kind of middle and long-term disaster reduction measures as disaster prevention's systematization, embodiment of responsibility administration, establishment of integrated measures against damage from storm and flood and introduction of disaster insurance since it is possible to induce competition in good faith by each region through efficiency of administrative and financial support for disaster prevention policy. 
2. Local Security Diagnosis Technique
2.1 Definition of security
It is very difficult to evaluate safety quantitatively since its meaning is various according to conditions generally. The local security diagnosis defined that safety was to improve and manage risk to the allowable size if risk was high as much as not allowable in a peculiar disaster. Namely, risk is low when security is high and, on the contrary, security is low when risk is high. Though risk has various points of view, Kron (2002) asserted that flood risk could be expressed by multiplying three elements- Hazard showing flood damage or its frequency related to a flood out of natural disaster, exposure of economic assets or human life in a flood risk region and vulnerability meaning a lack of flood defense ability
 [1] R=CxP

Also, a'Albe (1979) explained that disaster risk is probability which disaster will be happened in a region and is calculated through a statistical model reflecting characteristics by each factor causing disaster (Typhoon, earthquake, winter storm, nuclear power plant and more) and disaster region's characteristics (Topography, rain, river form, climate and more). Also, he explained that disaster damage scale was expressed to be 'local disaster exposure', which meant 'Damage scale when disaster broke out in the past or damage scale of the expected region in which disaster will break out'. On the basis of such concept, the study constructed 'Local Security Diagnosis System' and used the following algebraic expression equation 2 as a basic algebraic expression to calculate local security diagnosis grades with hazard, vulnerability and defense ability. 
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2.2 Hazard
Hazard analysis means how frequently damage broke out in the past. Disaster probability and damage type appear how much and how variously a region was exposed in natural disaster in the past. Disaster and Emergency Reference Center (1998) explained that local security evaluation was to 'Decide hazards and vulnerability in a region to calculate disaster hazard and hazard probability in the region. The study used damage type data and frequency probability out of the past damage data to select regions with high hazard through hazard analysis followed by various types of disaster. Hazard region contains that disaster damage was frequently happened in the region in the past. Thus, the study calculated hazard by each type of disaster damage in a region by selecting hazard zones by each type of damage and by classifying frequency probability by each type of damage according to each type grade. Therefore, to the local security analysis system, it is very important to apply data as frequency probability data by each type of disaster damage and damage pattern analysis data by each type of disaster damage accurately. The study acquired main data included in hazard analysis as above through annual disaster damage report in Korea. 

2.3 Vulnerability
As the second fact to be considered in the local security diagnosis, local vulnerability analysis is necessary. Benouar and Mimi (2001) defined vulnerability to be weak points and strong points of hazard by each factor. Namely, vulnerability analysis for local security analysis is to analyze the possibility of potential disaster damage. In the analysis of local security, it is possible to presume hazard inherent in a region by considering each characteristic of society, economy, environment and facilities and to analyze the local security considering local characteristics by applying the possibility of potential damage to the numerator part of local security formula (2). Critical Facilities Analysis, Economic analysis, Environmental Analysis and Societal Analysis are facts to be considered to analyze local vulnerability. 
Critical Facilities Analysis is to examine facilities' vulnerability which is basically considered in disaster prevention plan and local security diagnosis. Economic Analysis has a lot of relations with local economic infrastructure and local industrial form. Local vulnerability is examined through local economic analysis as damage of a region producing high value added products in quantity has more damage amount than general farming land's damage. Environmental Analysis is to analyze damage by toxicity and pollutants which may be flown  out of the pertinent facilities when disaster is happened and expenses to restore the damage to the original state and to analyze objects getting environmental damage and objects to be protected when disaster is happened. Societal Analysis is to analyze on parts with more added damage and sensitive social and structural parts. At this time, vulnerable index followed by social diversity should be considered by analyzing poor families' habitation and high income families' habitation and vulnerability followed by each living region of rich and poor should be separated. 
2.4 Defense Ability
At the time of constructing local security analysis system, local hazard parts should be proposed quantitatively as first. After that, local security is diagnosed by evaluating endeavors to reduce disaster damage. Local defense ability is measure ability of local government in hand to reduce disaster damage happened in a region and is largely appeared to be evaluation on local government's activities to cope with disaster. Clarke (1999) explained that hazard let us know about what result would be happened according to choice decided by us and uncertainty didn't know about the results. Also, he explained that hazard was to make it possible to presume the possibility that an accident would be happened and the possibility of damage by such an accident when the accident broke out in general meaning. Namely, the constructed data in the local security analysis system means the past damage with a region or the degree that the inherent local characteristics are reflected. Therefore, we can know that endeavors to reduce disaster damage have a lot of effects on the whole results in the local security diagnosis. Such defense endeavors have various kinds. Therefore, to reflect such various parts in the local security diagnosis, the study applied the diagnosis index to evaluate endeavors to reduce disaster. 

3. Local Security Diagnosis system
3.1 System composition
Local security diagnosis system is divided into a basic data stage to manage data required to analysis, a data analysis stage with matrix technique analyzing disaster frequency probability and damage scale with the past disaster damage data, GIS data and weather data out of basic data and analyzing local defense ability through a diagnosis index and a security diagnosis stage diagnosing local security with each analyzed data. Also, it is composed of a damaged region's analysis function by each cause of disaster damage reconstructing basic data and the analyzed results and a hazard analysis function by each type of disaster damage. 
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Figure 1: Composition of Local Security System

3.2 Analysis of disaster damage scale
Disaster damage scale analysis function is to analyze local economic loss by disaster damage and reconstructs the number of disaster damage cases and damage amount data by city/gun/gu, by each type of disaster and each standard of classification after changing each year's disaster damage amount by each disaster damage case into the unchanged value in the standard of the standard year's currency value. And it calculates the average damage scale by each type of disaster damage with frequency probability and damage scale and calculates the standard score and the changed index through the standard deviation from the calculated results. The study developed a system to confirm the above calculated results with tables, charts and GIS and Figure 2 is a screen of the calculated result. 
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Figure 2: Analyzed Result of Disaster Damage Scale
3.3 Analysis of Defense Ability
In the defense ability, the study referred to CRS (Community Rating System) index and disaster damage management ability evaluation index of local government with EMAP (Emergency Management Accredition Program) and utilized an index by each process of prevention, countermeasure and restoration as a common index on the basis of basic direction of European ESPON project. To apply damage scale by each facility and a defense diagnosis index by each facility, the study examined the upper ranking facilities of the damage amount by each facility (Table 1). On the basis of the examination, the study divided facilities into disaster damage induction facilities and resident convenient facilities. The study applied a diagnosis index by each facility by selecting a river, a small river, a water installation and an erosion protection facility (4 items) for the induction facilities and a road, a water supply and drainage, a port and a fishing port (5 items) for the convenient facilities. 

	Classification
	Total damage amount (KRW 100 million)
	Classification
	Total damage amount (KRW 100 million)

	Public facility (River)
	34,090
	Private facility (Vinyl house)
	13,486

	Public facility (Road)
	25,473
	Farmland
	11,623

	Public facility (Small river)
	20,810
	Public facility (Erosion protection)
	10,344

	Public facility (Small scale)
	19,989
	Public facility (Military facility)
	8,294

	Public facility (Water installations)
	16,914
	Private facility (Aquaculture)
	6,583


Table 1, Upper ranking facilities of the damage amount for 10 years (In the standard 2003)
The study diagnosed the local security by each facility in order of damage to correspond the damaged facilities with defense ability of the damaged facilities, which has the merit to reflect local characteristics of main damage facilities incidentally. A region without any river doesn't have the damage amount. Therefore, the parts belonged to a river of disaster damage defense index in facilities don't have an effect on the diagnosis result though they don't have the pertinent fact. 
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Table 2. Status of the allotted point by each facility in the field of diagnosis
The study made it possible to diagnose more accurate local security by keeping a diagnosis index by each process (Prevention, countermeasure and restoration) as a common index. In the 2007 index (Table 2), the study divided it into an index by each facility separating the induction facilities with the convenient facilities and a common index. The study applied 60% to the allotted point of the index by each facility and 40% to the common index. The study included an effect of human life, inundation and movable property damage in the annual report not considered at the time of diagnosing the present security in application of the common index, which is similar to the existing diagnosis by each disaster prevention process. Namely, the study reflected an effect on other damages besides facilities damage in the common index. Therefore, the study applied the common index to all of the local governments and the index by each facility selectively, considering the past damage situation of the pertinent local government (Figure 3). The study calculated the standard point and the changed index with the diagnosis result of defense ability by each city/gun/gu. The study developed a system to confirm the calculated results as above with tables, charts and GIS.  Figure 4 is a screen of the calculated result. 
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Figure 3.  Application method of index                      Fig 4. Analysis result of defense ability
3.4 Analysis of local security
In the local security grade, the study calculated local security on the basis of the results of disaster damage scale (Disaster frequency probability x Damaged amount) and defense ability. Therefore, the local security grade means the national security grade of the pertinent region. The standardized point of the disaster damage scale and the defense ability calculated by each region is a numerical value changing the average point and the standard deviation of each local government on the final point into the normal distribution. At the time of granting security grade, the local security grade should become the safest first grade at least in all the grades of disaster damage scale (1st~10th grade). Thus, the study developed an evaluation grade so that the local security grade may not be rapidly reduced even if the defense ability fell down to be the 9th or 8th grade. 

The results of security diagnosis by each city/gun/gu and by each facility can be confirmed with tables, charts and GIS. Also, they can be confirmed through the decision-making result system to improve the local security. Figure 5. is a screen of the calculated results. 
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Fig 5. Analysis result of local security
3.5 Analysis of the damaged region by each cause of disaster damage with GIS
Examining annual frequency and its total by each cause of disaster damage for 12 years, heavy rain had the most frequency of damage as 47 times. the number of damage cases followed by 11 disaster damage causes appeared to be the total 134 times.  Through figure 6, figure 7, the national status of damage by each cause of disaster damage can be confirmed and the frequency form of the damaged region by each cause can be compared and analyzed. In figure 6, we could confirm that damage by typhoons was intensively happened in the center of the coast in Gangwon-do, Gyeongsangnam-do and Gyeongsangbuk-do. In figure 7, we could confirm that damage by heavy rains was happened rather in the inland area than in the coast of Gyeonggi-do, Chungcheongnam-do, Chungcheongbuk-do, Jeollanam-do and Gangwon-do. 
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Figure 6. Damage status by typhoons             Figure 7. Damage status by heavy rains
3.6 Development of damage type’s analysis function with GIS
On the basis of the past damage data, the study developed a system to analyze facilities' damage type by each local government in 232 national areas and by each cause of disaster damage and made it possible to express the results through GIS. Figure 8 shows the damage type of facilities by typhoons. The damages of buildings, cattle shed/silk yarn, livestock and vinyl houses were nationally happened. Specially, in the event of Yeongdong area, we can see that the damage of roads and ships were happened. Figure 9 shows the damage type of facilities by heavy rains, which is similar to the case by typhoons. However, we can see that the damages of farmlands, vinyl houses and small rivers were happened more intensively in Gangwon-do. 
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Picture 8. Damage status by typhoons          Picture 9. Damage status by heavy rains
4. conclusion 
Currently technology evaluating the local security almost never be applied to Korea and the development of the system is the first attempt in Korea. The local security diagnosis by National Emergency Management Agency became the opportunity to develop security evaluation technology one step more. The local security diagnosis system improved problems as the establishment of disaster damage type when the complex disaster damage was happened and reflected topographical-environmental characteristics in real area by making it possible to diagnose defense ability, considering main damage facilities in regions. Also, the study made it possible to utilize domestic disaster damage data and weather data in quantity, GIS data and DB in various fields by standardizing and computerizing them. Through application of a common index belonged to non-structural defense ability, it was developed to make it possible to evaluate structural and non-structural disaster prevention reduction ability synthetically by including contents by each disaster prevention process (Prevention, preparation, countermeasure and restoration) besides facilities. 

The study developed a decision-making support function to make it possible to utilize comprehensive measures against damage from storm and flood which should be established by way of the local security diagnosis in each kind of disaster prevention policy. Also, the study made it possible to cope with disaster more scientifically by making it possible to utilize it with the disaster damage situation analysis system as data for comparison and analysis. The study made it possible to apply the diagnosed results to disaster prevention policy more easily by developing the local security diagnosis system. Therefore, it is anticipated that it will be possible to construct safer country by managing hazards of the analyzed regions more systematically. 
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