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Abstract: We constructed the regional flood risk and damage magnitude using hazard and vulnerabilities which are climatic, hydrological, socio-economic, countermeasure, disaster probability components for DB construction on the GIS system.  Also we developed the Excess Flood Vulnerability index estimation System(EFVS).  By the construction of the System, we can perform the scientific flood management for the flood prevention and optional extreme flood defenses according to regional characteristics.  In order to evaluate the performance of system, we applied EFVS to Anseong-cheon in Korea, and the system’s stabilization is appropriate to flood damage analysis.
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1. introduction
Since 21st century, the entire world is making diverse efforts to confront climate changes including Korea. Excess flood occurs from weather calamity and the trend is increasing frequency of weather calamity such as typhoon as the temperature is rising since late 1980s in Korea. The frequency of flood calamity in summer increased from 5.3 times per year(1940~1970) to 8.8(1980~1999). Especially 1998~1999 had continuous damages from flash flood. Ganghwa and Paju experienced damages such as submerged agricultural grounds and manufacturing facilities, and loss of infrastructure due to 70% of annual precipitation for 3~4 days. Economic damage from climate disaster such as typhoon increased rapidly since 2000, and damage from 2002 typhoon ‘Lusa’ and 2003 typhoon ‘Maemi’ were 5,469 million $(124 dead, 60 lost, 88,625 victims) and 7,781million$(117 dead, 13 lost, 10,975 victims) respectively. To confront to such flood due to climate calamity, the paradigm of flood management is changing from river-oriented flood management of linear concept to that of watershed management of surface concept. Generally structural and non-structural means must be executed to confront floods, but Korea focuses only on structural flood management until now. This shows that Korea is leaned towards structural countermeasure targeted to disaster. Countermeasures for flood due to calamity clearly have limits only with simple structural means. Structural countermeasures have cases difficult to execute following budget, human resources, and environment surrounding the established structure, and especially in case of extreme flood, it is hard to raise the designing criteria with infinite structural countermeasures to prepare for such situations. Therefore, mitigation, adaptation, and risk management strategies are needed to confront extreme flood. When countermeasures to prevent flooding are established in Korea, districts that are weakest to flood must be understood to be invested first of all and make countermeasures for them, but the reality is that researches to make subjective evaluation are not enough to provide evidence. This study first approached from a risk management perspective as a strategy to confront to extreme flood. As a quantitative technique to first evaluate extreme flood, flood vulnerability index must be developed for extreme flood in districts and then construct a GIS-based vulnerability estimation system using such index. To do so, a research to select a vulnerability index and estimate the index was executed to estimate vulnerability index, and geographic, humane social, economic data and data for facilities were made into a database to reflect local characteristics and methods to quantitatively evaluate the selected index. Also, the constructed data was built in the form to analyze space so it can be used as data of space and time which can be utilized to analyze current situation of local damages, form of damage, extreme phase of precipitation and weather, and level of potential local risk, and as basic information of establishing flood-preventing countermeasures and reinforcing facility designs to prepare for climate calamity by computerizing and systemizing the analysis technique. Anseong-cheon was chosen as the subject watershed to observe its application in comparison to the existing Potential Flood Damage(PFD).
2. Excess Flood Vulnerability Index Estimation System(EFVS)
2.1 Research background and purpose
Korea selects flood control safety level(frequency of facility designs) based on calculations for PFD by flood control district unit in general watershed flood control plan, and then ultimately analyzes and evaluates flood preventing  proposal. PFD is an index showing the level of vulnerability from potential flood damage from flood by specific flood control unit area made up of potential factors(population, asset, rate of urbanization, infrastructure) that shows the level of potential damage from flood and risk factor(amount of flood damage, ratio of probable precipitation, ratio of river conservancy, and flood control capacity) that shows the possibility of flood damage and level of preventing it. The direction of flood control is established by dividing into 4 groups of A, B, C, D through factor analysis. However, PFD only quantitatively indicates the potentiality and vulnerability of small-and mid-sized watersheds in terms of managing large-scale watershed, but the reality is that it fails to suggest an actual solution to cope with floods or any solutions and weak in theories to recognize the level of flood control safety. This study aims to develop an excess flood vulnerability estimation system including climate vulnerability to improve such limits to PFD and consider the influence of climate calamity. 
2.2 Research for vulnerability
Flood risk management can be thought as a solution management that makes a reverse use of safety and risk concepts that quantitatively shows local safety to flood. We are exposed to danger of diverse scales and forms. Such dangers are generally referred to the world risk in general, which can be indicated as below in terms of probability:
 [1] Risk = 1 - Safe

In other words, the safety of a certain district is decided upon its level of risk. Ansell and Wharton(1992) said that risk is ‘estimated by combination of loss derived from the results of hazard and probability of hazard(Risk = Likelihood X Consequence), and Kron(2002) multiplied 3 factors – risk showing the probability of flood phase related to flood of natural disaster and flood phase developing(hazard, P), exposure of human lives and economic asset in dangerous areas(exposure, E), and vulnerability meaning lack of ability to prevent floods(vulnerability, V) – to express the level of flood risk and  the formula is expressed as below. 
 [2] Risk = P x C,  (P : Hazard, C : Exposure  x  Vulnerability)
Benouar & Mimi(2001) defined “Risk = Hazard x vulnerability divided by disaster management’ and explained that vulnerability can be defined as the weakness/strength of the element at risk. They made diverse definitions other than the one mentioned above, but this study aims on making a system that includes all of hazard and vulnerability from risk management aspect. Hazard is considered an index for floods of the past and present while vulnerability is an index for the present and future, and made research emphasizing on vulnerability to consider flood confrontation in direct watersheds along with the strengths of PFD by putting distinction with the existing PFD. 

2.3 Development excess flood vulnerability index
First a vulnerability index was chosen to calculate vulnerability index. All indexes used in Korea in the past were put into consideration while choosing a vulnerability index. Also, foreign research cases of vulnerability such as RVAT(Risk Vulnerability Assessment Tool) conducted by NOAA(2004) and FVI(Flood Vulnerability Index) conducted by NILIM(National Institute for Land and Infrastructure Management) of Japan were observed and made reference of, and then selected an index by adding that can specifically used in Korea. Using the calculation and estimation method of GIS-based Excess Flood Vulnerability Index Estimation System to select an index, all vulnerability index were put into consideration as data that are to be constructed or must be constructed in the future, and data that currently be used. Vulnerability index selected according to such flow are as figure 1 and  table 1.
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Figure 1: Estimation subject of the EFVS
First calculate the value using database of the index used for calculation to calculate vulnerability. Then convert the calculated index value into a point between 0 to 1 using index value by small watershed to express it quantitatively. The converted point is calculated according to meteorological vulnerability, hydro-geographic vulnerability, socio-economic vulnerability, and flood-prevention vulnerability, and the calculated value computes the final vulnerability index using formula below. 

 [3] EFVI = C + G + S – P,

C: Climatic, S: Socio-Economic, G; Hydro-Geological, P: Flood Protection 

Weight of each index were decided by conducting a survey to the specialists in industrial, academic, and research fields and using distributed mode in AHP analysis(Thomas Saaty, 1980). Final weight value were given to the index value calculated to a point between 0 and 1, calculated and recalculated points were overlapped, and then they were expressed in grades between 1 and 10 with their total sums. The system was materialized to not have to calculate for index not built into the data unless chosen as an input value to calculate a vulnerability index. 
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Table 1: Excess Flood Vulnerability Index

2.4 R&D for GIS-based vulnerability estimation system
To research and develop a GIS-based vulnerability estimation system, a user demand analysis was conducted by observing foreign case analysis(HAZUS MH, Flood Alert System, etc), analysis function, and treatment procedure in the 1st stage. System standard was set, and system function and input/output were designed in the 2nd stage, while GIS database was designed in the 3rd stage. An analysis module by vulnerability index was developed at 4th stage, and in stage 5, a vulnerability estimation system was developed and then reflected onto the final results.  To estimate the frequency of extreme precipitation phase with emphasized consideration on vulnerability index and extreme flood in stage 4, STATE (STAtistical diagnostic Tool for Extreme) program that considers the tendency of climate calamity by each climate observation unit did so.
The system was made to change weight value of each index according to usage purpose by managers of local groups or political decision makers. They were reflected into the whole process due to the fact that their weight value of each index can differ according to environmental factors and purpose of running the system. Also, we established to suggest solutions to confront floods by grade other than showing the results of calculating extreme flood by small watershed in the system. Then a name was given to the 1st stage of vulnerability estimation. The result of Step 1 can be compared with the results of former PFD. Furthermore, I established Step 2, which is an era of supporting concrete decisions to flute details that utilizes weak facilities and forecast overflow after utilizing zoomed-in data of vulnerable facility and overflow. Currently, Step 2 is at its final point 
2.5 Applying EFVS
This study selected Ahnseong-cheon watershed as the subject. Ahnaseong-cheon is 1,655.73km2 big, and the watershed where PFD results were calculated as general watershed flood control plan is in process today. The watershed is made up of large-scale city, city, province, combination city, and agricultural cities, and area that recently developed flood damage due to collapsed banks. 

Figure 2 is the result of applying EFVS on Ahnseong-cheon. The red part revealed as the area with large vulnerability to extreme flood, and the input data can be seen in separation from the window in the system. Click on the input data and you can see the results of vulnerable index you chose by each watershed. In addition, window of weight input by vulnerable index, window of countermeasures to prevent flood as a result of selecting small watershed, and graph that shows local comparative vulnerability are shown. Current results are Step 1, and the figure comparing PFD, which is a vulnerability estimation system is in Figure 3. 
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Figure 2: Results of the EFVI Syste(Ahnseong-cheon)
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Figure 3: Results of the EFVI System(Ahnseong-cheon)

Step 2 of EFVS uses flood damage scale map, flood overflow forecast map, and important facility index used to analyze risk among index used to calculate EFVI. Click on the watershed analyzed to be vulnerable to see the river information, past traces of submersion, and flood overflow graph of the watershed just as figure 4, along with the information of rivers within the watershed(frequency of bank design, waterway expansion, river width). If information and location of important facilities are to be specified, they can be used to establish flood preventing strategies on the lower and upper streams of the river, or left or right banks of the river. Currently, researches for solutions coping to each watershed characteristics, flood overflow forecast, and scenario are in process in Step 2. 
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Figure 4: 2 Steps for the EFVI System

I believe that flood control management in Korea must be done by each unit of watershed, but actual budget and support structure is based on local governments. Watershed management is done by the Ministry of Land, Transport, and Maritime Affairs and administrative district management by the Ministry of Public Administration and Security, so the reality is that efficient establishment of flood preventing plans is extremely difficult. However, EFVS can integrate data by administrative district and watershed developed as a result of such problems, and can be most efficiently utilized as basic data of decision-making for efficient investment of flood preventing budget. 
Acknowledgements
This study was supported by the 2005 SOC Project(05-GIBANGUCHUK-D03-01) through the Design Criteria Research Center of Abnormal Weather-Disaster Prevention in KICTTEP of MOCT.
3. References
Ansell. J., Wharton. F., Risk: Analysis, Assessment and Management. John Wiley&Sons, pp. 203-211. 1992.
Benouar, Djillali, and Ahcene Mimi. Improving Emergency Management in Algeria. Global Alliance International Workshop on Disaster Reduction, August 18-22, 2001, Reston, VA.
Federal Emergency Management Agency. HAZUS®MH MR3 Flood Model Technical Manual 
Kron, W. 2002. Keynote lecture: flood risk = flood risk  × exposure  × vulnerability. proceedings of the second international conference on flood defence.

National Oceanic and Atmospheric Administration Coastal Services Center. 2004. Coastal Storms Initiative—Florida Pilot Risk and Vulnerability Assessment Tool

























































1
PAGE  
2

[image: image7.png]