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Abstract 

 

Flood Impact Analysis using GIS: 

A Case study of Seoul, Korea: 

 

 

Junghyun Cho, M.S.C.R.P 

The University of Texas at Austin, 2012 

 

Supervisor:  Robert Paterson 

 

Flooding is an increasing problem in metropolitan Seoul and the management of 

floods and floodplains is a neglected priority for urban planning. The causes of flooding 

are triggered by heavy rain, or tropical storms, especially under conditions where soils 

are already saturated. Rivers overflow into surrounding built-up areas, bringing death and 

injury to people as well as considerable damage to buildings. Among the residents of 

Seoul, flooding is most often attributed to failure of the pumping system that is the city’s 

chief line of defense against inundation. However, other analysts believe that a major 

reduction in the amount of green open spaces is contributing to increased flood risks. The 

impacts of these events encompass tragic loss of life, damage to built and natural 

environments, and massive disruption to the lives of affected populations in the short 

term. In the longer term, the recovery and post-recovery phases can also cause distress, 

disruption, health problems, and financial hardship lasting many years. This professional 

report tries to focus the impact of flood on environment along Han River and Seoul, 
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Korea’s flood prone area. Furthermore, this report prepares maps and its output that can 

be used during flood emergency in inundated areas. Arc GIS 10 software is used to 

analyze impact of flood in Seoul, Korea.  
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Chapter 1: Introduction 

1.1 BACKGROUND 

 

A disaster is defined as an event (happening with or without warning) causing 

serious disruption to the functioning of a community or a society, means of causing or 

threatening death, injury or disease, damage to property, economic or environmental 

losses which exceed the ability of the affected community or society to cope using its 

own resources (DKKV, 2002).  

Natural disasters have become fast recurring phenomena all over the world 

causing huge loss of human lives. They are result of sudden change in state of natural 

elements due to natural forces. Most of the natural disasters are beyond control of human 

and cannot be predicted accurately before it occurs. When major natural disasters, such as 

floods, droughts, earthquakes and landslides, happen, they result in threat of human life, 

loss of property. 

Floods are the most common occurring natural disasters that affect human and 

their surrounding environment (Hewitt, 1997). According to the United Nations (2003), 

there are many occurrence of flood in China, the worst flood in China 1998 affected 223 

million people, 3004 people reported dead, 15 million were homeless and the economic 

loss was over US $ 23 billion for the year. Because of flood in Cambodia and Vietnam 

during year 2000, 428 people reported dead and estimated economic loss was over US 

$ 250 million. For last 10 years, thousands of people have been affected by flood in 

Korea, China, India and Bangladesh in residential areas and agricultural field. Notable 
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examples of recent floods include the 2004 Tsunami flooding in Asia, the 2005 flooding 

of New Orleans by Hurricane Katrina, and the 2010 Pakistan flood disaster affecting an 

estimated 20 million people (Lamond et al., 2011). Summaries of disaster statistics 

consistently note that floods are the most frequently occurring natural disaster and that 

they affect more people than any other single disaster type (Lamond et al., 2011; Vos et 

al., 2010; Scheuren at al., 2008). In 2009, 180 hydrological disasters affected 57.3 million 

victims worldwide; and despite humankind’s best efforts, 3,500 fatalities were attributed 

to flooding (Lamond et al., 2011; Vos et al., 2010).  

The impacts of these events encompass tragic loss of life, damage to built and 

natural environments, and massive disruption to the lives of affected populations in the 

short term. In the longer term, the recovery and post-recovery phases can also cause 

distress, disruption, health problems, and financial hardship lasting many years. This 

professional report tries to focus the impact of flood on environment along Han River and 

Seoul, Korea’s flood prone area. Furthermore, this report prepares maps and its output 

that can be used during flood emergency in inundated areas. 
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1.2 NATURAL DISASTERS AND FLOODS TRENDS 

1.2.1 Natural Disasters and Floods in Asia 

       

According to the United Nations (2004), more than 90% of all death from natural 

disasters are water related, and 99% of deaths from flood from 1975 to 2001 (i.e., over 

250,000 people) were from low-income groups. In richer countries, total disaster losses 

are generally less than 2% of the GDP (gross domestic product), while poorer countries 

the figure is nearly 14% (Crichton, 2011). 

Following Figure 1 and Table 1 cover the impacts of natural disasters occurrence, 

number of deaths, total number of affected people, and economic damage that took place 

in different regions across the world in 2009 (ADRC, 2011). As shown in Figure 1, Asia 

ranks first in all of the impact categories, most significantly in total number of affected 

people (close to 80%). In all indices except economic damage, the second most affected 

continent is Africa. The lack of recorded data of economic damage found in Emergency 

Events Database (EM-DAT) in Centre for Research on the Epidemiology of Disasters 

(CRED) is a possible reason for the tiny share of this category in Africa (ADRC, 2011). 

 



 4 

 

Figure 1: Impacts of Natural Disasters by the World, 2009 (ADRC, 2011) 

 

 

Table 1 : Impacts of Natural Disasters by Region, 2009 (ADRC, 2011) 

Source: EM-DAT : The CRED International Disaster Database www.emdat.be 

Universite Catholique de Louvain, Brussels (Belgium) 
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Figure 2 and Table 2 provide the breakdown of impacts of disasters sorted by 

disaster type. As Figure 2 shows, although the same dominant disaster type cannot be 

witnessed in all impact categories, flood and storm are generally prevalent by 

consistently being in the top three places. Flood (37.8%), epidemic (30.5%), drought 

(49.0%) and storm (53.0%) rank number one in impact categories of occurrence, killed, 

total affected and damage, respectively (ADRC, 2011). 

 

 

Figure 2 : Impacts of Natural Disasters by Disaster Type, 2009 (ADRC, 2011) 



 6 

 

Table 2 : Impacts of Natural Disasters by Disaster Type, 2009 (ADRC, 2011) 

Source: EM-DAT : The CRED International Disaster Database www.emdat.be 

Universite Catholique de Louvain, Brussels (Belgium) 

 

Following Figure 3 and Table 3 provide the overview of impacts of disasters 

sorted by disaster type in Asia. As depicted in Figure 3, the three most predominant 

disaster types in general are flood, storm and drought. Flood is the most frequent with a 

share of more than 35 percent compared to other disasters. Storm ranks first in the 

number of deaths and economic damage, while drought, with a share of close to 40 

percent, leads in total number of affected people. The share of deaths caused by 

earthquake in Asia (16.4%) is slightly high compared to that in the world (11.8%)  

(ADRC, 2011). 
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Figure 3 : Impacts of Natural Disasters by Disaster Type in Asia, 2009 (ADRC, 2011) 

 

 

Table 3 : Impacts of Natural Disasters by Disaster Type in Asia, 2009 (ADRC, 2011) 

Source : EM-DAT : The CRED International Disaster Database www.emdat.be 

Universite Catholique de Louvain, Brussels (Belgium) 
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1.2.2 Floods in Seoul, Korea 

 

Flooding is an increasing problem in metropolitan Seoul and the management of 

floods and floodplains is a neglected priority for urban planning. The causes of flooding 

are triggered by heavy rain, or tropical storms, especially under conditions where soils 

are already saturated (Kim, 1999). Rivers overflow into surrounding built-up areas, 

bringing death and injury to people as well as considerable damage to buildings. Among 

the residents of Seoul, flooding is most often attributed to failure of the pumping system 

that is the city’s chief line of defense against inundation (Kim, 1999). However, other 

analysts believe that a major reduction in the amount of green open spaces is contributing 

to increased flood risks (Kim, 1999).  

During the past 5 years, particularly serious floods occurred in 2010. In 2010, 

16,329 households were flooded during storm and flood have occurred (Figure 4), and 

property damage by storm and flood has been costing around US $45.57 million  

(Figure 5). 
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Figure 4 : Number of Flooded Households in Seoul 

      Source : Seoul Metropolitan Government http://english.seoul.go.kr/ 

 

 

Figure 5 : Natural Disasters (Storm and Flood) Property Damage in Seoul 

Source : Seoul Metropolitan Government http://english.seoul.go.kr/ 
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1.3 GEOGRAPHIC DESCRIPTION OF STUDY AREA 

 

The Republic of Korea is comprised of approximately 221,000 km
2 

of area on the 

Korean Peninsula (Cheong, 1994). Its geographical features are characterized by “east-

high-west-low”. The mountains near the east coast plunge steeply into the sea. On the 

contrary, the western and southern mountains descend gradually down to the coastal 

plains, which are often flooded. The thin brittle soil on the granite and gneiss dominant 

land is the main cause of landslides and collapse of slopes, and often makes debris flow 

(Cheong, 1994).  

City of Seoul occupies a location that commands major transportation routes 

through Korea. It is sited on the banks of the Han River in a mountain rimmed basin near 

the edge of the western coastal plain. The Han River drains much of central Korea into 

the Yellow Sea. Nearby mountain peaks of up to 836 m are linked together by scenic 

ridges and well vegetated smaller hills are scattered throughout the built-up areas  

(Kim, 1999).   

The Han River is located in the middle of the peninsula. Its drainage area of 

26,219 km
2 

flows from the Eastern Highlands through the Seoul metropolitan area to the 

Yellow Sea (Cheong, 1994). The total length of the Han River is approximately 514 Km. 

Within Seoul city limits, the river is more than 1 Km wide. Prior to the construction of a 

number of major dams, the river was known for its huge coefficient of river regime (ratio 

between the maximum and minimum amount of flow) of 1:3901. The river has played an 

                                                 
1 Korea Water Resources Association http://eng.kwra.or.kr/news/en_01.html 
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important role as a source of water and waterways since the dawn of Korean history. 

However, due to excessive rising of the waters, it has also been a threat throughout 

history. 

Climatically, Seoul is located in the temperate monsoon zone. About two thirds of 

the annual rainfall occurs during the rainy season from June to September. Also typhoons 

usually strike Seoul and Korean peninsula two to three times a year. 
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1.4 LOCATION MAP OF STUDY AREA 

 

Figure 6: Location map of Asia continent and Republic of Korea 

 

Figure 7: Study Area – City of Seoul 
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1.5 OBJECTIVES OF REPORT 

 

Floods and typhoon strikes are the most serious natural disasters in Seoul, Korea. 

This report tries to focus on use of GIS to assess flood impacts for emergency response 

along the Han River. Objectives of this report are: to calculate and map flood area 

surrounding the Han River; to analyze flood impact in flood prone areas on land use and 

population, especially socially vulnerable groups such as low income group and 

handicapped persons; to identify emergency response in flood inundated areas using GIS 

near the study area. 
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Chapter 2: Theory 

2.1 GEOGRAPHIC INFORMATION SYSTEM 

 

A Geographic Information System (GIS) is a system designed to capture, store, 

manipulate, analyze, manage, and present all types of geographic data. It uses several 

manual data elements like maps, aerial and ground photograph, statistical report etc. 

Nowadays the applicability of GIS can be found in every field of studies mainly the town 

planner, engineers, architects and scientist use GIS for measuring, mapping, monitoring 

and modeling environmental features and process such as studies on environment impact 

or protection, emergency management, transportation planning ,physical planning, land 

use planning or zoning, non-point source pollutants, monitoring hazardous waste sites 

etc. Thus, GIS is continuous process of data acquisition, pre-processing, data 

management, manipulation and analysis and product generation (Vaghani, 2005; 

Congalton and Green 1992; Sivertun 1993; Star and Estes 1990). 

A GIS consists of Digital Data (the geographical information that could view and 

analyze using computer hardware and software), Computer Hardware (computers used 

for storing data, displaying graphics and processing data), and Computer Software 

(computer programs that run on the computer hardware and allow users to work with 

digital data. A software program that forms part of the GIS is called a GIS Application). 

With a GIS application, users can open digital maps on their computers, create new 

spatial information to add to a map, create printed maps customized to their needs and 

perform spatial analysis (Sutton et al., 2009). 
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2.1.1 Data models in GIS 

 

There are two types of data models in GIS in general. A vector spatial data model 

uses two-dimensional Cartesian (x, y) co-ordinates to store the shape of a spatial entity. 

In the vector world, the point is the basic building block from which all spatial entities 

are constructed. The representation of real world phenomena in GIS is in two main types 

of spatial data representations in GIS - vector and raster (Vaghani, 2005; Heywood et.al., 

2002). Vector models are representation of real world objects like rivers, buildings etc. in 

line, polygon and point feature having X and Y coordinate with reference to real world. 

The point is defined by one single pair of coordinates, line are defined by two pairs of 

coordinates and polygon is represented by more than two pair of coordinates forming a 

closed object. The vector model is more suitable for mapping discrete geographic objects 

like river, road and others (Vaghani, 2005; Heywood et.al., 2002; Bernhardsen, 1999). 

A raster data model represents earth in forms of grid with equal size of cells in it. 

Here also like vector data model, features are represented by X and Y coordinates but 

with only one coordinates in a plane and the cells are defined with the reference to this 

one coordinates. Each cell contain a numeric value which represent any information of 

location like elevation, measurements etc The raster model is used more precisely when 

working with remotely sensed images an is most suitable choice for modelling 

continuous geographic phenomena (Vaghani, 2005; Heywood et.al. 2002, Bernhardsen 

1999). 

Map overlay is a process of integration of two different data source to produce on 

single map that provides different types of information with different scales. Therefore, 

producing of a new map through overlay process leads to creation of new vector data set. 
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The vector based overlay depends of geometry. By using geometry, intersection of lines 

and polygons of input layer were calculated to create new data layer.  

 

2.2 IMPACT ANALYSIS 

 

“Impact” means change –whether positive or negative, direct or indirect, short-

term or long term and intermittent or continuous from a reference standpoint (Vaghani, 

2005; Jain et.al, 1981). Therefore, flood impact analysis can be study as changes likely to 

be occurring in environment characteristics that may results due to flood (Vaghani, 

2005). 

The impact analysis deeply involves the process of identifying, predicting and 

evaluating the factors involved in it. Due to human involvement in the process of impact 

analysis, it has widened its study area. Earlier impact analyses studied only for 

environmental factors, but with the development of space and time, it further considered 

social, fiscal, health and economical factors. The various types of impact analysis process 

mainly refer to the effect of studies within the environment for living organisms, 

atmosphere and lithosphere (Vaghani, 2005; UNEP, 2002). 

An impact analysis according to Marsan and Jocobs (1974) defined as “the 

difference between the future environment as modified by the project and the future 

environment as it would have naturally evolved without the project” (Vaghani, 2005; 

Massam, 1980).  

The impact analysis is the measurement of parameter with and without the project 

at a given point in particular time. The impact parameter change over a time without a 

project so it is very much necessary to measure the impact change in the parameter at a 
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given point The concept of impact is to avoid the problems of that could arise if the 

activity is not measured. The problems that occur are to obtain data with and without 

project and the results are very difficult to examine (Vaghani, 2005; Jain et.al 1981). In 

the Figure 8 below the graph shows the impact of carrying out impact analysis when 

considering the effect on environment factors with respect to time and other 

environmental parameter. If the impact study made prior to the occurrence of event then 

it helps to understand and overcome the problem when the actual event occurs. 

 

 

Figure 8: Graphs showing Impact of Impact Analysis Studies 

      Source : Modified by Vaghani, 2005 (UNEP, 2002; Jain et.al 1981) 

 

 

There are different methods for impact identification like checklists, matrices, 

networks, expert systems, professional judgments, overlay and geographical information 

systems (GIS).The checklist provides different environmental factor to be investigate for 
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the possible impact analysis of impact area. It does not need to have direct link to cause 

effect project activities. The matrix is tabular format method showing the different 

relationship of two objects between environment and impact area at a single time. The 

matrix identifies the cause effect relationship between the impact and activities. A 

network method depicts the cause and effect relationship for environment and impact 

area characteristics. The expert method is more involved with skilled people to solve 

problem and for better decisions. Professional judgments method is based on an 

individual’s experience and gained knowledge. Finally, overlay techniques in geographic 

information systems can be use to compare data set map and display them pictorially 

(Vaghani, 2005; UNEP, 2002; Jain et.al 1981).  

McHarg (1969) popularize the overlay technique. It is useful for environmental 

suitability analysis by comparing site characteristics and planning alternatives. McHarg 

used overlaying techniques for Potomac River basin to understand the dominant, intrinsic 

regional resources within river basin and the process involved in it. For this, he 

considered many environmental factors influencing the use of overlays of spatially 

referenced data layer such as climate, topography, water regime, soil, flora and fauna of 

the river basin to reveal the most productive soil, presence of natural resources, water in 

river and aquifers, historic forts or natural beauty (Vaghani, 2005; McHarg, 1969). The 

advantage of this technique is that it provides easy visual representation of any 

geographical features for resource planning and management decision-making process. 

The disadvantage of this method was lack of accuracy due to overlaying of different data 

and the fact that overlay process can become complex in its original form (Vaghani, 
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2005; UNEP, 2002; McHarg, 1969). This report will use overlay analysis to demonstrate 

flood impact analysis. 

2.3 EMERGENCY MANAGEMENT 

 

Emergency management is mainly removal of people or property from the area 

subject to incident area (Vaghani, 2005; Chorley 1978). Emergency management is a 

continues process of different emergency operation activities required for avoiding major 

damages to human and environment during an occurrence of disaster Emergency 

management process is further characterize into six different phase: Assessment, 

Prevention, Mitigation, Preparedness, Response, and Recovery (Vaghani, 2005; Trnka, 

2002).  

1. Assessment: It involves identifying of all the major parameter involved in 

vulnerability of particular disaster that could be of risk to life, property and to 

environment. This can be done by hazards analysis, risk assessment, impact analysis, and 

hazards mapping (Vaghani, 2005; Trnka, 2002). 

2. Prevention: It involves actually taking some precaution before any major 

disaster strikes. It includes activities like construction of preventive tool or installation, 

means of production, and management of issuing certain guidelines (Vaghani, 2005; 

Trnka, 2002). 

3. Mitigation: It follows by prevention. It involves in reduction of fiscal, socio-

economic, environmental losses. This can be control by structural and non-structural 

measures to be undertaken. It includes activities like proper land use planning by 

unplanned urban development and so on (Vaghani, 2005; Trnka, 2002). 
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4. Preparedness: It involves community awareness for preparing each individual 

how to react against the occurrence of disaster. This can be done by training and 

educating emergency personnel and public, issuing early warning system, preparing 

emergency and evacuating plans (Vaghani, 2005; Trnka, 2002). 

5. Response: It is an immediate action soon after disaster has occurred or expected 

to occur. In response phase the administrative and rescue personnel plays an important 

role in enacting upon the emergency plan that have been prepared, coordination between 

resources centre, incident area in evacuation people and other possible things (Vaghani, 

2005; Trnka, 2002). 

6. Recovery: It is phase after the disaster has occurred in bringing back everything 

normal to life. It involves a joint activity by many different organization and people in 

providing affected people temporary shelter, food, clothes, livelihood and other financial 

and legal assistance (Vaghani, 2005; Trnka, 2002). 

The Emergency management involves many public and administrative people 

participation in overcoming the impact of disaster. It involves the fire and rescue 

services, police, medical services, health services, communication services providers, 

public works, military support, local and governmental authorities. The fire and rescue 

service department has the major responsibilities in overcoming any Emergency 

management (Vaghani, 2005; Trnka, 2002). 
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2.3.1 Disaster Management System in Korea2 

The Central Safety Management Committee, headed by the Prime Minister, 

supervises and coordinates overall policy related to disaster and safety, and promotes 

negotiations and coordination among the relevant departments. The Coordination 

Committee of the Central Safety Management Committee, under the Minister of Public 

Administration and Security, is in charge of the overall process of negotiations and 

coordination with regard to tasks delegated by the Central Committee.  

Eight subcommittees headed by the ministers of various government departments 

help ensure the seamless operation of the Central Committee, and the Safety 

Management Committee of each city, county, district, and province is headed by the 

chairmen of the autonomous bodies in the local areas.  

The Central Disaster Safety Measures Headquarters (CDSCH), headed by the 

Minister of Public Administration and security, is committed to ensuring a swift and 

efficient response to large-scale disasters, and supports incident response units at the 

relevant government departments and offices. The CDSCH operates joint investigation 

and central relief support teams and supervises overseas disaster relief teams in 

cooperation with the government when disasters occur abroad. The CDSCH also operates 

in local autonomous jurisdictions such as cities, provinces, counties, and districts. 

The Central Emergency Rescue Control Team, headed by the Administrator of the 

National Emergency Management Agency, operates the Central Emergency Rescue 

Control Team to supervise and control matters related to emergency rescue, command, 

and control at the disaster site. In cities, provinces, counties, and districts, the Emergency 

Rescue Control Team is operated and headed by the head and chief of the Firefighting 

Headquarters. 

                                                 
2 Source : The National Emergency Management Agency (NEMA) webpage http://eng.nema.go.kr/ 
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Figure 9 : National Disaster Management Support System in Korea 

     Source : The National Emergency Management Agency (NEMA) 

     webpage http://eng.nema.go.kr/ 

 

2.3.2 GIS and Emergency Management in Korea3 

 

The Government Disaster Management Network System consists of the Disaster 

Information Sharing Center, the Status Relay System, and an integrated GIS system. The 

Disaster Information Management Agencies, other relevant agencies, and the municipal 

governments of cities, counties, districts, towns, townships, and neighborhoods are able 

                                                 
3 Source : The National Emergency Management Agency (NEMA) webpage http://eng.nema.go.kr/ 
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to exchange and utilize specific disaster information. The general public is able to receive 

public disaster information from the National Disaster Management Information Center. 

The integrated GIS system uses an integrated GIS database with standardized GIS 

data provided by the agencies using the disaster information sharing system and GIS data 

from NEMA to represent data spatially on an electronic map. The collected GIS data can 

be delivered to all the concerned agencies using the disaster information sharing system. 

However, most of GIS data is not open to public. 

 

 

Figure 10 : Integrated GIS System in Korea4 

      Source : The National Emergency Management Agency (NEMA) 

      webpage http://eng.nema.go.kr/ 

                                                 
4 MOHAGA stands for "Ministry of Government Administration and Home Affairs". 
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Chapter 3: Methodology 

3.1 MATERIAL  

 

Various journals found on the Internet were used for this report. Many articles 

were found on Google, Google Scholar, and Naver (a Korean internet based search 

engine) search engines. Books for this report were available in the University of Texas at 

Austin libraries.  

The ESRI Arc GIS 10 software was used for overlay impact analysis. The Spatial 

Analytic tools such as geoprocessing tool box, dissolve, clip, merge, intersect, and union 

functions were used for the map output and data analysis. Arc Catolog was used to 

manage all data within the project. 

 

3.2 DATA COLLECTION 

 

The primary data used in this report was digital and tabular data. The GIS data 

was obtained from Department of Geography, Kyung Hee University, Seoul, Korea. All 

other information and data used were retrieved from Korea Bureau of Statistics. These 

spatial data, as an input data, and ESRI Arc GIS 10 software have been used for overlay 

analysis process to obtain output data in form of map products. In this report, GIS is used 

to show affected land use, population, low income group and handicapped persons. 

Flood impact analysis is done to identify impact in flood prone areas with help of 

GIS system. The impact area is calculated through overlay techniques based on land use, 

population, low income group and handicapped persons. Digital layers of each data set 

were overlayed and attribute tables were reset to obtain results. 
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Vector features are used for overlay analysis using different spatial data in GIS to 

identify inundated risk areas. The study was performed to find impact of land use, 

population, low income group and handicapped persons. Flood prone area maps of 1987, 

1990, 1998, 2001, 2010, and 2011 were obtained from various research articles 

performed by Seoul Development Institute and City of Seoul. Those maps are not open to 

public in general, because property owners within flood prone areas do not want to be 

disclosed. 

 

3.3 FLOOD IMPACT ANALYSIS USING GIS 

 

This report uses method of overlaying spatial data in GIS software Arc Map 10 

and Arc Catalog 10 for data preparation, integration and analyze impact of flood. The 

study contributes on data preparation, integration and analysis to calculate flood risk on 

flood prone areas. This information can be useful for flood management and planning 

purpose. It can be useful to estimate how much residential area, commercial area, 

industrial area, and vulnerable population will be affected when flood occurs. In this 

study, existing calculated flood hazard zones representing flood prone areas according to 

calculations based on 1987, 1990, 1998, 2001, 2010, and 2011 flooded areas combined. 

The report is based on non-structural measures with analyzing flooding situation by 

overlaying method in GIS. 

All shape files were projected in WGS 1984 geographic coordinate system. TIFF 

images for study area were added one by one in order to project.   
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3.3.1 Preparing Layers 

 

 

Figure 10 : A print screen showing geo referencing of existing flood inundated areas in 

1987, 1990, 1998, 2001, 2010, and 2011 combined 

 

A JPG image of Seoul flood inundated areas in 1987, 1990, 1998, 2001, 2010, 

and 2011 was geo referenced to study area by using Editor tool bar in Arc GIS 10. In 

Editor tool bar setting for task icon was made to create a new feature and target was made 

to Seoul flood inundated areas. Using sketch tool pencil, a digitized layer of flood 

inundated areas was created. 
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Figure 11 : Past Flood Inundated Areas of Seoul 

  

Since this process has been done by manual, accuracy can be different from actual 

flood inundated areas. 
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Figure 12 : Prepared Land Use map 

 

All land use was translated from Korean to English. In main data frame box, it 

was done by clicking the layer to be edited and selecting joins and relates and clicking 

joins to open join data dialogue box. An excel file for Korean to English translation for 

the attributes table was created in order to use joins tool. RGB color scheme was used for 

coding land use.  
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Figure 13 : Land Use Map of Study Area 

 

The land use consists of commercial, government, industrial, mixed use, open 

space, and residential area. It is likely to happen that urban area with clustered residential 

and commercial areas will bear more flood losses than agricultural or open space. 
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Figure 14 : A Layer Containing Demographic Features 

 

Demographic data was downloaded from Korea Statistics Bureau. Total 

population, number of handicapped persons, and number of low income persons in 2000 

were selected. After downloading data, they were joined to city limit shape file. 
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Figure 15 : Population Distribution of Seoul (Total population of Seoul is approximately 

10,520,000) 
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Figure 16: Total Numbers of Handicapped Persons by District  
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Figure 17 : Total Numbers of Low Income Persons by District 
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3.3.2 Calculating Flood Affected Land Use 

 

 

Figure 18 : Screen Shot of Calculating Flood Affected Land Use by Census Block 

 

In order to calculate flood affected land use, Arc Tool box Overlay Intersect was 

used. After the intersection, area and count of affected blocks were calculated in Field 

Calculator in Arc GIS 10. The same processes have done for flood affected population, 

handicapped and low income persons. 
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3.3.3 Calculating Flood Affected Population 

 

 

Figure 19 : Screen Shot of Calculating Flood Affected Population by Census Block 
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3.3.4 Calculating Flood Affected Handicapped Persons 

 

 

Figure 20 : Screen Shot of Calculating Flood Affected Handicapped Persons by Census 

Block 
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3.3.4 Calculating Flood Affected Low Income Persons 

 

 

Figure 21 : Screen Shot of Calculating Flood Affected Low Income Persons by Census 

Block 
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Chapter 4: Analysis and Results 

 

 

4.1 FLOOD IMPACT ANALYSIS AND RESULTS 

 

Followings are the descriptions of which type of analysis has performed and 

which types of maps can be derived through GIS for flood hazard management. 

 

4.2 FLOOD IMPACT ANALYSIS FOR AFFECTED LAND USE AND POPULATION 

 

Overlay analysis between land use, population and flood inundated areas can 

identify vulnerable areas of environmental and socioeconomic damage. Following figures 

and tables show flood impact on each GIS data in study area. 
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4.2.1 Affected Land Use 

 

Figure 22 : Flood Affected Land Use in Seoul by Census Block 

 

 

Figure 23 : Percentage of Affected Land Use Type in Study Area 
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Commercial 32.8 % 13.48 Km2 

Government 0.1 % 0.023Km2 

Industrial 0.9 % 0.382 Km2 

Mixed Use 14.1 % 5.817 Km2 

Open Space 1.6 % 0.677 Km2 

Residential 50.5 % 20.766 Km2 

Total 100 % 41.132 Km2 

Table 4 : Calculated Total Affected Areas by Land Use 

 

 

Figure 22 shows different land use affected when overlayed with flood inundated 

data and calculated Table 4 shows total affected areas. Figure 23 shows a pie chart of 

percentage of affected areas. Residential area is highly affected as it is 20.766 Km
2
, 

50.5%. Commercial and mixed use areas are also affected up to some extent, therefore it 

can arise risk for the population working and residing areas. 
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4.2.2 Affected Population 

 

 

Figure 24 : Total Population and Flood Inundated Areas by Census Block 
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4.2.3 Affected Handicapped Persons 

 

 

Figure 25 : Total Number of Handicapped Persons and Flood Inundated Areas by Census 

Block 
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4.2.4 Affected Low Income Persons 

 

 

Figure 26 : Total Number of Low Income Persons and Flood Inundated Area by Census 

Block 
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Table 5: A Table Showing Affected Population 

 

 

Figure 24 through Figure 26 show flood affected population. It can be said that 

approximately 19 % of Seoul citizens are in danger of flood hazard, however this 

calculation can be different from actual number of affected population. It could be stated 

that there is a significant potential for serious flooding. Floods are likely to become worse 

as the amount of green space declines and undeveloped land is replaced by impervious 

paved surfaces that shed runoff quickly and speed up the arrival of flood waves in 

populated areas downstream. 

 

4.3 EMERGENCY PLANNING 

 

The response system based on GIS can perform the impact analysis and help to 

alert the emergency response system of the nearby administrations. The effectiveness of 

emergency response depends on awareness and preparedness for flood hazard within the 

Affected 

Population 

In Census Blcok 1,976,305 

Affected 

Handicapped 

Persons 

In Census Blcok 16,0125 

Affected 

Low Income 

Persons 

In Census Blcok 7,282 

Total Population 10,373,234 

Total 

Handicapped 3,796 

Total 

Low Income 91,491 
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community. Affected persons and property owners could be informed with possible flood 

hazard and be first contacted and evacuated in case of any emergency.  

The produced flood affected area maps can be shared with public. This will allow 

non-technical users to analyze what kind of facilities would be affected in flood hazard 

areas. A person can decide if his or her property will be at risk and he or she could 

identify safer locations (Vaghani, 2005; Lang, 2001; Mitchell, 1998). A resident can use 

spatial data to overlay schools data with flood hazard zone and find out if his or her 

children’s schools are located in flood prone areas. He or she further can contact the 

school administration and shares information (Vaghani, 2005; Lang, 2001; Mitchell, 

1998). A business organization can use this data to map his or her employee homes, 

potential emergency shelter and other employers that can be guided by providing 

evacuation plan (Vaghani, 2005; Lang, 2001; Mitchell, 1998). A nearby hospital, the 

application can be used by GIS analyst to estimate how many patients to expect after 

flood occurrence (Vaghani, 2005; Lang, 2001; Mitchell, 1998).     
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Chapter 5: Conclusion 

 

Seoul suffers from a variety of urban environmental problems including 

overcrowding, housing shortages, transportation congestion, air pollution, building fires 

and flooding. In-migration from rural areas is heavy, demand for housing and public 

services are acute and urban population densities are the highest in the world. This fact 

indicates that when flood events occur, damages would more increase. Also, much of the 

potentially developable land is exposed to significant risks of flooding.  

Although the government and general public clearly understand the floods can 

cause to the society, they were still caught by surprise when floods occur. Developing 

flood forecasting and early warning systems for major and smaller basins are highly 

recommended. Currently, City of Seoul is conducting flood mappings for major rivers, 

but are still undergoing. Once they are ready, they should be open to local communities 

and public in order to help them what to do in the emergency situation. Relevant 

legislation and regulations that prevent making building structures on frequent inundated 

areas are also needed.  

This report is to identify relationships between flood and land use and vulnerable 

population in Seoul, Korea. The flood impact analysis can be used to obtain information 

about population, property and environment at risk during occurrence of flood. The 

emergency response department can use GIS in case of flooding to find out which street, 

school, hospital needs to be evacuated. The maps that created in this study can be open to 

public in order to inform people exposed to flooding risks.  
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