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Abstract

Web GIS-Based
Flood Management System for the
Architectural Heritage

JUNG HO JEON
Department oArchitectureand Architectural Engineering
The Graduate School

Seoul National University

In recent years, flood damage is drastically increasing due to global
warming, urbanization, irregular weather condition and so Especially,
flash flood by torrenal rain and locally heavy rainfall damage the
architectural heritage before an appropriate measure is taken.

Multilateral efforts are put into solving the issue, however, weakness in
effectively responding to the flood risk toward the cultural heritagklings
located all over the nation exists.

To solve the problem, the Cultural Heritage Administration conducted
researches from 2009 to 2012. Despite efforts, however, there are difficulties

in actively corresponding to the flood disaster due to unifledsesearch



data, low accessibility to the information and so on.

To address these limitations, this research attempts to present an effective
flood management system by integrating We&eographic Information
System (WeHGIS) with Relational Database &hagement SystefRDBMS)
and using realime rainfall data.

Compared to the traditional systersuggestedWeb GIS basediood
managemensystem isexpected to benore efficient, adaptable and flexible.
Ultimately, this research aims to be more supportive tool for flood risk

manageds decision making.

Keywords: Flood Risk Management System, Architectural Heritage, Web
GIS, RDBMS

Student Number. 2013-20572
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Chapter 1. Introduction

This chapter presents the reseaotijective research scope and method
Research objective mainly explains the necessity of this study and expected
results.Also, at the end of this chapter, main research process is degcrib

with research process figure

1.1Research Objective

Architectural heritage is constantly exposed togkrnal environment and
can be easily damaged by external fextdiThe Cultural Heritage
Administration 2013). Therefore, various preservation policies for
architectural heritage have been considered to prevent it from t@mgged
(Han, 2009).

In recent years, theccurrenceof locally heavy rainfall and flood inundation

has increased due to climate change and global warming. And the damage of
cultural heritage has increased eithi. prevent and minimize the damage,
The Cultural Heritage Admiistration classified flood as a major factor
threatening cultural heege with the five other factofge.g.,earthquake, fire,
manmade hazard, insufficient administration and biological dajage
Analyzing flood risk and vulnerability of architectural taige has to be
preceded before the proper measure israky the related organizations for
active response in flood disast¥pf et al.,2004).

The National Research Institute of Cultural Heritage suggested methods for

evaluating flood risk of architectural heritages from 2009 and fauiftdation
1



of managing flood risk of architectural heritage by applying it to the partial
area (e.g.,.Seoul, Suwn and Buyeb However, immediate and accurate
response is not carried out due to low usability of the related information, low
accessibility to the system addficulties in securing response time.

To overcome teselimitations written above, this researwill classify the
spatial and attribute data followed by establishment of flood management
system for the architectural heritage using Web Geographic Information
System which is effective in managing database and expressing the data.
Based on these wakthe research result is expected to effectively support
the flood risk manager ds decision maki
architectural heritage before flood disaster damages the thrgetans early
forecasting of flood risk which is helpful inesponding to the disaster
situation. Also, this research aims improvement in using disasiated

information andesponding to the disastgtuation.



1.2ResearchScope andProcess

This research mainly focuses aoden and stone architectutaritages
which are located on SeofriearGyeongbokgung Palacelongmyo Shring
Suwon(near SuworStream andBuyeo (near Qeum River). Also, the basic
information is mostly based on research results which were conducted by
Cultural Heritage Administratin from 2009 to 2012.

To solve the problem and to accomplish the objectives written above this
research should haweprocess andhe research processdgscribed at this
lower page and illustrated as follow Figurd.1l

1) Analyzing cultural heritage flooananagement system, flash flood and
response time and flood risk manager's decision making

2) Selecting eme applicablemethods to solve theroblem mentioned
above.

3) Establishing the system coupled with Relational Database Management
System and Web GeograpHifformation System based on analyzing
system requirements.

4) Usingusability evaluationthe effectiveness dhe suggested systein

verified.
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Chapter 2. Literature Review

To solve the problem and establish the syst#is, chapter discusses the
previous flood management system for the architectural heritage, concept of
flash flood related to the response time and flood risk maagecision
making.First, theprevious floodmanagemensystem is understood through a
literature review. Seconth verify the necessity of the system, the concept of
flash flood and response tinig researched througthe relatedtheory and
literature reviewFinally, introduce thdlood risk managr& decision making

whichwould be helpful in understanding current status of flood risk managing.

2.1Flood Risk Management forArchitectural Heritage

In recent daysan important development in flood management has been a
shift from flood protection tdlood risk management (Eveet al, 2012). It
means that the management process covers the entire process from prevention
to recovery and mainly focuses on advanced prevention instead of posterior
measuresTo manage the flood risk in the community, dies managersave
various mitigation measuresvailable These include analyzing vulnerability
of the target, building up the hydrological model which can predict the scale
of inundation and so on (Zerger and Weala2064).

As described inFigure2-1, the Cultural Heritag Administration, the
uppermost institution in dealing with disaster situatiategorized the way of
preparing for the flood disaster into four st€pg., prevention, preparation,

correspond and restoratjon
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Firstly, theydo regular patrolling and checking to preserve the architectural
heritageat the stage of prevention and preparatibiso, the administration
establiskescountermeasusgo improve a plan for preventing disasters and to
reduce damage by analyzing risk factors and vulnerability of the architectural
heritage.

Secondlyat the stage of correspond and restoratismadministratiorruns
prepared plan for preventing disastengiakly and accurately based on the
measure and manuakitten above. Also, they try to improve the preventive
measures and find every ways related with emergency procedure and

restoration The Cultural Heritage Administratiqr2013)



2.2 Flash Hood and Responselime

The way of prediction and damage prevention for the disaster has become
difficult while the number of combined and foreseendisaster increased
significantly. Due to it, there is a need for improved disaster management
system Yoon, 2011).

Espeially, flash floods are characterized by rapid spread time which occurs
damage to the target before an appropriate measure isdak#scribed in
Figure 22. And it makes it difficult to secureesponsedime for taking a
counter measuréSmith et al.,2014). Also, flash floods have high velocities
and tremendouserosive forces which occurs fatal damage to the solid

structures like architectural heritag&ate 2002)

S .
=0 // ub Administrater -
L < — Take Safety =
AN Measures /“
, f,; Flood Risk \\\\ Sub Administrator 7’“‘- -
2,1, Manager " p ‘i ! \

Sub Administrator

Time

A 4

Damage

=
Response Time < £

Figure 22. Features of the Flash Flood

Considering features of flash flood as written above, it definitely requires
different response than an ordinary type of flooddAt means that rapid
initial response is necessdyr minimizing damage to the target by reducing

response time.



In case of the previous researches analyzing flood risk of architectural
heritages in Seoul, Suwon and Buyeo, they mainly focused on the result of the
flood simulation model which is based on a single .area

However, it does not actively reflect the realistic situation which helps
administrato® decision making. Because of this reason, this resdarch
designedo make it possible to shorten thesponse time and make an early

warning by comparing design rainfall data with the real time rainfall data.



2.3Flood Risk Managert DecisionM aking

The flood risk managr makes lots of decisiotbo manage the risk of
architectural heritage.

The first step is predicting and calculating the possibilities of flood
inundation.To support this, a range of researches have been conducted from
probabilistic statistical predictions of recurrence intesvahd magnitudes
(Harper 1999) to spatially explicit twaimensional hydrodynamic models
(Hubbert and Mclnnes 1999Especially in case of hydrologic model,
researches coupled with remote sensing, GIS, quantitative model and time
series data have been dogted to support the manadeeffective decision
making.

Despite these efforts and researches, however, there are some reasons why
flood risk managers c8nmake an effective decision.

Liu (2014) argued thananagers cdhmake a rational decision due their
tendency to depend on personal pasperiencein spite of the growing
complexity and uncertainty in many decision situations of flood risk
management.

Zerger and Wealands (200gfatedthat an access to the results of models
developedo support the administrai@rdecision makingequires knowledge
about modeling and special software. Because most of managers are non
expert related to the specialized knowledge, however, they have difficulties in
fully understanding and using the resdearesults.

Lien (2009)suggested the limitations of the existing systems as follow. The

existing systems have difficulties in meeting the needs of the matager

10



access as they wantaacess the system at any time of the day and night with
many differet devices.

Chae and Woo (2006)resented that unclassified informaticand
unstructured data type result in the difficulties in supporting effective decision

making though there are various research results and data.

11



2.4Summary

To protect architectural heritages from flood damage, many researches have
beenstudied. Howewe there exist some limitations as follow:

1) Managefs tendency to depend on their past experience when they make a
decision making in flood disaster

2) Lack of professionalism of general managers

3) Low accessillities of the existing system

4) Unclassified and unstructured data

To solve the previously mentioned limitations, this research needs to develop
system which can overcome the limitations and effectivaipport the
administrato@s decision making.

To fulfill the goal, this research follows the steps

1) Develop Raational Database based on the previoesearch results of the
target

2) Combine Relational Database with W@&bographic Information System

And thedevelomd system is expected to effectively support the mafdager
decision making by increasing administr&oaccessibility and usability to

the required information and system.

12



Chapter 3. Databasefor the System

The preliminary data used for this research consists of various types of raw
data. To systematically structuralize the data, this research followsuhe
steps: data requirements analysis, conceptual DB design, logical DB design
and physical DB desigas shown in Figure 4. The specific process and

results will be presented on the next section.

Data Reguirements

E Entity-Relationship o ‘
Conceptual DB design
P j - Data Model ]
— 1
E-R diagram i:l[\isL]_' \':I—_
A — 1~
mmp | Logical DB design 4 Relational Data Model T Ll
Relational ol
Relational schemas =
DBMS |
mp T hysical DB design 4 e organization and el W B
access path, based on -
the options offered o .’
by the chosed DBMS _ _ . N
DB Implementation ) | *ﬁ o
L . | o |
4 B—="

Figure3-1. Database Process

3.1 DatabaseOverview

Database Management System means a groupragram which can
classify and store the data for easily using information (Raral., 2013).
Among them, Relational Database Management SyseDBMS) has
superior advantages in aspeof large size data processing, transaction and

locking compared tthe otlers (ee and Yop2010. Particularly,it has high

13



efficiency in systematically structuralizing spatial data which takes up a
considerable part of raw data (AdI2001). For this reason, this research aims
RDBMS based system development.

Also, combining RDBMS with GIS is necessargs it provides
administrator withrapid access to the required information and has high
efficiency in handling tremendous amount of spatiotemporal information
(Zerger and Wealand2004). Because of these advantagi@s,research aims

combination of RDBMS and Web GIS.

14



3.2 Data Classification and DBDevelopment

Based on the analysis of required information, service and function, the
database of the reseambnsists of six parts: cultural heritaigéormation DB,
hydrological information DB, flood risk management DB, risk assessment
scenario DB, hydrological model result DB and GIS information DB. And
each database consists of six tables allocated by data code for classification.

Table 3-1 shows detail contents and information of data which composes
database.

Cultural heritage information table includes data related with local cultural
heritage status, individual attribute datag(, type, name, category, height,
designated day, locatioadministration, number, area and etc.).

Hydrological information DB contains hydrosphere statug.(type, length
extension, level extension and etc.), topographic characteristig., (
distributionchart, soil map and etc.), hydraulic structuggy(,dam, reservoir,
power production facilities, facility data, waterway, general status and etc.)
and so on.

Flood risk management DB covers long range plan, emergency reaction
manual, structure installation manual, existing maneig. (master plan, river

basis modifying plan) and etc.

15



Table3-1. Database Components

Category

Data

CulturalHeritage
Information

Local cultural heritage status

Individual attribute data (Type, Name, Category,
Height, Designated day, Location, Administration,
Number,Area)

Hydrological
Information

Hydrosphere status (Type, Length extension, leve
extension)

Topographic characteristic

(Distribution chart, Soil map, etc)

Hydraulic structure (Dam, Reservoir, Power
production facilities, Facility data, Waterway,
General status, Etc)

Flood Risk
Management

Long range plan

Emergency reaction manual

Structure installation manual

Existing manual (Master plan, River basisdifying
plan)

Risk Assessment
Scenario

Flood frequency data
Risk assessment rainfall data
Maximum discharge capacity

Hydrological Model

Probable rainfall data(FARD)

Flood discharge data(HEBMS)

Flood stage data(HERAS)

Downtown flood routingnodel(SWMM)

Real time data from the Meteorological Agency
ETC

GIS Information

Coverage range

2D&3D numerical map
Ground TM coordinate
Water distribution networks
ETC

16



Risk assessmemstenarioDB consists of data related with flood frequency
data, risk assessment rainfall data, maxineisnhargecapacity and etc.

Hydrological model DB includes probable rainfall data (result of the
Frequency Analysis of Rainfall Data), flood discharge datsult ¢ the
Hydrologic Engineering Centé&rHydrologic Modeling System)Xlood stage
data (result of the Hydrologic Engineering CedgeRiver Analysis System),
downtown flood routing model (result of the Storm Water Management
Model), real time data &m the meteorological agency and etc.

GIS information DB covers information related with coverage range, 2D
and 3D numerical map, ground TM coordinate, water distribution networks

and etc.

17



3.3 Entity Relationship Diagram Design

On the basis of the classified data, the Entity Relationship Diagram of the
research is developed through the process of logical database design and
physicaldatabase design. It largely consists of entity, relationship, attribute,
primary key and etc.

This research developed table based on the classified table and allocated
code to the each table. Although the main table consists of six parts, it can be
expanded and categorized into eleven parts including administrator and
system function.

For example, incase of expressing information of individual cultural
heritage, the required data is showed on GIS based on Geographic
Information System spatial table coupled witidividual cultural heritage
information table and hydrological informatidable. Figure3-2 shows entity

relationship diagram based on the research.

18
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Figure3-2. Entity Relationship Diagram for Database
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3.4 Summary

This research follows four steps of designing databi@sstly, conceptual
database design is performed based on analysis of data requirements.
Secondly, logical database design is conducted in the form of entity
relationship diagram. It aims relational data model. Lastly, physical database
design process iollowed for file organization and access path based on the
options offered by the database management system. Through a series of
process, database is implemented if the form of RDBMS.

The database is expected to be integrated with Web GIS based omeal ti
rainfall data. Also, classified data and information would be systematically

used by the favor of flood risk manager.

20



Chapter 4. Web Geographic Information System

The system which supports administr@&odecision making in a flood
disaster requires high accessibility and user oriented interface considering
non-expert flood risk manager.

To solve the problem, numerous effort and researches have been conducted
including integration of GIS with multidisdipary models (Merz edl., 2010)
andliaison between web service technologies and seoriested computing
(Watson 2008). Among them, Web Geographic Information System has
advantages such a®nvenientaccessibility, data transparency, independent
plattorm, needlessness of additional hardware and software, high efficiency in
visualization and low development price. Therefore W86 based
environment can provide flood risk manager with the significant aid (Al
Sabharet al.,2003).

For this, lots of syems were developed includingWorld, which was
firstly developedn South Korea at 2012. It has advantages like provision of
extensive spatial data and free use. Especially, throudkiond, flood
managercan easily understanding the risk of the targetdentifying related
information such as location, direction, story, area and thematic map, (Han
2012) Also, no additional masbp and processing is needed for open
platform environment and easiness in developing system.

This research utilizes Open Ajpdtion Programming Interface as the main
server uses Web Geographic Information System.

Firstly, it calls API function. And the web site requests call to the GIS server

21



using API key. After receiving request, the server identifies validity of the API
key and suggests the required information to the user through the server.

Figure 41 shows the process of the WelS for the system.

Administrator

A User
C j------ e el s i Manager
m I Java Client | ' HTML Client !
Z || - L T !
—
I HTTP
v
L Java Servlet Servlet
< Web Server .
m Engine Connector
p s
Web Server “TCP/IP
Map Server
Java Application
‘ TCP/IP k 1. [ == . :
- E | Feature server
Tasker Monitor % 1 Query server |
7 Treee i Image server !
' Geocode server 1
S | V-World Server | : Extract server |
® I File 1/O Lo AHact sEveEr !
w £7
& G
Images |«

Figure4-1. Web-GIS Process
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Chapter 5. Flood Management System

In this chapter system requirements, system structure design, system
interface and function, real time expression of flood risk and provision of
correspondence manual are suggested to show the process of system
development. Each section describes detail contents of shkenswarchitecture.
Based on the analysis of system requirementduttieer process is suggested.
Through a series of process system could provide administrator with great

help of managing flood risk.

5.1 System Requirements

This research aims to solvdffitulties in securing response time related
with torrential rain and flash flood based on real time rainfall dda, this
study aims to support the flood risk managedecision making by use of
RDBMS and Web GIS.

RDBMS could systematically classify and structuralize the unstructured
data which has a format of individual model. And Web GIS has advantage in
offering rapid access and easy utilization to the flood risk manager. Also lastly,
based on User Interface, tleministrator couldeasily approach to the
required information and identify the result of simulated flood situation.
Figure5-1 shows the menu diagram of the system. The system menu mainly
consists otwo parts: section for identifying flood risk of therget in level of
river basin and individual subject, menu for retrieving architectural he@tage

repair and damage history.
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Figure5-1. Menu Diagram
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5.2 System Architecture Design

The system mainly consists of two parts. One is a Client which requires
information and the other is a Server which provides data. The client has a
Browser because Internet Web Browser is used when the Client inquire
information from the ServerAlso, thee is an Apache Web Server in the
Server to initiate service. And there is a MySQL server to manage information
easily and external Web GIS Server to operate GIS.

When Client inquire information (HTTP Query) from Server, the Server
generates informationni PHP server side language or XML markup
documents format. Also, the administrator can manage database using
MySQL to insert, modify and delete the dataan additionaldatabase. SQL
query is also used to generate information stored in database andntliie ¢
called out using PHP language. For that process, question and answer will be
made in MySQL database and a user will use this to find required information
and transfer to result value to MySQL server. The result is expressed by web
page in PHP languag Also, Open API based required information and data
reception is made in interlocking Web GIS Server. Figueshows overall

structure of the system.
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Figure5-2. System Architecture

26



5.3 System Interface and Function

In the aspect ofnformation related with disaster and hydrological model,
design and apability of system interface arenportant to successfully
improve the accessibility and usability of rerpert flood risk manager. This
is becausea user understands the result of siystem and makes a decision
based on User Interface (Power and Sh&aa?).

The system interface follows the Figube3 and required information is
expressed through the Web.

The interface consists of three parts: menu section, part for setting data
condition and retrieving and area for identifying information of the
architectural heritage.

A part for setting data condition and retrieving provides administrator with
rapid acces to the information of the target.

And an area for presenting geographic information supports mdasager
understanding based on high resolution Digital Elevation Model and three
dimensional map.

Ultimately, by use of the system, the administrator cdimelén how many
steps the decision making process would be completed and identify the logical

process.
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Figure5-3. System Interface

28



