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1. INTRODUCTION

1.1 Background

GIS 1s a system of hardware and software used for
storage, retrieval, mapping, and analysis of geographic
data [1]. Practitioners also regard the total GIS as
including the operating personnel and the data that go
into the system. Spatial features are stored In a
coordinate system (latitude/longitude, state plane,
UTM, etc.), which references a particular place on the
earth. Descriptive attributes in tabular form are
associated with spatial features. Spatial data and
associated attributes iIn the same coordinate system can
then be layered together for mapping and
analysis. GIS can be used for scientific
investigations, resource management, and development

planning.

GIS differs from CAD and other graphical computer
applications in that all spatial data i1s geographically
referenced to a map projection in an earth coordinate

system. For the most part, spatial data can be "re-
projected” from one coordinate system into another,
thus data from various sources can be brought together
into a common database and iIntegrated using GIS
software. Boundaries of spatial features should
"register'™ or align properly when re-projected into the
same coordinate system. Another property of a GIS

database is that it has "topology,”™ which defines the
spatial relationships between features. The

fundamental components of spatial data in a GIS are



points, lines (arcs), and polygons. When topological
relationships exist, you can perform analyses, such as
modeling the flow through connecting Jlines 1iIn a
network, combining adjacent polygons that have similar

characteristics, and overlaying geographic features.

Today, the 1ncreased rate of change within modern
societies has created a need for fTaster and more
efficient data collection and this has led to the
development of new collection techniques.
Photogrammetric plotting, for example, was developed
within the arena of topographic mapping, but even this
involved the presentation of different data types as a
series of separate maps. Gradually the demand for
computer storage of spatial information grew, along
with the need for systems, which allowed the easy
retrieval of such data for the production of thematic
maps. This goal has only been possible as a result of
the startling development of computer design during the
1960"s and 1970"s. These changes allowed the initial
development of Geographical Information Systems (GIS).

1.2 GIS IN FLOOD MODELING

The number of damages caused by extreme flood events
increased dramatically during the last years worldwide.
Determination of flood risk areas i1s an essential for
the flood protection measures. To TfTacilitate detailed
spatial analysis of hydraulic data "Spatial Data link
and Analysis Module™ was developed. The main functions
of the module are,

e Transferring, embedding and spatially locating the
output of hydraulic simulation in GIS.



e Generating the water surface.

e Deriving the water depths and relative ground

elevations along the study area.

Furthermore, 1t 1is possible to carry out spatial
analysis of the derived and thematic data. It 1Is
possible, for example, to define the amount of

buildings vulnerable to flood in different degrees.

The main data requirements on the GIS side 1include
Digital Elevation Model (DEM), the shapes of river
cross sections, spatial thematic data, and the output
of hydraulic model. The methodology was applied on
rivers: Sulm (Germany), Necker (Germany), and Volga
(Russia).

The same techniques were also used for the large scale
inundation analysis In the Caspian region. The level of
the Caspian Sea rose dramatically iIn the end of the
last century. The study was carried out to make a rough
assessment of potentially flooded areas and territories
flooded over different periods 1i1n the past. The
approach was based on the DEM bathymetric data and
water levels for different periods. The DEM was
generated on the base of Remote Sensing data and
corrected using topographic maps [2].

In addition, the utilization of GIS tools has helped to
simplify and automate various tasks involved in the
production of Flood Insurance Rate Maps (FIRMs) for
Federal Emergency Management Agency (FEMAO. The GIS
tools have assisted in the evaluation of topographic
information, gathering of model iInput parameters, and

the determination of the flood hazard boundaries.



A flood hazard study in Pinellas County in Florida
State, utilized aerial photographic i1magery and one-
foot contour data transects for wave height analysis.
An ArcView tool comprised of Avenue scripts was
developed to extract station and elevation information,
along each transect, from the contour data. The aerial
imagery and topographic contours within the GIS aided
in interpolation between transect. In addition, a line
digitizing and smoothing tool was utilized to assist In

flood hazard boundary delineation [3].

2. PROBLEM STATEMENT

During the last decade a revolution has occurred in the
property insurance industry as a vresult of the
application of GIS technology to the estimation of the
risks to 1insurance companies of catastrophic 1insured
losses from major hazards. This development has 1its
origin iIn work undertaken within the research
department of the Travelers Insurance Company, and
within a number of university civil engineering
departments i1n Australia, i1n the 1970°s, but only
became taken seriously after i1ts commercialization and
success 1n predicting the losses from Hurricane Andrew
in 1992. It had a relatively rapid take up 1iIn the
United Sates, and i1ts use underpinned the establishment
of a new breed of property re-insurers in Bermuda 1iIn
the mid 1990°s. It has taken Jlonger to become
established 1in other parts of the world, but the
majority of 1iInsurance companies iIn Australia now use
the results of this type of analysis In purchasing re-

insurance [4].



City Maplewood in United States that located near to a
river that floods regularly. However massive TfTloods
were experienced in different years, different types of
burldings were constructed near to the riverbanks.
Buildings in the vicinity of the river are considered
under risk as per the insurance companies”
classifications. An insurance company needs to
formalize 1insurance premium guidelines for buildings

that fall within the flood zone iIn certain city.

In this project, i1t i1s required by the GIS specialist
to 1identify buildings that located within the Tflood
zone, 1In order to deal with them for 1insurance,
accordingly.

3. OBJECTIVE

The objective of this project is to locate the river
flood plain that intersects with the city boundaries
and hence identifying buildings that exist within the
flood plain.

4. TOOLS OF STUDY

Software is defined as the group of iInstructions, which
enable the execution of a certain procedure, by a
computer. A computer without software 1i1s a dead
machine. Within this section we do not intend to
discuss computer operating systems, this i1s of little
value to the general reader, rather we will discuss
characteristics, which are shared by most GIS software
packages.

GIS usually has a series of software modules which can

be broken down into the following groups:
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e The data acquisition modules
e The data processing modules

e The analytical modules - the data presentation

modules

ARC-GIS Software version 8.3 will be used all through
this project. This product of ESRI is believed to be a
powerful tool 1In order to perform the required

analysis.

5. Data

A virtual data module is used for this project, which
downloaded from the ESRI virtual campus web site
(http://campus.esri.com/campus/courses/psearcgis/disp

laygis). Different layers were loaded in order to make
a well constructed project. The theme of the project is
extended i1n order to use and practice different GIS

tools.



6. ANALYSIS PROCEDURE

6.1 Steps of Analysis

1.Loading Flood Plain, buildings®, Aerial Photo and
Transformers® layers from ESRI site using ArcCatalog

[5]-
2. Adding the flood plain layer.
- Adding buildings® layer to the map.

3

4_ Adding Aerial Photograph layer to the map.
5. Adding the Transformers® layer to the map.
6

. The attribute table showing 146 burldings
attributes, which i1s total number of buildings.

7. Classifying Buildings as per their monetary
values, using "By Value™ classification.

8. Viewing the classification result, with colors.

9. Classifying buildings using Natural Breaks
Histograms, as another classification method.

10. Identifying 250 meters zone from flood plain.

11. Identifying buirldings that exist within the
flood plain, generally.

12. Identifying 38-buirldings that exist within
the flood plain (under high risk).

13. Attribute table of buirldings that exist
within the flood plain (under high risk).

14. Identifying 31-buirldings that exist within
the 250 meters zone (under moderate risk).

15. Attribute table for buildings that exist
within the 250 meters zone (under moderate risk).



6.2 Detailed Steps [6]
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3. Adding buildings® layer to the map,

“. Project - ArcMap - ArcView
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4. Adding Aerial Photograph layer to the map,
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5. Adding the Transformers® layer to the map,

Project - ArcMap - ArcView
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6. The attribute table showing 147 buildings

attributes,
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7. Classifying

values,

__ Project - ArcMap - ArcView

Burldings

as

per

their

monetary

File Edit View Insert Selection Tools Window Help

B & D0
5 & 4

= 5 Layers
= & Transfo

N -
=
- [ Floed
=
= B Air Phot
Valu

High

Lo

Layer Properties

Ganalall Suulcal Salactiunl Display  Syrbology |Fia|d= | Definition Quaryl Laba\sl Joing &F!slatss'

Shiwy: = =

Features Draw quantities using color to show values. Import... I

Categories Fields Classification

Quantities i alue: Natural Breaks [Jenks]
Graduated colors z
Graduated symbols | Nomalzation: | <NONE> || | Classes: |5 w| Clessiy.. I
Propartional symbols :
Dot density Color Ramp: - . 'I

Charts

Multiple Attributes Symbol | Range [ Label |

0- 36310 0- 36310

3411 - 53700
59701 - 83562
[ o563 - 169300
I 169301 - 357290

I Sheow class ranges using feature values

36911 - 55700
59701 - 83562
83563 - 163300
169301 - 3657290

o ]

Caricel |

Apply

Diisplay I Souice |

| Drawing ~ Kk

.ﬂl]

R

[EN

||

O~ A~ (< lArieI

ElERE R I

. -
—

9521.55 11090,19 Meters

8. Viewing the classification result,

= Project - ArcMap - ArcView
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9. Classifying

10.

Histograms,
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11. Identifying buirldings that exist within the
flood plain,
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12. Identifying buildings that exist within the
flood plain (under high risk),
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13. Attribute table of buildings that exist
within the flood plain (under high risk),
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14. Identifying buildings that exist within the

250 meters zone (under moderate risk)
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15. Attribute table for buildings that exist
within the 250 meters zone (under moderate risk)
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/. DISCUSSION OF RESULTS

The flood plain iIs i1dentified and hence 1its
intersection with the existing buildings 1is also
assessed. Risk of flood 1s categorized into two
categories, high risk and moderate risk. The high risk
area 1s the area that bounded by the flood plain
geographic boundaries, while the moderate risk area 1Is
the area that extends 250 meters after the flood plain
boundaries. Transformers located inside the flood plain
are easily identified and they will contribute in the
risk as well as their 1iInsurance strategy. The 147
buildings, which is the total number of buildings is
categorized as 38 buildings that fall at high risk
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zone, 31 buildings at moderate risk zone and the rest

fall

out side normal flood plain zone. Hence, the

premium of iInsurance can be dealt with accordingly.

8. RECOMMENDATIONS

® GIS and its powerful tools are highly recommended

in order to deal with such problems.

Burldings fall within flood 2zone require high

insurance value.

Buildings fall within 250 meters from the flood

plain edges can be considered under moderate risk.

Transformers that fall within the flood plain are
identified and hence their risk contribution as
well as their 1i1nsurance can be dealt with

accordingly.
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