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Abstract

Accurate river channd and flood plain representation plays vital
part in flood risk analysis (Sinnakaudan; 2001°). Terrain models
such as TINs and DEMs are normally used to represent floodplains.
But unfortunately finding a terrain model with a high density of
stream channel elevation points that are sufficient for hydraulic
modeling is not a easy task. However for years engineers and
resear chers have developed a high-resolution cross-section data for
hydraulic modeling from field surveys, photogrametries and
topographic maps. This research presented here introduces the
procedures for creating integrated multiresolution TIN (ITIN)
models for high-resolution flood plain representation for flood risk
analysis. The high-resolution river channel geometric data stored in
HEC-6 hydraulic model and low-resolution flood plain data in the
form of DEM created in ArcView GIS 3.2a were integrated by
resolving the coordinate incompatibility in the both system. An
integration procedure (ArcView extention) namely AVHECG6.avx has
been developed between HEC-6 Hydraulic Modéd and ArcView GIS
3.2a to visualize model outputs in a more presentable manner
through 3D capabilities of GIS.
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Introduction

Triangulated Irregular Network model or TIN is a finite set of
points which are stored with their elevation. The model is a
piecewise linear model that in 3 Dimensional space can be
visualize as a simply connected set of triangles [3; 18]. The
heirarchical or multiresolutional TIN model allows a mixture of
different detail levels in parts of the terrain, which are very much
suitable for flood plain analysis [18; 13; 17]. The idea of creating
amultiresolution TIN is rather old, and detailed literature reviews
can be found in the forms of graphics, GIS, agorithme
foundation, and others areas[8; 9; 10Q].

However the usage of TINs in flood plain analysis is gaining
much attention recently due to dramatic increase in the capability
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of desktop-based Geographic Information System (GIS) to
perform more sophisticated tasks in spatial data management [1;
13; 17; 15]

Terrain representation with high accuracy would be the most
important task in visualizing areas inundated by floods.
Constructiong a continuous floodplain terrain model with a high
density of stream channel elevation points sufficient for hydraulic
modeling are cost intensive and generally not available. However
for years, engineers and researchers have developed a high-
resolution cross-section data for hydraulic modeling from field
surveys, photogrametries and topographic maps [2; 19, 16; 13;
12].

The problem is that these high-resolution data used to simulate
the hydraulic models such as HEC-6 and FLUVIAL-12 are often
stored in hydraulic coordinate systems (referenced by the location
of the river stations and elevations- Sta, Elv) and incompatible
with GIS coordinate structure (referenced by east (x-coordinate),
north (y-coordinate) and elevation (z-coordinate) [17; 13].
Currently, there are no available methods with which to integrate
HEC-6 hydraulic model output data with ArcView GIS. The
study presented herein utilizes the simulated results from HEC-6
hydraulic model and ArcView GIS 3.2 (with Spatial Analyst and
3D Analyst extensions) [4;5;6;7] to offer an approach to resolve
this deficiency by using the hydraulic and hydrological data from
Pari River catchment in Ipoh, Perak, Malaysia (Fig. 1).

The M ethodology

The HEC-6 model was simulated using 2 sets of geometric data
as shown in Table I. The first set of data contains only the
information for river channel and flood plain within the bund
(Fig.2a). The second set of data is extended to 200 meter to the
left and right side of the bund (Fig.2b). The sample cross-section
output for each data was shown in Fig. 3 and Fig. 4. An ArcView
GIS extension namely AVHEC-6.avx was written in an Avenue
Script language and Dialog Designer with a series of ‘point and
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Fig. 1. Study Area

click' options to visualize the output from HEC-6 by contructing
an ITIN and to perform the flood plain analysis. The Data Import
option in AVHEC-6.avx enables the stream geometric
information form HEC-6 hydraulic model to be imported to
ArcView GIS 3.2a. Some of the parameters recorded are chainage
number, thalweg coordinates (x, z), left and right bank station
distance from thalweg, floodplain boundary coordinates (x,z),
cross section distance, water surface elevation, left and right flood
inundation distance from thalweg. Other parameters required for
calculation were stored as globa variables and will be
automatically deleted when user exit from ArcView GIS 3.2a.

The ArcView parameter table then geo-referenced using one to
one relationship by assigning three-dimensional map coordinates
for every vertex for the cross-sections (Fig.5). Using these three-
dimensional cross-section points, a Triangular Irregular Network
(TIN) model of the stream channel and floodplain simulated in
HEC-6 model is visuaized in ArcView GIS 3.2a. However, a
TIN created solely from this process only includes the geometry
information provided in HEC-6 model, but not the surrounding

landscape.

TABLE
GEOMETRIC DATA CONFIGURATION

Extend of Modeling Geometry Data
Channel geometry Channel & Floodplain
Geometry

Nomber of Cross-
section data 108 213
Cross-section interval | Varies
length Min: 3m 20m

Mac: 70 m
Total stations
(Sta, Elv - points) 18-23 124 - 138

Fig. 2. Grafic representation of the cross-section
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Fig. 3 HEC-6 output table with cross-section information
confined to river channel
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Fig. 4. HEC-6 output table with cross-section information to the left and
right side of the flood plain.



Fig.5. One to One relationship between ArcView parameter
table and reference points

To best represent the terrain, a continuous landscape should be
build and for this, the TIN should include areas both inside and
outside the river channel in order to give a sense of context. The
Digital Elevation Model (DEM) is the standard data model used
for small-scale representation of the land surface [11]. In order to
create a comprehensive TIN, a method to integrate relatively low-
resolution DEM data with comparatively higher resolution vector
stream channel/floodplain data generated from HEC-6 model is
applied. The raster DEM s then converted to vector elevation
mass point theme and all the points falls within the cross-section
boundary were deleted.

Three input files were needed to create an Integrated TIN namely,
ArcView parameter table, mass elevation points that fall outside
the cross-section boundary and channel breakline information
(left bankline, right bankline and thalweg). One could simply
triangulate the data set given in Table Il by following the given
options by using Delaunay Triangulation procedure. It is common
to use the Delaunay triangulation because it attempts to create
well-shaped triangles. The intended result is a continuous three-
dimensional landscape surface that contains additional detail in
stream channels as shown in Fig.6.

AVHEC-6.avx has also the capability of building a water surface
elevation TIN (WSE TIN) for the computed water surface
elevations from HEC-6 model and visualizes the resulting
floodplain in accordance with ITIN. The input themes needed are
ArcView parameter table and water surface extends to the left and
right from thalweg which are stored in ArcView parameter table.
The water surface TIN development criteria as shown in Table
I11. The flood plain representation with ITIN using the first set of
geometric data shows that the inundation mapping cannot be
visualized accurately. This is due to the modeling process in
HEC-6 is limited between the | eft and right bund of the Pari River
and no additional geometric information availlable to visualize
the calculated water overflow from the bund. (Fig. 7 & Fig. 8).

TABLEII

DATA CONFIGURATION FOR INTEGRATED TIN

Theme name Title Input Criteria
breaklinestep Left bankline, Right Input as : Hard Break
bankline Thalweg Lines
Height Source : Shape
cross Cross-section Input as : Mass points

Height Source : Shape

pointoutchannel

DEM devation mass
points

Input as : Mass points
Height Source

Grid_Height

TABLE I

DATA CONFIGURATION FOR WATER SURFACE ELEVATION TIN

Theme Name Title Input Criteria
wseext Flood extend to the left | Input as: Hard Break
and right side of the | Lines
channel from thalweg Height Source: aras air
wseboundary Flood boundary Input as: hard Clip

Poligons

Inside Channel: £ —
Elevation data fromz=2z==

HEC-6
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Fig. 6. Integrated Multi Resolutiona TIN




This deficiency in using first set of data for modeling is then
verified and eliminated by using second set of data which give
more satisfactory results (Fig. 9 & 10)

Fig. 7. WSE TIN draped over ITIN for
first set of data

Fig. 8. Inundation mapping limited to
river channel
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Fig. 9. WSE TIN draped over ITIN for
second set of data

Fig. 10. Inundation mapping extended to
left and right flood plain

Conclusions

This research gives engineers a new toolbox to support the
dynamic task in flood plain analysis using HEC-6 and ArcView
GIS 3.2a. The procedure for creating integrated multiresolution
TIN model alleviate the possibilities of using a loose coupling
method within Arc View GIS and HEC-6 hydraulic model for
flood risk analysis. The AVHEC-6.avx extension that was created
can be used to visualize various flood phenomenons for different
catchment areas by simulating the HEC-6 model and processing
the HEC-6 model output file. The methodology followed here is
suitable for any river assuming that it was geometrically defined
channel. This study shows that definition of the floodplain in
HEC-6 model controls the resulted ITIN and WSE TIN for flood
risk analysis in ArcView GIS 3.2a. However, it is recommended
that more emphasis be given to the development of embedded
flood risk analysis model within GIS environment. Overall, the
results of the study indicate that GIS provides an effective
environment for flood risk analysis and mapping.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the Intensified Research
in Prioritised Areas Grant (IRPA — 08-02-05-6006) and National
Science Fellowship provided by Ministry of Science, Technology
& Environment, Malaysia that has resulted in this paper. Many
thanks are also due to Department of Irrigation and Drainage
(DID), Kinta Batang Padang, Perak for providing the required
data on Pari River. The authors would also like to thank Ir. Eric
Tate from EQE International Inc. for his comments throughout
this research. An appreciation also goes to Mr. Lau Tze Liang,
Mr. Stephen Tan Boon Kean, Mr. Tan Boon Huat, Mr. Lee Chee
Beng and Mr. Paker Mohamad Abdul Hamid for assistance in
sediment data collection and analysis. Finally, many thanks to the
members of River Engineering and Urban Drainage Research
Center (REDAC) at Engineering Campus, University Science,
Malaysia on their support, advice and encouragement.



REFERENCES

[1] Anrysiak, P.B. (2000). Visual floodplain modeling with
Geographic Information Systems (GIS). Austin: The
University Of Texas at Austin.

[2] AbuHassan, Z. (1998). Evaluation of scour and deposition in
Malaysian rivers undergoing training works: case studies of
Pari and Kerayong Rivers. University of Science Maaysia,
Malaysia, Masters of Science Thesis.

[3] DeBerg, M. (2000). Visualization of TINS. In Lecture Notes
in Computer Science: Algorithmic Foundations of
Geographic Information Systems. Berling: Springler-Verlag.
pp. 79 —98.

[4] ESRI. (1996%. Using the Arc View GIS. New Y ork:
Environmental Systems Research Institute Inc.

[5] ESRI. (1996°). Using Avenue. New Y ork: Environmental
Systems Research Institute Inc.

[6] ESRI. (1997). Using the ArcView Dialog Designer. New
Y ork: Environmental Systems Research Institute Inc.

[7] ESRI. (1999). Using the ArcView 3D Analyst. New Y ork:
Environmental Systems Research Institute Inc.

[8] DeFloriani, L & Magillo, P. (2001). Multiresolution
Modeling of Three-Dimensional Shapes, Chapter 2 in 3D
Synthetic Environment Reconstruction, M. Abdel guerfi
(Ed.), Kluwer Academic Publishers: Boston. pp. 35-59.

[9] Magillo P., De Floriani L. & Puppo, E. (2000) A Library for
Multiresolution Modeling of Field Datain GIS, Proc. Int.
Workshop on Emerging Technologies for Geo-Based
Applications, Ascona, Switzerland. Lausanne: Swiss Federal
Ingtitute of Technology. pp. 133-151.

[10] De Floriani, L, Marzano, P. & Puppo, E.(1996).
Multiresolution Modeling in Geographical Information
Systems, Innovationsin GIS, Vol.3, D. Parker (Editor),
London: Taylor and Francis. pp. 9-19.

[11] Leenaers, H. & Okx, P. (1989). The use of digital elevation
models for flood hazard mapping, Earth Surface, Processes
and Landforms, 14, 631-640.

[12] Lee, C.B. (2001). River modeling application (FLUVIAL-
12): Case study of Kulim River and Melacca River.
University of Science Malaysia, Malaysia, Final Y ear
Project Report

[13]

[14]

[15]

[16]

(17]

Sinnakaudan, S, Ab Ghani, A, S. Ahmad, M. S & Zakaria,
N, A. (2002%. Integrating GI'S with Hydraulic and
Sediment Transport Model for Flood Risk Analysis.
Proceedings, R & D Colloquium on River Engineering and
Urban Drainage, Penang, Malaysia, 14 —15 August.

Sinnakaudan, S, Ab Ghani, A, S. Ahmad, M. S & Zakaria,
N, A. (2002). Accurate Flood Plain Definition for
sustainable flood risk analysis. Proceedings, Second
National Civil Engineering Conference (AWAM 2001), 5-8
February (paper accepted).

Sinnakaudan, S, Rainis, R. (1999). Techniques for
Constructing Digital Elevation Model (DEM) and The
Effect on Watershed Delineation, Proceedings, In
Proceedings National conference on Rivers 99. pp. 14 — 17
October.

Tan, B.H. (2000). River modeling application (HEC-6):
Case study of Pari River and Melacca River. University of
Science Malaysia, Malaysia, Fina Y ear Project Report.

Tate, E. C., Olivera, F. & Maidment, D.(1999). Floodplain
Mapping Using HEC-RAS and ArcView GIS. Austin : The
University Of Texas at Austin.

[18] VanKreveld, M. (2000). Digital Elevation Modelsand TIN

Algorithms. In Lecture Notesin Computer Science:
Algorithmic Foundations of Geographic Information
Systems. Berling: Springler-Verlag. pp. 37 — 78.

[19] Yahaya, N.(1999). Development of Total bed material

transport rating curvesfor riversin Malaysia: Case Studies
of Pari River, Kerayong River and Kulim River. University
of Science Malaysia, Malaysia, Masters of Science Thesis.



	Integrated Triangular Irregular Network (ITIN) Model for Flood Risk Analysis
	Case Study: Pari River, Ipoh, Malaysia
	Email: redac04@eng.usm.my    Tel: +604 – 5937788 ext 5465   Fax: + 604 – 5941036

	Abstract
	
	
	The Methodology
	
	Conclusions





	ACKNOWLEDGEMENTS
	
	
	
	
	
	REFERENCES




	[13]   Sinnakaudan, S, Ab Ghani, A, S. Ahmad, M. S &Zakaria,
	N, A. (2002a). Integrating GIS with Hydraulic and
	Sediment Transport Model for Flood Risk Analysis.
	Proceedings, R & D Colloquium on River Engineering and
	Urban Drainage, Penang, Malaysia, 14 –15 August.



