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The paper presents an integration of a geographic information system (GIS) and a complex three-dimen-
sional hydrodynamic sediment and heavy metal transport numerical model. The integration overcomes
the two-dimensional constraint of conventional GIS by supplementing advance tools for three-dimen-
sional, dynamic visualization. The application of a GIS-based interface module together with the
three-dimensional, dynamic display tools enhances communication of relationships and trends of hydro-
dynamic and pollutant transport simulation in both spatial and temporal context, and thus promotes bet-
ter coastal water quality planning and management. Model functionality includes input data viewing and
editing, mesh grid configuration, and result interpretation. The functionality of the GIS-model integrated
system is illustrated through a case study on the Pearl River Estuary (PRE).

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

The use of numerical models is the most feasible approach to
solving hydrodynamic and pollutant transport problems. However,
such complex models generally involve vast amounts of geograph-
ically-referenced information, and thus require enormous efforts in
preparation of input data as well as in handling of output results
for interpretation. Numerous efforts have been made over the dec-
ade to integrate hydrodynamic and pollutant transport models
with geographic information system (GIS) [1-3]. Such integrations
not only make efficient the modelling pre-processing and post-pro-
cessing procedures, but also provide the system with spatial data
management, analysis, and visualization functionalities.

Although GIS is demonstrated to be an invaluable asset in
hydrodynamic and pollutant transport modelling, there is one ma-
jor constraint in its implementation. Marine environmental data
exhibit variations not only in both location and depth, but also
through time [4]. It is difficult to establish a rigorous model to rep-
resent the ever-changing, three-dimensional nature of marine sys-
tem in a GIS environment. This explains why most of the current
GIS-hydrodynamic/pollutant transport models are limited to
two-dimensional capabilities. Since hydrodynamics is intrinsically
three-dimensional and dynamic, such models oversimplify the real
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situations and generate results with limited accuracy. As the fun-
damental concept of GIS is mapping of information in two-dimen-
sional ground, there is a considerable challenge in unfolding this
two dimensionality for applications into the three and four-dimen-
sional world.

This paper describes the integration of a GIS and a complex
three-dimensional hydrodynamic sediment and heavy metal
transport numerical model. The model was developed at The Hong
Kong Polytechnic University [5] to tackle the deteriorating water
quality conditions at the Pearl River Estuary (PRE). The model cov-
ers the prediction of hydrodynamic patterns and sediment and
heavy metal transports for the entire PRE using the finite element
method. Such complex computation requires the model to be run
on an efficient parallel computing system of ten CPUs using Mes-
sage Passing Interface (MPI) scripting.

The parallelized system is implemented using a LINUX operat-
ing system, in which its user-friendliness is incomparably lower
than that of proprietary operating systems such as Windows or
MacOS. Both model input and output involve a substantial quantity
of spatial data, however, the model is not equipped with any tools
to handle spatial analysis and visualization. This constraint marks
the necessity to provide the essential graphical tools for prepara-
tions and displays of model inputs and outputs; and the integra-
tion of the model with a GIS is identified as a plausible approach.

The primary objective of the integration is to build a connection
between the model and a GIS. Using input data created in the GIS,
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numerical simulations can be run and model results can be ana-
lyzed in the GIS. Furthermore, to overcome the two-dimensional
limitation of conventional GIS, a set of data displaying tools are
developed to offer interpretation of information in the third (i.e.
depth) and fourth (i.e. time) dimensions.

2. A complex, three-dimensional hydrodynamic sediment and
heavy transport numerical model

In this study, a GIS is integrated with a complex, three-dimen-
sional hydrodynamic sediment and heavy transport numerical
model. This model was initially developed by Wai and Lu [6] with
the key purpose to simulate hydrodynamic and sediment transport
processes in coastal and estuarine regions using an efficient paral-
lel-processing algorithm. The information derived from the model
is essential for design and management of coastal infrastructure as
well as for monitoring of water quality and wastewater discharge.
The model was later improved by Jiang [7] to include the fate and
transport of cohesive sediment and heavy metals modelling. Jiang
[7] also adopted more advanced algorithms, including parallelized
Eulerian-Lagrangian operator splitting strategy for solving large
linear equation system, the level 2.5 turbulence closure sub-model
to improve the accuracy of the vertical eddy viscosity coefficient
estimation, and the finite element method for solving vertical dif-
fusion term, and successfully applied it for simulating the PRE
situation.

The model is made of a set of sub-components as shown in
Fig. 1. The hydrodynamic model together with the turbulence
and salinity modules forms the base model. Variables are passes
through two auxiliary models for predictions of cohesive sediment
and heavy metal concentrations.

2.1. Base model

The base model is built upon the Navier-Stokes equations with
the assumption that hydrodynamics in estuaries and coasts is iso-
thermal; and the vertical acceleration is negligible in comparison
with gravitational acceleration, resulting in hydrostatic pressure
distribution. In the hydrodynamic module, important phenomena
including turbulence and salinity are also considered. The govern-
ing equations are given as follows:

Continuity equation:
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Fig. 1. Computation flow of the complex, three-dimensional hydrodynamic sedi-
ment and heavy transport numerical model [7].

Momentum equation (Navier-Stokes equations):
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(-2 "+ H-2""; Z=2%_1 % where t is time; h is the
water depth relative to the minimum water level; ¢ is the water sur-
face elevation relative to the minimum water level; x;, x5, X3 are the
spatial coordinates in sigma ¢ coordinates; u, v, @ are velocity com-
ponents along the x, y, z-directions, respectively, in ¢ coordinates; w
is the vertical velocity in Cartesian coordinate; &, €,, €, are the eddy
viscosity coefficients for water in the x, y, z-directions, respectively;
Esalix, Esaliy, Esaiiz are the eddy diffusion coefficients for salinity in the
X, ¥, z-directions, respectively; g is the gravity acceleration; f is the
Coriolis coefficient; S is the water salinity; p is the water density;
po is the constant reference water density; g%/2 is the turbulence en-
ergy; lis the master turbulence length scale; &g, &4y, &, are the eddy
diffusion coefficients for turbulence energy in the x, y, z-directions,
respectively; p is the water pressure; v, is the speed of sound; the con-
stant coefficients are E; = 1.8, E; =1.33,E5=1.0,B; =0.74and k= 0.4,
and P; is the baroclinic term with Boussinesq assumption in the x;
direction given by the following equation:
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The water density p is a function of temperature T and chlorinity Cl:
p = 1000 + 1.455C! — 0.0065(T — 4 + 0.4Cl)* (7)
and (I relates to salinity by

Cl=(S-0.03)/1.805 (8)
The Smagorinsky formula is used to obtain the horizontal viscosity
and coefficients, €; and &g
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where C is a constant ranging from 0.1 to 0.2, A is the area of the tri-
angular elements. The Level 2.5 turbulence closure model adopted

by Mellor-Yamada [8] is applied for computation of vertical eddy
viscosity and diffusion coefficients.

2.2. Cohesive sediment transport model

The fate of cohesive sediment is heavily influenced by floccula-
tion as the floc settling velocity can be several orders of magnitude
greater than that of primary particles. In this model, the floc size
equation is coupled with the sediment concentration equation
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Fig. 2. Conceptual diagram of integration of a GIS and a complex three-dimensional hydrodynamic sediment and heavy metal transport numerical model.

for computation of the transport and fate of cohesive suspended
sediments.
Sediment concentration equation:
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Floc size transport equation:
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where &seqj = [Esedxs Esedys gsed_zH’z]; C; is the cohesive sediment con-
centration; ws is the apparent sediment settling velocity;
Esed.x, Esedy, Esedz are the eddy diffusion coefficients for sediment in
the x, y, z-directions, respectively; Dy is the diameter of floc; K4
and Kj are break-up parameter; D, is the diameter of primary par-
ticles; and G is the turbulence shear stress.The turbulence shear
stress G is calculated by substituting the turbulence energy equa-
tion according to Mellor and Yamada [8]:

:\@:\/% (12)

where ¢ is the turbulence energy dissipation rate; v is the kinetics
viscosity; and B is a constant set to 16.6.

2.3. Heavy metal transport model

The computation of the fate and transport of heavy metal is
based on the one-stage and two-stage adsorption and desorption
mechanism. The one-stage equation assumes the concentration
of metal remains constant as the dissolved metal is adsorbed onto
surface of sediment. The equations for the two-stage mechanism is
adopted based on the theory by Jannasch et al. [9], which assumes

that the dissolved metal particle is adsorbed “quickly” onto the
surface of sediment, and then deposit “slowly” into the inner part
of sediment.

One-stage model:
Adsorbed metal concentration equation:
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Dissolved metal concentration equation:
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Two-stage model:
First stage (fast process) metal sorption equation:
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Second stage (slow process) metal sorption equation:
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Dissolved metal concentration equation:
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where P is the adsorbed/particulate metal concentration in pg/g; Kp
is the partition coefficient in 1/g; k is the forward or reverse transfer
rate in 1/s; ws is the particle setting velocity; ¢,;=
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MODEL VARIABLES INPUT AND UPDATE

 Primary data - length of computation and computation time
step, wind stress, horizontal and vertical eddy viscosity
coefficient

» Element source - constant data of flux, sediment and salinity
concentration, floc size, dissolved metal concentration,
adsorbed metal concentration in 1% and 2™ stage

» Sediment parameter - rate of horizontal and vertical eddy
viscosity coefficient of sediment to water, density and particle of
suspended sediment, floc and break-up coefficient of suspend
sediment

« Dry and flood control - minimum depth of bed, minimum width
at capillary, width for decrease rate of capillary, and elevation of
capillary bottom

pre-processing

» Open boundary concentration - tide, salinity, sediment
Model concentration, sediment floc size, and metal concentration

« Initial boundary concentration - tide, velocity, salinity, sediment
concentration, sediment floc size, and metal concentration

MESH GRID CONFIGURATION/ BATHYMETRY
1 ¢ Land and water boundary, mesh element, node coordinate,
water depth

SPATIAL LAYER DISPLAY IN MAPPING WINDOW

« Spatial layer (vector or raster) for specified depth layer - initial
boundary condition, element source

« Spatial interpolation to generate raster from point vector layer
(method: Inverse Distance Weighted (IDW), Spline, Kriging,
Natural Neighbours, and Trends)

tidal data

TIME SERIES PLOT
— - Time series for specified node - open boundary condition of

VERTICAL PROFILE PLOT
« Vertical profile plot for specified node - Initial boundary

GENERATION OF INPUT FILES
« Create a set of input files from data in model input database

Fig. 3. Model pre-processing operations.

[€px: €pys €p 2]y Epxs Epys €,y are the eddy diffusion coefficients
for adsorbed/ particulate metal; Cy is the dissolved sediment con-
centration; Cs is the suspended sediment concentration; &g is the
dissolved metal diffusivity coefficient in the j direction. The sub-
script “1” denotes the parameter of the first equilibrium partition
at the sediment surface, where “2” denotes the interactive process
in the inner sediment.

2.4. Modelling variables

The three-dimensional hydrodynamic sediment and heavy
transport numerical model as described encompasses numerous
direct and indirect variables. Direct variables include horizontal
and vertical velocities, turbulence energy, bed shear stress, vertical
viscosity, turbulence energy multiplied by characteristic length,
sediment transport variables such as sediment concentration, sed-
iment floc size, as well as other modelling concentrations such as
salinity and metal concentration dissolved in water, metal concen-
tration adsorbed on particle surface, and metal concentration ad-
sorbed in inter particle. Indirect variables include the forcing
inputs such as tidal level, concentrations prescribed at the bound-
aries, and so forth. All modelling variables are temporally-varying,
while most are spatially-varying in three dimensions. This empha-
sizes the needs of a robust system for management and visualiza-

tion of the substantial quantity of temporal and spatial
information.

3. Integration with a GIS

The development of the GIS-model integrated system is carried
out using GIS Software ARCVIEW Version 9, developed by the Envi-
ronmental Systems Research Institute, Inc. (ESRI). The software is
customized using ARCVIEW’s built-in Visual Basic for Application
(VBA) scripting through the manipulation of ArcObjects. Advance
data display tools are also developed from Active Dynamic Link Li-
brary (DLL) in Visual Basic (VB), and registered into the GIS. A user-
friendly menu-driven interface is used to conduct GIS-related
hydrodynamic analysis.

Fig. 2 shows a conceptual diagram of the GIS-model integrated
system. The integration is implemented using a mid-level coupling
method (i.e. interface integration method according to Shamsi
[10]), enabling model pre-processing and pro-processing proce-
dures to be completely carried out within the GIS menu-driven
graphic user interface. Two separate flows of information are
established between the GIS and the model, one for data input
and the other for model output. This enables the user to update
and view model input, modify mesh grid configuration, and re-
trieve and display model output through the GIS window. Basic
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functionality of the GIS can also be applied for analysis of model
results.

The integration using a mid-level coupling method allows full
coverage of the model operations within the GIS interface, except
for model execution. The reason for not extending the integration
further for a tightly-coupled system lies upon the model opera-
tional scheme and the requirement of GIS capabilities for the mod-
el. The procedural implementation of the model consists of three
sequential steps: (1) preparation of input file, (2) execution of
model, and (3) retrieval of result from output. Note that the model
does not provide any real-time generation of results, that is, results
are outputted in a batch after model simulation is fully complete.
The actual execution of the model is a single, distinct procedure
that does not require any GIS capabilities. So the application of a
mid-level coupling method is sufficient to meet the goal of integra-
tion, that is, to allow pre-processing and post-processing proce-
dures to be carried out entirely within the GIS interface, for this
study.

3.1. Model pre-processing

The data input requirements of the model include bathymetry
of the study area, inflow and outflow for source elements, sus-
pended and bed sediment parameters, tidal flat drying and flood-
ing control variables, initial conditions and boundary conditions
of tidal elevation, salinity, current velocity, sediment concentra-
tion, and metal concentration, as well as mesh grid configuration.
The pre-processing component is developed for retrieval, manipu-
lation, editing, display, and export of model input data through the
GIS interface (see Fig. 3).

3.1.1. Data retrieval and update

All model inputs are primarily stored in forms of text file. A rela-
tional database is developed using the MS Access software for stor-
age of model input (refer to Fig. 2). The placement of model input
into a relational database serves two main purposes. The first is to
allow efficient management and query of model input, and the sec-
ond is to establish a direct linkage between the model input and
the GIS user interface using Object Linking and Embedding (OLE)
technology. Programming routines have been developed to allow
retrieval and update of the input data tables through the input dia-
log boxes. Fig. 4 shows the dialog box for retrieval and editing of
initial conditions of velocity. Similar data operation dialog boxes

Initial Conditions - Velocity

Layer: ALL »
Mode: ALL v
‘ID - |Iayer - ‘node - ]u v |v - \w 'r|
3 1 1 1 0 0 A
2 2 1 0 0 B
3 3 1 0 0
4 4 1 0 0
5 5 1.0 0 ¥
i! L}

Fig. 4. Model input operation dialog box - initial conditions of velocity.

are implemented for all other model inputs. An update files func-
tion is also incorporated into the software in order to complete
the entire pre-processing implementation. The function takes the
data from the database and creates input text files based on the
data.

3.1.2. Data display

The pre-processing component also includes functions for gra-
phic display of input data. There are three basic ways to display
model input. The first method is a spatial layer (vector or raster)
at a specified water depth layer through the GIS mapping window.
The types of model input which can make practical use of spatial
layer display are initial boundary conditions, water depths, as well
as element source (i.e. concentration of pollutants released at river
mouth or any other sources). A spatial layer can be created simply
by specifying the parameter and the layer (not applicable for water
depths and tidal data). Based on the selection criteria, the GIS per-
forms SQL queries to extract the information from the model input
data and displays in forms of point feature layers.

The values for model input parameters are attributed to node
and layer numbers. In order to display the information spatially
in form of a point feature layer, each nodal point is referenced to
a geographic coordinate. The node geographic coordinates are all
stored in a node coordinate table, which are connected with the
other tables, for geographical reference during the system querying
process. Fig. 5 shows the relational structure (i.e. one-to-many) be-
tween the node coordinate table and the tables for initial condi-
tions and water depths.

The incorporation of spatial layer displays allows for quick and
easy interpretation of information. Fig. 6 is a single spatial point
layer of water depth created using the model input display com-
mand. The colour of the nodal points gradates from light to dark
as the water depth varies from shallow to deep. Hence, the user
can acquire, at a glance, a comprehensive picture of specified mod-
al input variables. The spatial layer display function can also be
implemented in a batch mode (i.e. more than one spatial layer
can be created upon a single execution of command) to generate
a block of profile spatial layer.

Two other data displaying functions, the time series and vertical
profile plots, are also incorporated into the system for examining
temporal and depth variation. Time series plot is only applicable
for open boundary conditions of tidal level (as all other variables,
such as sediment concentration, salinity, and metal concentration
are assumed to be constant with time), while vertical profile dis-
play is for both initial and boundary conditions of all variables ex-
cept tidal level and water depth.

TABLES FOR INITIAL
CONDITIONS, WATER

NODE DEPTHS
* node
COORDINATE « layer (not for water depths
TABLE and tidal levels)
* node * parameter
« northing
« easting

Fig. 5. Database relationship diagram - model input data.
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Fig. 6. Display of a spatial point layer of water depth from model input in the GIS
mapping window.

3.1.3. Mesh grid configuration and refinement

Mesh grid configuration is another important procedure which
makes efficient use of GIS through the integration. The mesh grid of
this model is composed of a set of triangular elements, and each
triangular element is configured based on a set of six nodal points,
three for corner points and three for middle points. A set of mod-
ules is developed for generating the mesh grid through the GIS
interface as well as for editing the grid elements.

The setup of the mesh grid is derived primarily from two input
tables, one identifies the six nodal numbers for each triangular ele-
ment and the other provides the coordinates of nodal points. Fig. 7
shows the dialog box for viewing the mesh grid configuration in
numeric format. To allow spatial examination of the mesh in the
mapping window, programming routine is written for generating
shapefiles resembling the mesh grid configuration based on data

Configure Mesh Grid

— Mesh Element
Jelement vjmde‘! - Jnoue 2w |nuu33 vjnmle 4w Inodeﬁ - |mues - |
1 1 2 3 4 8| &
» 2 1 3 k- — 8 of =
3 3 2 10 5 " 12
4 7 3 10 8 12 13
s 10 14 7 15 16 13
3 17 7 14 18 16 19
7 14 20 17 21 22 19
8 23 17 20 24 22 25
g 20 26 23 27 28 25| #
2] i || 3|
— Node Coordinate
lnnda annrthing v]easﬁng - l I
1 917714.2783 ?59925,743:§|
2 916405.3591 756429 67221
» 3 909139.2073 765786.659
4 9170893187 763177.710
5 9127722832 761108.181:
6 913426.7428 T67856.219
7 9040775309 773628.85T:
8 9066083691 769707773
9 9108959046 771777.302%
T &

Close |

Fig. 7. Dialog box for configuring mesh grid.

from these two input tables. The mesh grid generation function
creates three shapefiles: one polygon shapefile representing the
triangular elements, one point shapefile for all nodes, and another
point shapefile for the corner nodes only. Fig. 8 shows the gener-
ated mesh grid in the GIS mapping window.

In addition, a mesh grid edit toolbar is also incorporated into
the system which allows the user to refine the mesh grid by mov-
ing the nodes using the cursor in the GIS mapping window. The
arrangement of the triangular element relies merely on the corner
nodes. Upon initialization of the mesh grid edit session, the GIS
turns off (i.e. make invisible) the shapefile for all nodal points in or-
der to reinforce that only the shapefiles for mesh element and cor-
ner points are allowed for selection and editing. The user can re-
configure the mesh grid by moving the corner nodes and the pro-
gram keeps track which corner node has been modified. At termi-
nation of the edit session, the system carries out two types of
update, one for the coordinate tables in the model input database
and the other for the shapefiles. Since geometrically a middle node
must lie halfway between the two corner nodes, the coordinate for
each middle node can be calculated simply by taking the average of
the coordinates for the two corner nodes. Based on the new coor-
dinate values for middle and corner nodes, the system updates
both the coordinate table and the three shapefiles.

3.2. Model post-processing

The main intention of the post-processing component is to take
the model output data and display them in forms of spatial layer
(vector or raster), time series, and profile (see Fig. 9). Same as the
model input, the model output consists of a set of text files. A mod-
ule is written to convert the output text file into Database File
(DBF) format (refer to Fig. 2). The retrieval data in DBF format
rather than in text format improves the system efficiency.

The model output variables include sediment concentration,
sediment floc size, salinity, metal concentration dissolved in water,
metal concentration adsorbed on particle surface, metal concentra-
tion adsorbed in inter particle, tidal level, depth from sea mean le-
vel, horizontal velocity magnitude and direction, vertical velocity
magnitude, horizontal viscosity by Smagorinsky formula, vertical
viscosity by turbulence module for water, vertical viscosity by tur-
bulence module for salinity, vertical viscosity by turbulence mod-
ule for turbulence, turbulence energy, turbulence energy

A

s Sk
e
v,

[ i

%’f
A

%
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AN PN
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Fig. 8. The Pearl River Estuary: finite element mesh.
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OUTPUT VARIABLES

« Sediment concentration, sediment floc size, salinity,
metal concentration dissolved in water, metal
concentration adsorbed on particle surface, metal
concentration adsorbed in inter particle, tidal level, depth
from sea mean level, horizontal velocity magnitude and
direction, vertical velocity magnitude, horizontal viscosity
by Smagorinsky formula, vertical viscosity by turbulence
module for water, vertical viscosity by turbulence module
for salinity, vertical viscosity by turbulence module for
turbulence, turbulence energy, turbulence energy
multiplied by characteristic length, bed shear stress, and
critical shear stress

TEXT TO DBF OUTPUT FILE FORMAT CONVERSION

397

Model post-
processing

« Convert output text file to DBF format to improve
system efficiency

SPATIAL LAYER DISPLAY IN MAPPING WINDOW

« Spatial layer (vector or raster) for specified depth layer
and time instant

« Spatial interpolation to generate raster from point
vector layer (method: Inverse Distance Weighted (IDW),
Spline, Kriging, Natural Neighbours, and Trends)

» Batch mode available to create spatial profile block or
spatial time series block — can be applied using three-
dimensional, dynamic display tools

TIME SERIES PLOT
« Time series plot for specified node and depth layer

VERTICAL PROFILE PLOT
« Vertical profile plot for specified node and time instant

Fig. 9. Model post-processing operations.

multiplied by characteristic length, bed shear stress, and critical
shear stress. All variables, except for tidal level, are referenced by
three spatial coordinates and a temporal coordinate. Thus, the spa-
tial layer of a typical variable is retrieved from the input of the
water depth layer and the simulation time (see Fig. 10). A number
of spatial interpolation methods - Inverse Distance Weighted
(IDW), Spline, Kriging, Natural Neighbours, and Trends - can be ap-
plied to create raster layers from the retrieved point feature layers.
A time series is retrieved from input of the water depth layer and
nodal number, while a profile plot is generated from input of nodal
number and simulation time.

Spatial layers can also be retrieved in a batch mode such that all
layers from the same time instant or the same water depth layer
are created using a single command. The result is a spatial profile
block or a spatial time series block. Furthermore, the spatial profile
block for several time instants can be generated at once, resulting
in a temporal set of spatial profile blocks (see Fig. 11). The next sec-
tion discusses three interactive toolbars for three-dimensional, dy-
namic visualization used in conjunction with the spatial profile

Results - Single Spatial Layer

Paramneter: I sediment conceritration L]
Datejtime: | 62011998 e:00:00 aM |

Layer: | 3 vl

Layer name: I SEDCON

Add I Cancel

Fig. 10. Model output operation dialog box - a single spatial layer.

raster block, the spatial time series raster block, and the temporal
set of spatial profile raster blocks.

3.3. Three-dimensional, dynamic display tools

Three interactive toolbars are developed for three-dimensional,
dynamic display of the model result. These include profile and sec-
tion display, time series dynamic display, and dynamic section
display.

3.3.1. Profile and section display

The profile and section display toolbar is implemented with a
spatial profile raster block, which is consisted of a set of spatial ras-
ter layers taken at different depth layer at the same time instant.
Both operations of the profile and section displays require first
specifying the name of the spatial profile raster block. For the pro-
file display, the user can then click any point within the map re-
gion. A programming routine has been written, which extracts
value at the selected point from each of the raster layers in the pro-
file block, and generates a profile plot using the extracted values
(see Fig. 12).

Similar data extraction technique is applied in developing the
section plot display tool. However, instead of selecting a single
point in the map region, the user needs to click two points to spec-
ify a line. Upon execution, the system first derives the bathymetry
along the line from a raster depth layer for creating a polygon ob-
ject representing the seabed. Then, from each raster layer, several
discrete values are taken along the specified line and plotted onto
a point feature shapefile for section. Spatial interpolation is further
applied to convert the point feature shapefile into a raster layer.
The final step is the overlay of the seabed polygon object onto
the rectangular raster image, resulting in a colormap resembling
the sectional view of the specified parameters (see Fig. 13).
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3.3.2. Time series dynamic display

As hydrodynamic marine environment is continuously chang-
ing, dynamic display is an essential tool for examining and analyz-
ing temporal variation of coastal data. The time series dynamic
display follows the same data extraction concept as the profile dis-
play. Values at a specified point are extracted from each layer of a
specified spatial time series raster block to generate a time series
curve. A module for dynamic display of the spatial layers is devel-
oped using the VB Timer control. The animated temporal variation
of a specified parameter is generated by adjusting the visibility of
raster layers within the spatial time series raster block over time.
For instance, layer 1 is visible only at time t1, layer 2 is visible only
at time t2, and so on. In addition, a cursor moves dynamically along
the time series curve to the position (i.e. time) corresponding to
that of the visible layer (see Fig. 14). Additional features are play-
back controls such as pause, stop buttons, and play speed
adjustment.

3.3.3. Dynamic section

The development of the dynamic section is derived from the
programming techniques used in the section display and the time
series dynamic display tools. The dynamic section is implemented
by first specifying the temporal set of spatial profile blocks, and
then selecting a two points on the mapping window to create a line
along which the dynamic section is created. The system then ap-
plies the same data extraction and interpolation techniques for
creating section raster layer for each of the spatial profile block
in the temporal set. The execution of dynamic section is carried
out by adjusting the visibility of the section raster layers.

depth
di

pm

P2 P1  parameter

Fig. 12. Profile plot display tool.

selected line

raster depth layer

raster layer at

depth d1/ ...................

spatial profile raster block

" .
CYeuntte,, *
yet

spatial interpolation

point feature shapefile

Fig. 13. Section plot display tool.
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Fig. 14. Time series display tool.

4. Case study

An application for the PRE is presented to illustrate the func-
tionality of the GIS-model integrated system. The PRE is a
2000 km? triangular-shaped estuary located at the southern part
of China. The estuary receives freshwater from four major river
outlets, namely, Humen, Jiaomen, Honggilimen, Hengmen and
drains into the South China Sea. The rapidly growing economic
industrial development in the recent decades in the Pearl River
Delta (PRD) have lead to severe degradation of water quality in
the PRE system.

Fig. 15 provides a comprehensive overview on the model input
setup of the simulation, including water depth raster layer, ele-
ment sources, mesh grid configuration and boundary conditions
of tidal elevation. The water depth raster layer is generated from
interpolation of the model input bathymetry point data. The water
depth ranges from 0 to 72 m. The Identify Results dialog box shows
the information at element source number 1855. The inflows of
element source include flux, sediment concentration, salinity, floc
size, dissolved metal, and adsorbed metal at first and second stage.
The time series display shows the tidal elevations at boundary
node number 23. The model simulation was carried out for a
one-week wet season period from June 21 to 28, 1998.

Seloction Tooks Wndow Heb | Dsta Intepolite Modsl Rews EIA

5 @ Boment Sourco.
= B neventsouce

PEDE RO ME T | Gordemag v | L[ 7] SewomamcTmeseiss 0 4 O | secw | 2| # - o B e |

A set of model input text files were generated following the up-
date of model input. Model simulation was then carried out using
the model input text files. An initial “warm up” run was first
undertaken to establish steady state flow condition. Once steady
state flow condition was reached, element source concentrations
were then introduced into the system. The “warm up” run took
only about 20 min and the entire model simulation was approxi-
mately three hours. The model generated a set of model output
text files after the simulation is complete. The model output text
files were further converted to DBF files for efficient retrieval.

Fig. 16 shows the model mesh grid displayed in the GIS map-
ping window with a node (i.e. node number 1880) highlighted in
red, from which the tidal level is generated. June 24, 1998
12:00:00 pm corresponds to the time of ebbing tide at node num-
ber 1880. A point spatial layer of current velocity overlaying a ras-
ter of salinity for the surface layer is generated at this simulation
time as shown in Fig. 17. It can be seen that the direction of the
current corresponds well with the ebbing tide. The current is mov-
ing away from the coastal region towards the sea. The salinity is
represented by a graduated colour scale, with the lightest shade
for the lowest value (i.e. 0 ppt) and the darkest shade for the high-
est value (i.e. 35 ppt). The salinity is relatively low at the shore area
and increases gradually towards the open sea.

Loeniteresiiee |
Lapees: [ELEMENTSOURCE =

]
= 1855

N A A N A n
B AVAIAYATAYA AYA AV AT A
sl‘ v v v \ Vi |V v
e e =] = | [
- 1 .~ 1 . ;lﬂ
| 513855,35 838058.47 Meters

Fig. 15. Display of model input of element source and tidal level using the GIS-model integrated system.
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Fig. 17. Display of model outputs of current velocity and salinity for simulation time June 24, 1998 12:00:00 pm using the GIS-model integrated system.

5. Conclusions

A GIS is coupled with a complex three-dimensional hydrody-
namic sediment and heavy metal transport numerical model for
input viewing and editing, pre-processing, mesh grid configura-
tion, and result interpretation. The current GIS-model integrated
system marks its distinctiveness from other GIS-based hydrody-
namic/pollutant transport model with its ability to facilitate
three-dimensional, dynamic simulation.

The application of GIS interface in defining and interpreting
model input and output information tremendously improves the

understanding of the fate and transport of pollutants, and thus pro-
motes better decision-making in coastal environment manage-
ment. The system also enhances the usage of complex three-
dimensional hydrodynamic pollutant transport model through a
simple and easy-to-use graphic user interface. The user-friendli-
ness of this application thus reduces the time needed to compre-
hend the usage of the model particular for first-time users.
Furthermore, the displaying of model output in spatial and tempo-
ral context through the GIS mapping window and the additional
time series tool allows to reveal results that may be less obvious
without the application of these visualization techniques in tradi-
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tional analysis. Furthermore, this new visualization platform facil-
itates better communication of coastal water quality issues not
only among environmental and engineering professionals, but also
for the general public at large.
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