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ABSTRACT

Mangroves play a crucial role supporting life along the shoreline. However,
mangrove area is decreasing continuously due to urbanization and human activities.
This research aims to understand and predict by an effect of urban expansion on
mangrove.

A cellular automata model, a local effect model, was integrated with remote
sensing to keep track of land use change of Ban Laem district, Phetchaburi province
between 1994 and 2004. The model focuses on three categories of the land use i.e.,
existing mangrove, human community and activities, degraded or regenerated
mangrove area. A principle rule of cellular automata is that all the states can be
switched to another state by considering their surrounding environments, transition
rules of Moor’s neighborhood are applied to each cell (pixel) in each year. The results
of the prediction are compared to a maximum likelihood classification to test the
model.

Results of the study showed that the CA model produces an overall accuracy
of 91.07%. However, the category mangrove area only showed 42.98 % prediction
accuracy
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CHAPTER |
INTRODUCTION

1.1 Statement of the problem

A mangrove is one of the most important natural resources of the world. It
supports many lives living along coastal areas. Especially, we, human, gain both
ecological and economical advantages from mangroves. They have been utilized
widely as charcoal, construction wood, medicine, tannin and many of their by-
products. Moreover, mangrove helps maintain the shoreline by protecting it against
tidal waves and soil erosion, so that coastal dwellers can live safely. Not only humans
gain benefits from mangroves, but proximity aquatic animals also see mangroves as
abundant source of food, as well as, nurseries and shelters for their offspring.

Similar to any other forests, the mangrove forests in Thailand have been
decreased continuously. From the aerial photograph in 1961, the area of mangrove
forest was estimated to be 36,769 sq.km., and from Landsat TM data of 1996, there
are only 1,510 sg.km. Therefore during 35 years the mangrove forest has been
deteriorated about 2,004 sg.km. or about 55% (1).

The depletion of mangrove forests has been caused by the influence of
economic development. Many areas have been converted to shrimp farms, salt pans,
settlement areas. In other words, we may state that it has been caused by the invasion
of humans and human activities. Mohan (2) stated that mangrove deforestation in
Java, the most densely populated island in Indonesia, has been widespread in recent
years as revealed by satellite imagery. Change of land use and pressure on the living
resources have resulted in the disappearance of several areas of mangrove along the
coastline.

Lack of essential information such as mangrove area map, the restoration of
mangrove can not be done successfully. Of course, that information should contain
properties of good information; otherwise, they may not differ to worthless garbage.
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Computer models are likely to be the best solution to assess the dynamic of a
complex system such as, an ecological system, phenomena, etc. Often, they are used
to answer “what-if” question so that we can understand the tendency of what is
happening in the upcoming future. This will enable us to protect or solve problems
from any foreseen harm.

Like a mechanical machine in car, model itself can not work properly without
“algorithm”. Algorithm is a law of thought of those who explain the system.
Therefore, it may be varied subject to the characteristic of each system and explainer’s
will.

Cellular automata (CA) are one powerful kind of algorithm. Rietman (3)
mentioned that CA are discrete space-time model that can be used to model any
system in the universe and are actually a universe unto themselves. He also illustrated
that CA have been used to model biological system from the level of cell activity,
cluster of cell, and population of organisms. In chemistry, CA have been used to
model kinetics of molecular systems and crystal growth. In physics, they have been
used to study dynamical systems as diverse as interaction of particles and the
clustering of galaxies. In computer science, they have been used to model parallel
processing and von Neumann machines or self-reproducing machine. In
environmental study, they have been used to model dynamics of vegetation
populations, soil erosion, urban growth, traffic, or even avian influenza disease.

Even though, the model provides a versatile capability of prediction as
mentioned previously, it is not capable for a completely visual demonstration when
applied to real spaces of the real world. Fortunately, remote sensing and Geographic
Information System (GIS) exist.

It is widely accepted that recently GIS and remote sensing play crucial roles on
monitoring national resources. By taking pictures of the world from the space, they
can demonstrate spatial demography, notifying what is happening in the world in a
certain time. Thus the monitoring of land use changes is possible and reliable.

In this research, CA are applied to remote sensing, to follow up land use
changes focusing on changing of mangrove areas. For the temporal and spatial
validation, Ban Laem district in Phetchaburi province will be chosen as a study site.
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Hopefully, this study may be useful and helpful as basis knowledge for planners in

forest management.

1.2 Objective of the study

This main objective of this study is aiming on using CA model to study the

effects of urbanization on the change of mangrove areas.

1.3 Expected result

Upon the accomplishment of the study, a land use model using CA algorithm
in predicting land use changes of Ban Laem district, Phetchaburi province is

developed.

1.4 Scope of the study

1.4.1 Study design

Using CA algorithm incorporates with CA model to observe the land use
changes in Ban Laem district, Phetchaburi province during the period of ten year. In
this study, land use will be classified into three categories: mangrove, degraded or
regenerated mangrove, and community. After that, a result from the model will be
compared to the maximum likelihood classification to assess the correction.

For temporal study, two time periods of 1994 and 2004 have been selected to

assess the change of land use pattern.

1.4.2 Study site

Ban Laem district in Phetchaburi province is used as the study site (Figure
1.1). Ban Laem is located 12 kilometers on the northeast of Phetchaburi province. Ban
Laem has three important mangrove forests which are Laem Pak Bia forest, Paktale

national forest, and Ban Laem national forest.
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1.5 Conceptual Framework
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1.6 Operational definitions

Category is defined as land cover consisting of three types: mangrove
degraded or regenerated mangrove and community and is used in step of modeling.

Class is defined as a cluster of spectral producing the same interval of
reflectance, and is used in the step of image classification.

Community is defined as a colonized land by human activities, such as urban,
industries, agriculture, and settlement.

Degraded mangrove is defined as an invaded mangrove area. It was showed
by a red-green and violet color around the mangrove area in false color composite 453
(RGB) of Landsat.

Image is defined as an optically formed reproduction of an object acquired by
Landsat satellite.

Mangrove is defined as a closed canopy mangrove. It was shown by a red
color in false color composite 453 (RGB) of Landsat.

Regenerated mangrove is defined as a mangrove sapling. It was showed by a
red-green and violet color around the mangrove area in false color composite 453
(RGB) of Landsat.

State is defined as interested land type consisting of three types: mangrove
degraded or regenerated mangrove and community and is used in step of modeling. In

the study, state and category are synonymous.
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CHAPTER II
LITERATURE REVIEWS

2.1 Ban Laem district, Phetchaburi province

History and boundary

General background of Ban Laem district Phetchaburi province provided by
Provincial administration (4) was summarized as follows;

Historically, Ban Laem district was a coastal city on the west side of the Gulf
of Thailand. Its area is a cape extending in the sea. In the early Ratana Kosindra era,
Ban Laem is parted by Phetchaburi river into two, Kwang Chamnan on the east and,
Kwang Bhromsorn on the west.

Ban Laem district is the northeastern part of Phetchaburi province, about 11
kilometers far from the center of province. Its boundary is the followings:

North bounded by Mueang Phetchaburi district, and Amphawa district
of Samut Songkhram province

South bounded by Had Chao Samran, sub district of Mueang
Phetchaburi district

East bounded by the Gulf of Thailand

West bounded by Mueang Phetchaburi district and Khao Yoi district.

Geography

The area of the district is a plain especially the coastal plain. There are two
rivers passing the district i.e. Phetchaburi river and Bangtaboon river.

Weather and Climate

At Ban Laem district, there are three seasons which are dry season, rainy

season, and cold season. The temperature range is between 15-40 °C.
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Natural Resources

With the district area of 32-kilometer long coast, the main natural resources are
from the sea such as crabs, fishes, shrimps, shells, including salt.

Population

In 2004, Ban Laem district has its population of 56,605 with 27,668 males and
28,937 females. There are 13,624 households with the average family size of 4.7
persons per family.

Occupation

Most of people in Ban Laem district have occupations concerning with
agriculture such as orchards, fisheries, salt pans, shrimp farming and fish farming.
Non-agriculture occupations include carpentering, laboring, and working in the
factories.

However, the major land use of Ban Laem district is salt pan as shown in
Figure 2.1.

Income

An average income of population is about 30,000 baht per capita per year.
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2.2 Mangrove Forest

Mangroves are salt-tolerant ecosystems of tropical and subtropical intertidal
regions of the world (6). They are transitional complex ecosystem between the sea and
land. They are composed of aquatic and terrestrial flora and fauna. Due to their
specific environment with muddy and saline soil, only certain few tolerant species can
be found in this area e.g. Avilcennia marina, Rhizophora apiculata, Excoecria
agallocha (7). According to Saenger et al. (8), there are about 33 genera and 79
species of mangrove plant over the world including 22 genera and 62 species of trees,
6 genera and 10 species of shrubs, 3 genera and 3 species of palms, 1 genus and 3

species of ferns.
2.2.1 Environmental Factors of Mangrove Forest

Climate

The climatic parameters that control mangroves include light,
temperature, rainfall, and wind.

Macnae (9) and Du (10) stated that mangroves require high rate of
density of light to maintain their life. It received about 3000-3800 kilocalorie/m®. In
addition, Prachote (11) and Aksornkoae (12) found that planting mangroves in shaded
area, mangroves would grow slower than planting mangrove in unshaded area.

Temperature controls the photosynthesis and respiration process of
mangroves. Hutching (13) found that Avilcennia marina leaves sprouted at
temperature of 18-20° C and at higher temperatures new leaf production became
lower.

Rainfall affects the productivity of mangroves directly and indirectly.
Obviously, water plays a crucial role in photosynthesis of every plant. Nevertheless,
rainfall has an effect on salinity in the area. Aksornkoae (14) said that mangroves can
grow well when receiving annual rainfall between 1500-3000 mm.

Wind influences the rainfall by controlling the direction. Strong wind

might limit the growth of mangroves (14).
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Salinity

Salinity is one of the major environmental factors that influence the
development of mangrove forests. Smith et al. (15) stated that seedlings from high
salinity site exhibited faster growth than those from the low salinity site when treated
with low salinity water. Generally, mangroves always reside in estuaries with salinity
ranging between 10-30 ppt (9). However, several researches showed that many
mangrove species can be found in high saline water. For example, mangrove species
in Australia, Avicennia marina and Excoecria agallocha, can grow in area where
salinity is as high as 85 ppt. Avicennia officinalis can grow in area with maximum
salinity of 63 ppt, Rhizophora apiculata in 65 ppt. While, Xylocapus granatum cannot
grow if salinity excesses 34 ppt. and Bruguiera spp cannot grow if salinity excesses 37
ppt.

Tides

Odum et al. (16) said that tide is not a direct physiological requirement
for mangrove but plays an important indirect role in the transport of nutrients, export
accumulation of organic carbon and reduction of sulfur compounds. On the other
hands, tide can prevent soil salinity from reaching a high concentration and help in
dispersal of mangrove propagules.

Wave and current

Wave and current affect the mangrove distribution. They cause
oshoreline erosion. On the other hand, Aksornkoae (14) pointed out that they might
be a cause of estuary establishment as well. So, they may support or obstruct the
distribution of mangrove depending on the direction of wave and current. Aksornkoae
(14) also stated that wave and current can convey mangrove seed, especially
Rhizophracaea, to establish and grow in another area.

Dissolved oxygen (DO)

Aksornkoae (14) said that dissolved oxygen in the mangrove forest
always change dynamically due to a variation of fauna and flora activities. Normally,
the range of DO in mangroves forest area is about 3.8-7.8 ml /L (17, 18, 19). Change
of salinity also has an effect on DO.
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Soil

Mangrove species can be found on mud, sand, peat and coral soil, thus
indicating a wide tolerance for many of them. The soil of rivers and estuaries are
commonly grey to blue-black, evil-smelling, often very soft, water saturated mud. The
soil of coastal mangroves and those at very mouths of estuaries generally have more
sand admixed and the substrate are thus firmer. Where the seaward mud is soft, as
soon as it is colonized by mangroves the presence of the roots provides some degree
of firmness (20). Steenis (21) reported that Rhizophora mucronata could grow well in
muddy and relatively deep soils. While, Glendhil (22) stated that soil characteristics
limit the growth and distribution of plants in mangrove forests. He also found that
Avicennia marina and Bruguiera spp. could grow well in muddy sandy soil.

Nutrients

Mangrove communities, like many tidal wetlands, accumulate nutrients
such as nitrogen and phosphorus, as well as heavy metals and trace elements that are
deposited into estuarine waters from terrestrial sources (23).

Normally, concentration of dissolved nitrogen and phosphorus
measured in various, mangrove forests are low, with the um range (24, 25, 26), they
are highly dependent on the delivery of nutrients by river outflow and run-off or
drainage water from the adjacent mainland during heavy rain (26). Concentrations are

increased during the monsoons (27).

2.2.2 The Mangrove Deforestation

The main cause of the depletion of mangroves is the change of
mangrove forest to other land utilization as follows:

Human settlement

Human habitation in mangrove areas ranges from traditional human
settlements to large, industrialized cities. The latter often includes harbors, airports,
recreation centers, power plants, and residential developments (6).

Major cities (such as Bombay, Calcutta, Saigon, Jakarta and Manila)
with extremely high population densities are often located in the sheltered coastal

areas that offer ease of access, permanent supplies of fresh water, and rich fertile
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sediments. Even in small nations such as Fiji, major urban development has taken
place along coastal areas — usually mangrove reclaimed areas (6).

Nevertheless, the growth of urban may invade mangroves area. The
most spectacular decline of mangrove due to the land scarcity and increasing
population is shown in Hong Kong. Facing with rapid deconstruction, the genera
Rhizophora and Avicenia are already extinct in the territory (6).

Aquaculture

The economic marine or brackish animal farm, like shrimps, can do
only in specified site. They need to be located around the coastal area. So, many areas
are being converted to shrimp or fish pond. Hamilton and Snedakar (6) stated that one-
third of the approximately 30,000 ha of shrimp ponds in Ecuador are constructed in
the former mangrove forest areas. Similar to the situation in Thailand, Aksornkoae
(28) reported that the degradation of mangrove between 1985 and 1990 was mostly
due to establishment of shrimp ponds.

Agriculture

Even owing many unsuitable characteristics for vegetation growth
such as pasty mud, insufficiency of air, high salinity and direct effect of sea tide, the
change of land from mangroves to agriculture is still possible. For example
population pressure in Vietnam is the main reason for the change of mangroves
to agriculture. Without clear understanding of the characteristics and the
dynamics of the changing processes of the soil, people cannot use the land gainfully
for any other purpose. The land is quickly degenerated and after some years has to
be left fallow, leading farmers to clear other forest area. The nomadic life and
farming practices in coastal areas have thus become a big threat to mangrove areas
(29).

Salt pan

Salt production from sea brine has been practiced for a long time.
Climatic constraints on solar salt production require that such operations be
implemented in arid to semiarid coastal environments. A lot of villages in the
coastal area have specialized in salt production. They destroy the mangroves and
build dykes to form salt pans.
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2.2.3 Mangrove forest in Thailand

National Research Council of Thailand (7) reveals that mangrove
forests in Thailand are generally distributed along the coastline of 22 provinces at the
central east and the south of the country. From the study of the Landsat TM in 2003, it
was shown that mangrove area is about 2,452 sg.km. Mainly, it is distributed to the
South about 85.4%, while the rest is located at the East region and the central region,
and the northern of the gulf of Thailand, about 9.5% and 5.1% respectively (30).

CAMRODIA

Figure 2.2: Distribution of mangroves in Thailand
Source: Babier E, Sathirathai S (31)

2.3 Mathematical model

As an old classical and powerful tool, many attempts tried to describe what model
is. Pidd (32) combined many of definitions together and stated that “A model is an external
and explicit representation of part of reality as seen by the people who wish to use that
model to understand, to change, to manage and to control that part of reality”.

More specifically, it also has been known that model is a tool that helps to

explain a phenomenon or situation clearer and simpler. Charles et al. (33) summarized
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the benefits of model as understanding, assessing and optimizing. However, a model
has only important functional attribute of the real system, so it can not cover all
attribute. Otherwise, it would not be a model—it would be the real system. A model
can be applied in a number of ways such as hospitality, military, economics and so on.
Of course it can be applied to ecological studies as well.

The first simulation models for ecosystems were developed in the mid 1940s
by Gordon Riley for primary and secondary production of marine ecosystem (34).
Nowadays, there are many ecological models generated to answer the complicated
questions for serving educational purposes of humankind. It makes us understand a
particular ecological process, such as photosynthesis better. It also provides solutions

for managing natural resources such as the optimization model.

2.4 Cellular Automata (CA)

CA, alternatively called tessellation automata, cellular space, iterative
automata, are a discrete dynamical system. Space, time, and the states of the system
are discrete. Each point in a regular spatial lattice, called a cell, can have any one of a
finite number of states. The states of the cells in the lattice are updated according to a
local rule. That is, the state of a cell at a given time depends only on its own state one
time step previously, and the states of its nearby neighbors at the previous time step.
All cells on the lattice are updated synchronously. Thus the state of the entire lattice
advances in discrete time steps (35). They are mathematical models for systems in
which many simple components act together to produce complicated patterns of
behavior (36). They consist of four main components that are: array, state,

neighborhood and rules.

2.4.1 A brief history

CA have been studied as a part of the abstract theory of computation since
the time that John von Neumann became interested in the possibility of constructing self-
reproducing automatic factories. Since actual factories and physical machinery involve a

myriad of practical but non-essential details, he eventually followed a suggestion of
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Stanislaw Ulam that an abstract mathematical model would be more amenable to a
demonstration of the possibilities of universal construction and self reproduction. He
worked out a scheme for such an automaton, in terms of a cellular space occupying a two
dimensional grid, in which each cell would be found in one of twenty nine states (37).
However, CA is still invaluable until the arrival of “Game of life”.

Game of life was invented by mathematician John Conway in 1970 and
publicized by Martin Gardner in his "Mathematical Games™ column in Scientific
American. It is probably the first application that introduces the world what exactly
CA are Like Ulam's cellular spaces, the game of life is based on a grid constituted of
cells; a state of each cell can be either on (alive) or off (dead). The rules of Life are,
indeed, simple; if a live cell has two or three live neighbors, it stays alive. A dead cell
with exactly three live neighbors comes alive (is born). In all other cases the cell dies,
either of overcrowding (with more than three live neighbors) or loneliness (with less

than two). At each time step all cells update their states simultaneously.

2.4.2 Components of Cellular Automata

Lattice

Lattice plays a role as the virtual world of cells. It can be represented in
three different possibilities which are one, two, and three dimensions. However, only
one-dimension and two-dimension are normally used. For one-dimension automata,
lattice will be shown in form of linear array of cell. Meanwhile, two-dimension
automata have more varieties of forms such as triangular lattice, square lattice and

hexagonal lattice. The most popular is square lattice.

State

The state represents an appearance or status of individual cell in a
certain time. Each cell can be in one of a few predefined states. It is varied up to how
CA is applied to such as on-off, dead-alive, red, white-black, 0/1/2/3/4 etc.
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Neighborhoods
The neighborhood of cell may be many types depending on the number
of its adjacent cell. We may classify the neighborhood into two types which are: Von

Neumann neighborhood and Moor neighborhood.

- The Von Neumann neighborhood: the middle of cell is

influenced by all neighbors in the wind direction as shown in Figure 2.3.

_=

Figure 2.3 :Von Neuman neighborhood

Source: www.cs.vu.nl (38)

- The Moor neighborhood: is an enlargement of the Von

Neumann which the middle of cell is influenced by all neighbors even from diagonal

direction as shown in Figure 2.4

Figure 2.4: Moor neighborhood

Source: www.cs.vu.nl (38)

Rules

The most important part of CA is the transition rule or transition
function which determines the evolutions. Enforcing the rule in coordinating with
neighborhood affects the state in new generation directly. The following example
(Figure 2.5) depicts the rules and the result when rules are applied to the one-
dimension CA.

An example is whenever three consecutive white cell occurs, it will
produce a white cell in the next cycle, or two consecutive white and one black, it gives
black in the next cycle.
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(a) An example of CA’s rules

cali 2 3 4 5 6 7 & 9 10111213

tme = 1 EEEEEEIEEEEEE

tme = 2 EEEEEIIIEEEEE
tme =3 EEEEIEEEIEEEE
tme= 4 EEEIIIEIIIEEE
tme= 5 EEIEEEIEEEIEE

tme=6 EIIIEIIIEIIIE

me=7 MCCCHECCCHECCCE

(b) Result when applied CA’s rule

Figure 2.5: An example of rules and result of CA

Source: www.cs.vu.nl (38)

Rules in each CA model are varied because they are depending on the
objective of the model. Even the same objective, they still may differ, because they are
also subject to modeler’s imagination. However, there are some global rules which
can be grouped by their characteristics. These include the followings:

- Symmetric CA : Whenever two or more rules in CA produce
same resulting state, it is called symmetric CA.

- Legal CA : One rule that is a must when applying CA is when a
neighborhood consists solely of dead states, the resulting state of cell should also be 0.

- Totalistic CA : To determine the state of next time period, we
often ignore the configuration of state of the neighbors around the core cell, but

focusing on summation of the state of the neighbors instead.
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2.4.3 Edge effects
Often we run into the problem of an edge effect. That is we define the
rules for an arbitrary piece of array, but these may not be applicable for the few edge
cells. For instance, we might apply a rule using a cell of eight nearest neighbors.
However, a cell in the top left corner only has three. There are a number of solutions.
Some may either solve the problem by formulating a new set of rules for these special
situations or wrap the edges of the array so that it is a continuous array with no edges.

2.5 Remote sensing and GIS

2.5.1 Remote sensing

Lillesand et al. (39) define that the remote sensing is the science and art
of obtaining information about an object, area, or phenomenon through the analysis of
data acquired by a device that is not in contact with the object, area, or phenomenon
under the investigation. In many respects, remote sensing can be thought of as reading
process. Using various sensors, we remotely collect data that may be analyzed to
obtain information about the object, area, or phenomenon which are investigated.

Remote sensing is based on the fact that everything on the Earth above
0° Kelvin of absolute temperature generates electromagnetic energy. An object
reflects sunlight or emits its own internal energy according to its atomic and molecular
vibrations. Thus the radiation of an object serves as a signature for its identification.

Human beings gain the benefits from such a fact, so an earth resource
satellite was sent to monitor environmental changes and damages on the earth. The
most popular satellite is Landsat.

Present, Landsat has evolved to Landsat 7. Yupayong (40) stated that it
was launched into repetitive, circular, sun synchronous, near-polar orbits. They carried
both Multispectral Scanner (MSS) and an additional sensor called Thematic Mapper (TM)
with seven bands. Six bands have improved spatial (ground) resolution of 30 m. and Band
6 (thermal infrared) has a resolution of 120 m. They are designed to maintain fixed orbital
paths around the Earth, with each path covered in 16 days. At a standard altitude of about
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705 km., each orbit takes 98.9 minutes for completion, with equatorial crossing in the

north-to-south direction at 9.45 a.m. local mean solar time.

Thematic mapper data are available in seven narrow bands. Each of

which has difference specific object visibility. Figure 2.6 illustrates a reflectance

ability recorded by TM of each band (for more detail see Table 2.1).

Landsat-TM wavelength bands
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Figure 2.6: A reflectance ability recorded by Landsat TM

Source: www.npoc.nl (41)

Table 2.1 Thematic Mapper Spectral Band

Band
_ Spectral Feature and Applications

No | Description

1 Blue 0.45-0.52 Good water penetration, strong chlorophyll absorption. Mapping of
coastal water areas. Differentiation between soil and vegetation.

2 Green 0.52-0.60 Matches green reflectance peak of healthy vegetation; Sensing the
health of vegetation.

3 Red 0.63-0.69 Chlorophyll absorption band, very strong vegetation absorption.
Differentiation between plant species thanks to the chlorophyll
absorption assessment.

4 Near-IR 0.76-0.90 Complete absorption by water; High land/water contrast, very strong
vegetation reflectance. Survey water body delineation.

5 Near-middle 1.55-1.75 Very moisture sensitive. Differentiation between clouds and

infrared snow cover. Measurement of vegetation moisture and soil moisture;
Reflectance of most rock surfaces.

6 Thermal IR 10.40-12.50 Thermal imaging and mapping. Information on plant heat stress.
Thermal data on geologic information.

7 Middle 2.08-2.35 Good geological discrimination. Hydrothermal mapping. Rock type

Infrared discriminations (mineral and petroleum).

Source: Lillesand et al. (34)
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2.5.2 Geographic Information Systems (GIS)

A simple definition is that a GIS is an organized collection of computer
hardware, software, and geographic data designed to efficiently capture, store, update,
manipulate, analyze, and displays all forms of geographically referenced information.

GIS can store geographically referenced (cartographic or spatial) data in a
raster (grid or cellular-based) data structure or in an X, y coordinate reference-based
(vector) data structure as points, lines, and polygons. GIS makes use of a variety of
coordinate referencing systems to locate features on the earth relative to others; these
coordinate systems, in turn, make use of a variety of map projections to transform earth
references onto a two-dimensional surface (the map). The information pertaining to the
various spatial features (such as ownership, soil type, and vegetation for a land parcel) is
stored typically as attributes in tabular files linked to the feature, often in special database

management systems (42).

2.5.3 The relation between Remote Sensing and GIS

It is no doubt that both of them are very close related subject. the
interface between GIS and remote sensing can be envisaged in one of three different
ways:

- remote sensing can be used as a tool to gather data sets for use in
GIS;

- GIS data sets can be used as ancillary information to improve the
products derived from remote sensing and;

- Remote sensing data and GIS data can be used together for
modeling and analysis.

2.6 Related researches

Cheng and Messer (43) studied urban growth between 1949 and 1999 at

Wuhan, the largest mega city in central China, using CA. With the assistance of
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topographic maps of 1993 and SPOT Pan/Xs images of 2000, they found that land
cover change in the period of 1993-2000 was dominated by the strong spatial
agglomeration of a few large-scale projects, which was over 60 % of total changes. As
a consequence, the understanding of local growth process of each project is highly
crucial to that of whole study area. Zukou, car manufacturing center, the largest
project, is used as a case study for testing the methodology proposed. The influential
factors include distance to major roads, distance to minor roads, distance to center,
master planning, and physical constraints from water body. The cell size in this
research is 100. They founded that CA models generated the accuracy of 55 %.

Bandini and Pavesi (44) simulated the dynamics of vegetation populations.
The model was based on two-dimensional CA, whose cells, arranged on a square grid,
representing portions of a given area. Some resources (i.e. sunlight, water, substances
in the soil) existed on the area. A cell can host a tree, represented in the model by a set
of parameters defining its species, its size (that is, the size of its parts such as limbs,
trunk, and roots), the amount of each resource it needed to survive, to grow, and/or
reproduce itself (producing fruits). The model has been applied to the simulation of
populations consisting of robiniae (black locust), oak, and pine trees on the foothills of
the Italian Alps, with encouraging results reproducing real conditions.

Ambrosio et al. (45) developed a CA model for soil erosion by water. It
involved a larger number of states in comparison to the previous models, including
altitude, water depth, total head, vegetation density, infiltration, erosion, sediment
transport and deposition. The model was applied to the small catchment of the Fiu-
mara Armaconi, Calabria, Southern Italy. The simulations gave encouraging results,
even if field erosion data was needed for validation and future calibration and setting
of the CA parameter.

Situnkir (46) used CA computational model to analyze avian influenza disease
in Indonesia. Computational model is built and map-based simulation is performed
using several simplified data of such transportation through sea in Indonesia, and its
accordance with poultries in Indonesia. The result of simulation is showing the
spreading-rate of influenza in simple way and describing possible preventive action
through isolation of infected areas as a major step of preventing pandemic.
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Liu (47) incorporated fuzzy set and fuzzy logic control, cellular automaton
simulation and GIS to simulate the continuous process of urban development of
Sydney during 1971 to 1996. With the implementation of rules representing urban
natural growth, slope constraint, transportation support, terrain and coastal proximity
attraction and urban planning controls, the model generated an overall accuracy of
95.0% and a Kappa coefficient of 90.4% in 1996.

Chopard, Dupuisand and Luthi (48) presented a simple CA model of traffic in
urban environments of Geneva in which road junctions are implemented as rotaries.
They compared the numerical simulations with analytical results. The study also
provided the time needed for testing traveling time between two points. In this study,
the basic idea is to consider a set of adjacent cell representing the street along which a
car can move. The rule of motion is that a car jumps to its nearest neighbor cell, unless
this cell is already occupied by another car.

Galem (49) proposed a new way to describe alliance forming phenomena
among a set of countries by CA. Between each couple of countries, it exists a bond
exchange coupling which is zero, cooperative or conflicting. It depends on their
common history specific nature and can not be varied. The study was shown that
within a model the cold war stability was not the result of two opposite alliances but
rather the existence of alliances which neutralize the conflicting interactions within
allies.

Ganguly et al. (50) developed a high speed; low cost pattern classifier based on
the sparse network of CA. High quality of classification of patterns with or without
noise has been demonstrated through theoretical analysis supported with extensive
experimental result. The result proved beyond doubt that the scope of the machine
becomes really popular in industry in the near future.

Alves et al. (51) developed a stochastic CA model for showing the dynamic of
democratic voting processes. In the model, each voter updates his vote intention
according to distinct political strategies which depended on his own ideology (left,
center or right) and the social impact affecting him. A central result of this work is the
demonstration that electoral surveys play a major role in guiding opinion formation

and stabilizing.
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Bartolozzi and Thomas (52) introduced a stochastic CA model in order to
simulate the dynamics of the stock market. A direct percolation method is used to
create a hierarchy of clusters of active traders on a two dimensional grid. Active
traders are characterized by the decision to buy or sell a stock at a certain discrete time
step. The remaining cells are inactive. The trading dynamics is then determined by the
stochastic interaction between traders belonging to the same cluster. Most of the
stylized aspects of the financial market time series are reproduced by the model.

Bryan (53) used CA to model the progression of land clearance in the Lofty
Ranges mountain of South Australia based on a few simple rules such as the
probability of land clearance and the number of neighboring cells. The result of the
CA showed closely mimic the actual historical progression. The propagation of land
clearance as predicted by the CA sheds light on the time since isolation of remnant
habitat patches and hence, the advancement of species relaxation. This information
has implications for nature conservation and restoration.

Alarcon et al. (54) developed CA, whose rules capture some generic features
of tumor development, to study the influence of environmental conditions on the
evolution of a tissue containing normal and cancerous cells. The most important result
is that environmental in homogeneity restricts dramatically the ability of malignant
colonies to grow and invade healthy tissue.
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CHAPTER IlI
MATERIALS AND METHODS

3.1 Materials

In this study the following materials are required

3.1.1. Hardware

1. Notebook computer Dell D500
- CPU Intel Pentium 1.3 GHz
- RAM 512 Mb.
- Harddisk 20 Ghz.

2. Printer

3.1.2. Software

1. Microsoft Windows XP

2. ARCVIEW GIS 3.3

3. ERDAS IMAGIN 8.6

4. ARCGIS 9

5. Microsoft Visual Basic 6.0
6. Microsoft office 2003

3.1.3. Accessories

1. GPS Garmin etrex position accuracy 15 m.
2. Digital compact camera OLYMPUS CAMEDIA ¢-5000 zoom
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3.2 Study design

The study was broken down into five main procedures: data acquisition, image
processing, model pre-processing, modeling, and model post-processing. Each

procedure was contained detail of studies inside as shown in Figure 3.1.

Data acquistion

T™ 1994 TM 1999 images TM 2004 images
path/row : 129/051 || path/row : 129/051 || path/row : 129/051

Image processing
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Figure 3.1: The study design diagram
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3.3 Data acquisition

There were two categories of the secondary data in this study defined as:

spatial data and non-spatial data.

Spatial data in this study are as follows:

Landsat satellite image of study area taken 25/10/1994

Landsat satellite image of study area taken 09/02/1999

Landsat satellite image of study area taken 26/03/2004

An existing land use map of Phetchaburi of 1999

Political boundary of Phetchaburi province

Topographic map at the scale of 1:50,000 covered Ban Laem

district.

Non-spatial data are in descriptive format. They will help us understand and

familiar with study area. They were included some useful information such as,

climate, population, and any beneficial related information.

3.4 Image processing

An image processing of the study consists of the following step: image import,

image subsetting, geometric correction, image enhancement, image classification, and

image post analysis. Step of an image processing is shown in the Figure 3.2.

Satellite image of 1994/1999/2004
Path/Row : 129/051

Image import

Identification of training areas

J L | [ : 1
Image subsetting Spectral signature analysis
1T [ ] M
: . = _=
Geometric correction [ Image classification
— —
] |
N -
= = .
Image enhancement Image post analysis

Figure 3.2: Step of image processing
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3.4.1 Image import

The study areas were contained in the Landsat satellite of path 129 and
row 051. Initially, all the seven bands of the image were imported to the Viewer of the
ERDAS Imagine 8.6. However, an image acquired from the sensor of the Landsat
originally belongs in a black and white color image. So, they need to be enhanced a
visualization by using a band combination technique to produce false color
composition image which synthesize the colors from a primary color i.e. red, green,

and blue.

3.4.2 Image subsetting

According to the satellite image contains an area of the study site,
however, it is also composed of so many uninterested area. Hence, the operation of
subsetting was required to extract a selected area to focus only on Ban Laem district
and its vicinity area for obvious representation. Moreover an advantage of smaller size
of image was to promote a run-time operation. Image subsettings operated on the
DataPrep of the ERDAS imagine.

3.4.3 Geometric correction

For the reason that geometric correction is required because usually a
raw digital image contains geometric distortion from producing processes so
significant that they can not be used for processing.

Geometric correction was performed to register each pixel to real
world. The outstanding point such as junctions, river intersections, bridges from the
topographic map of Ban Laem district area were selected as referenced point for

registering new coordinate to the satellite image.
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3.4.4 Image enhancement

The image of the study contains a variety of land cover objects such as
vegetation water soil construction. Normally, each of which is separatable by the
wavelength reflectance. However in the study, image enhancement process was still
used to increase a difference. In other words, it is the process of altering the
appearance of an image so that it can provide more information. An operation was

done by the method called standard deviation enhancement from ERDAS Imagine.

3.4.5 Image classification

This study attempted to classify three land use categories, including:

- Mangrove

- Degraded or regenerated mangrove

- Community

The procedures of the classification consist of the identification of
training area, spectral signature analysis, and supervise classification as described
below:

1) Identification of training area

The aim of training was to obtain sets of spectral data displayed in a
varieties form of composite false color. The similar representative was selected
randomly to produce a homogeneous class. Each of which was represented same main
ground land cover.

2) Spectral signature analysis

After an unknown pixel was defined, the next step we find out the
meaning of each representation. The unknown areas were uncovered by the field
observation. They were also be revealed by studying from existing land used map.

3) Supervise classification

The supervised classification was performed by the method of
maximum likelihood. The objective of maximum likelihood is to delineate a given
pixel to the class that generated from the spectral signature analysis. The random re-

check by field observation convincing the correct classification.
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3.4.6 Image post analysis
The last step of image classification is image post analysis. It was
required to correct the classification manually. A mis-interpretation by the computer
was eliminated in this step. It also used to regroup a cluster to our interested

categories.

3.5 Model pre-processing

When thematic map was generated, it had to convert a format to grid. Grid size
was configured a resolution to 100 which means each single pixel of the image covers
100 x 100 m® Obviously, graphics or picture could not take any mathematical
operations. So, before inputting it to the Cellular Automata (CA) model, it then was
transformed to the ASCII format. All the conversion was operated on the Arc Toolbox
of the ArcGIS 9.

3.6 Modeling
When the step of image processing was done, a thematic map of 1994 was

generated. Then, it was used to predict the changes in the forthcoming ten years. This

simulation simulated by CA model as the following steps.

Define CA properties
1 L
Algorithm design
1
Coding
] |
Testing aﬂdebugging
- L
Verification
- =
Validation

Figure 3.3: Step of model development
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3.6.1 Defining CA properties

As mentioned earlier, the CA are involved four main properties. These
properties determine the results of the model. The mandatory properties of CA
include:

- Lattice such as dimension of the lattice, shape of cells.
- State

- Neighborhood

- Rule.

3.6.2 Algorithm design

Before coding the program, algorithm design is required to gathering
an idea of logical concept of the program structure. Generally, program is composed
of three sections. First, an input section is a part of program gathering a necessary
information for processing, it usually from a user input. Next, a processing section is a
part of program that generates result. It usually consists of an arithmetic operations,
iterations, or conditions. Finally, an output section is a part of program displaying
generated result.

3.6.3 Coding
The study was illustrated an algorithm by Microsoft Visual Basic 6.0.
3.6.4 Testing and debugging
Unfortunately, translation of our thought into computer language is not
easy as writing it to the paper. Some errors occur. So we fix it out until all the

syntaxes and semantics of the program was corrected due to the rules of Microsoft
Visual Basic 6.0.
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3.6.5 Verification

Verification was used to make sure that the model reacts as expected.
The result from the prediction was compared to the maximum likelihood classification
of 1999. In doing this, we assume that the maximum likelihood classification produce
a completely correct result. The comparison was done by using the overlay techniques
to compare differences between two sources to find out the accuracy of model.
Verification was also used in a sense of calibration to find the best accordance
between parameters of the model and the result of the maximum likelihood
classifications. The study was designed to finding both overall accuracy and mangrove
accuracy. An equation for verification was showed as follows:

% of accuracy ol =  Total correct area x 100
Total area

% of accuracy mangrove = (AmB) x 100
AuB

3.6.6 Validation

Similar to the verification that the result from prediction was compared
to the maximum likelihood classification of 2004, yet the aim is difference.
Verification consists of an objective test on how well the model output fit the data,
while validation was implemented for measuring mangroves area changes. Equations

for measuring correction are the same as mention in verification.
3.7 Model post-processing
Model post-processing was aimed for converting ASCII data back to the

spatial display of mangrove area. The predicted result from the model was converted
by the Arctoolbox of the ArcGIS 9.






Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inform. Manag. on Envi. and Resources) / 37

After image was rectified, its coordinate was set to the real world
coordinates. It was proved by lines from the topographic map overlay the satellite

image completely as shown in Figure 4.5.

Figure 4.5: Geometric corrected image showing a connection between line of image

and topographic map

4.1.4 Image enhancement

Before a classification, images were enhanced to display each
component clearer. Figure 4.6 shows enhanced image that is brighter than original
image. The standard deviation stretch was used in the study.

Original image Enhanced image

Figure 4.6: Comparison between original image and enhanced image
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4.1.5 Image classification

The delineation was operated on Landsat imageries dated 1994, 1999,
and 2004. Only the first classification, Landsat 1994, was used for preparing thematic
map to input to the model, while the rest were used for verification and validation

consequently (Figure 4.7).

Satellite image | Thematic
2004 Ba > map
2004

Thematic
—m= Classification map
1999

Satellite image
1999

ite i Thematic
Satellite image | L map N Ce| |u|ar
1994 —» 1994 >
RN Automata Verification

model

Figure 4.7: Image classification for different purposes

1) Identification of training area

There were roughly different seven clusters of the spectral classes. The
same appearances of colors indicate the same or nearly reflectance value (Digital
Number value: DN value). This cluster, termed as a class, was used to train the
remaining unknown pixels. Figure 4.8 shows a cluster of the training area, while

Figure 4.9 shows an average spectral reflectance of each band.

i Signature Editor {signature.sig)

File Edit Wiew Ewaluate Feature Classify Help

@ 0O +L++ 2L T WM |4 ¥ A

Class 8 || > Sianature Mame Calar Red Green Blue | Walue  Order | Count | Prob. P I H & FS
1| [ > P 0.662 0831 0835 17 43 123] 1.000 | [= [% |+
2 clazs 2 0710 0821 0878 7 56 46| 1000 |= [= [=
\\;_ 3 clazs 3 1.000 1.000 1.000 12 BE 10] 10000 [ [=
4 class 4 0.864 1.000 0,986 5 7 26| 10000 |5 = =
5 class 5 1.000 0.76E 0.865 10 7a 94| 1.000)% |5 = =
B class B 1.000 0.7 0.817 8 84 E5| 10000 |5 [= [
Fi class 7 1.000 0737 0829 i 90 T2 1.000 ) |5 = =

Figure 4.8: Clusters of the training area
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Figure 4.14: Unclassified Landsat image of Ban Laem district, Phetchaburi province in 1999
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Figure 4.15: Classified image of Ban Laem district, Phetchaburi province in 1999
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Figure 4.16: Unclassified Landsat image of Ban Laem district, Phetchaburi province in 2004
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Figure 4.17: Classified image of Ban Laem district, Phetchaburi province in 2004
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4.2 Model pre-processing

Graphic data were transformed to ASCII format for supporting of calculation
in a model. After conversion, mangrove was represented by “1”, regenerated or
degraded mangrove was represented by “2” and community was represented by “3”.
Nevertheless, before a transformation process images had to be readjusted a resolution
from 30 to 100 due to computer performance limitation. An example of Ascii data was

shown in Figure 4.18.

B rastert 100941  Notepad

File Edit Format Wiew Help

ncols 273 I ~
nrows 327

«llcamer  594752.25219331

yilcorner  1437462.8757703

cellsize 100

MNODATA walue -9939

T333711331133333311111331333133333333333333311113111331337113333111333333333
333IFVTIZNT3333313111133133223313331133333331113111112211333333113333333333
3333T333331333331133131111213313311131133331331111121113333322213333333333
3333TT33331133331133111121113111311131333331311211211333333121233333333333
313311111133 133311 311111111 33331111131333333332221111333333332333333333333
1211113113111 1331133331211223331311112223333333322133333333333333333333333
1222123111111 133331 11111222213 113311332313333333323333333333333333333333133
3122121113221 113331 1111313131 1311333331113333333323331333333333333333333133
332211 3ITI322111111 333133331111 1111333211 33333333333211333333333333333333133
FIZVIFFITIF22111113333333331 11111111333 3333333313333281333333333333333333333
33FIIVIIIZIINIINII3IT 33333321321 1113323333333333333333333313333333333333333
T1T1113333331113333133333321331 1111322111 2233133333333337113333333333333333
T331333333331113333313333 11111 11111133111 113133333333333311333333333333333
33123333333333113313133333333313113133111133333333333333333333333333333333
33T21131333333311111133333331113111111331133313333333333333333333333333333
331222222133333333331333333 111113111111 11111311133333333333333333333333333
317T11112223333333333371122131171113371111111313313323333333333333333333333333
3171711 12233333333333331223311133332233331333333222333331333333333333333333

312137111213333333333332223111333333331133333333323333333333333333333333333
33333333333333333333112321313333333133133333333313333333333333333333333333
33333333333333333311312211133333311333133333333333333333333333333333333333
333333333335333333113322335335313333333333331133333333333333335333333333133334

< >

Figure 4.18: ASCII data for inputting to the model

4.3 Modeling

The model which used for predicting mangrove area changes in the study was
Cellular Automata (CA). The result of each step of modeling was described as

follows.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inform. Manag. on Envi. and Resources) / 49

4.3.1 Defining CA properties

Lattice: 2-dimension square lattice was selected, due to their format
being exactly the same as that is compatible with the raster image.
State: Each cell (pixel) represents a specific state of land use at a time.
All possibilities include the followings:
- Mangrove
- Degraded or regenerated mangrove
- Community
- Miscellaneous
A state of miscellaneous was added for the purpose of semantic
meaning of the model while programming though we are interested in only three states
as mentioned earlier.
Neighborhood: To reach high accuracy, Moor’s Neighborhoods were
chosen to implement in the model.
Rules: Before rules were set, system analysis using the transition

diagram was used to describe a state change of the model as shown in Figure 4.19.

Yy ) OO
=

Degenerated/
Misscellaneous
Figure 4.19: State transition diagram
The rules for enforcing changes of the system was “ mangrove is still

regenerated
mangrove

alive in the next time step whenever there is at least one mangrove area nearby, and

community do not encapsulate that area”. Rules are shown in Table 4.2.
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Table 4.2: Cellular automata rules

State of cell t Neighborhood State of cell 1
Mangrove >= 1 And Community < 8 State 1

State 1/ State 2 Mangrove <1 And Community <8 State 2
Other cases State 3

State 3 - State 3

State 4 - State 4

Where; State 1 = Mangrove
State 2 = Degraded or regenerated mangrove
State 3 = Community
State 4 = Miscellaneous

4.3.2 Algorithm design

First of all user who used the model have to input a number of year that
they want to predict a land use change. Next, all variables are set for initial value.
After that, an ASCII data from file will be read into a model and stored into a two
dimension array, called processing array, because every operation will be taken place
here. To begin an operation, the pointer for starting position will be pointed into the
first address of processing array (cell (0,0)), then this pointer will be increased one by
one by “For Loop” until it reaches the last address. During a process of increment,
function related to neighborhood checking will be called to inspect a status of cell and
its neighborhood then updating it via the rule.

When all subscripts of array are processed according to CA principles,
the result will be recorded into another array; called result array. After that, checking
for ending, if it is not yet, then all data in the result array will be copied back into the
process array. The cycle is finished, when desired year of prediction is reached.

The final step is generating a graph for visualizing the changes and,
prompting box for user to export ASCII data into a new file for building a new land

use map. The flow diagram of an algorithm is shown in figure 4.20.
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Figure 4.20: Flow diagram of an algorithm for programming
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4.3.3 Model interface

Mangrove area changes were developed through the model. When

started, an appearance as in Figure 4.21 was shown.

Help  About model

Cell amount  so so %
angiove

. Commurity

. Degraded!

regenerated mangrove

‘oot

Figure 4.21: Interface of the model

The model contains the following components.
- Help provides assistance to users by describing a step of using the
model.
- About model provides basic knowledges of CA. It also describes a
specific detail of the model such as rules, type of neighborhood.
- Input boxes require filling in some necessary information from user
such as input file, number of year for prediction.
- Graph is a section that provides graphic format for viewing changes in
each year. It also illustrates change in form of number of cell in each category.
- Output is a section that is used for exporting an output from prediction

for preparing display in graphic format.
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4.3.4 Verification

Before suitable rules were found, they were tested for an effect of
urbanization to the mangroves area. The number of neighbor cells which contained a
community states were adjusted until they provided the closest result to the result of
the maximum likelihood classification of the year 1999. We started to set a rules as

follows.

Mangrove can survive in the next time step, when Mangrove >= X

Community <Y .

We also assumed that in reality if a proximity area can grow a
mangrove, the area of interest is suitable to grow mangrove as well. The model was
set up to require one mangrove cell (X). Another factor is community (Y) which
determines the effect of the urbanization to the mangrove. It was measured by
comparing the result obtained to the maximum likelihood which produces the

following results.

Table 4.3: Testing of effect of urbanization on mangrove

Y % of overall accuracy % of mangrove accuracy
8 91.95 54.38

7 91.54 51.50

6 91.11 48.26

5 91.01 47.05

4 87.51 17.95

3 86.48 8.68

2 86.06 4.45

1 85.71 0

Surprisingly, the study showed that the effect of urbanization on
mangrove deforestation was not much as we expected early, however the more
community cell produced higher percentage of correction. Hence, the variable of Y
was eight as stating in the rules. A prediction of mangrove area of 1999 is shown in

Figure 4.22, while the map of verification is shown in Figure 4.23.
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Figure 4.22: Thematic map represented result of CA model prediction showing Ban
Laem district, Phetchaburi province in 1999
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Figure 4.23: Result of verification showing map indicating correct and incorrect area

of prediction in 1999
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4.3.5 Validation

Results of predicting from the model showed a fluctuation of each cell
category in each year as showed in Table 4.4. Overall accuracy of the prediction was
91.07 % and the percentage of the mangrove correction was 42.98 %.

State of the mangrove area is increased dramatically until the forth
year. It is however stable fluctuate in the fifth year as shown in Figure 4.24.

State of the degraded or regenerated mangrove area is a temporary
state, so it is decreased dramatically implying that it is converted to other state as
fhown in Figure 4.25.

State of the community is increased in the first year, after that it

reaches stability in the third year.

Table 4.4: Fluctuation of each cell category from the model prediction

Year No. of mangrove No. of Degraded/ Regenerated No. of community
cell mangrove cell cell
1 2653 475 53816
2 2739 384 53821
3 2741 381 53822
4 2768 354 53822
5 2757 365 53822
6 2773 349 53822
7 2761 361 53822
8 2773 349 53822
9 2761 361 53822
10 2773 349 53822
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Figure 4.24: Change of mangrove during 10 years from the prediction
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Figure 4.25: Change of degraded/regenerated mangrove during 10 years from the
prediction
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Figure 4.26: Change of community during 10 years from the prediction

During 1994-2004, land use of Ban Laem district, Phetchaburi
province, concentrated on three categories: mangrove, degraded or regenerated
mangrove and community, was changed dynamically according to CA principle. The
CA model generates result of the land use change as shown in Figure 4.27.

To measure a success of the model, thematic map of 2004 obtained
from the CA model prediction was compared to the maximum likelihood classification
in 2004 by mean of an overlay method. The result of the measurement is shown in
Figure 4.28.
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Figure 4.27: Thematic Map represented result of CA model prediction showing Ban

Laem district, Phetchaburi province in 2004
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Figure 4.28: Result of verification showing map indicating correct and incorrect area
of prediction in 2004
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4.4 Discussion

As shown in the study about the model accuracy, the following

discussions are made to illustrate the possible causes.

4.4.1 Dynamic change of study area

Ban Laem district is located along a coast of the Gulf of Thailand
(Aow-Thai gulf), that always encounters with phenomena that impact on both shape
and size of the area. They are shoreline erosion and shoreline deposition.

Shoreline erosion is natural phenomena that happen normally in a
coastal area. Land is always eroded by wind and wave. However, a satellite image and
field observation has shown that an erosion of Ban laem district occures severely. In
addition, Rungrudee and Saravanee (2001) reported that the rate of erosional coast of
Ban Paktale to Ban Rong Yai between was 1967-2001 is 9.82 m/year.

Shoreline deposition is a phenomenon that sediment from the upper
land is carried away to an alluvial through the canal or river. Also, it may be carried
away from an erode area. Similarly the rate of shoreline deposition of Ban Laem
district is relatively high. Rungrudee and Saravanee (55) reported the rate of
depositional coast of Ban Laem at Ban Paktale to Ban Rong Yai between 1967 and
2001 was 17.9 m/year.

In the study, shoreline erosion and shoreline deposition affect the
model in verification and validation. Due to the method requires an operation of
overlay, an area of each one needs to be equal; otherwise the result provides no
meaning. So, the area of each year in the study was fixed constantly since the first year of
1994,

4.4.2 Correctness of thematic map
In the study, remote sensing was mainly used for acquiring data to

simulate the model. According that the method does not gather data directly, but

reflecting wave is used to represent the object instead. So, there is a chance of
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misinterpreting such as mangrove and degraded or regenerated mangrove. Moreover
there are some uncontrolled factors that influence an interpretation such as seasons
and tide.

In addition, geographical coordinate is another concern that affects the
precision of the model. According to the step of verification and validation, each
satellite image needs rectification of exact coordinate in each single pixel. This is
almost impossible when considering a Landsat satellite image that contains 30 m in
each pixel; a tiny millimeters error of each pixel may become a large error when

considering area in reality.

4.4.3 Limiting of cell size

Even though the pixel size of the Landsat satellite image is 30 m, the
effective pixel size in a developed model, CA, is only 100 m. A higher resolution i.e.
30 m was also carried out in the study, but it was found that model can not operate.

The reduction of resolution is also distorted a classification.

4.4.4 Unit of time in the model

The model assumed that it takes a year for changing one state to
another. So the time step of each cycle is 1, 2, 3...year and so on. In reality, there is no
prove that mangrove areas are changed annually, it may take shorter time i.e. three
months, or six months or longer time i.e. three years or five years to notice a change.

4.4.5 Controlling of an error in image interpretation

Any image that is used in image processing should have the same
condition for eliminating an error in interpretation. Each of which should be an image
that is taken in the same period of time, at least the same season. In addition, a tide

factor should also be essential.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Inform. Manag. on Envi. and Resources) / 63

4.4.6 Omitting law factor

In the study, each state of the model operates freely due to CA rules. In
the reality, there are also other rules which affect changes when dealing with human
community. There are laws.

The study has not included law to the model. Therefore, some changes
did not happen as stating in the model such as protection of mangrove areas in

national park.



