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ABSTRACT

This study aims to apply Geo-Informatics integrated with CA_Markov and regression
models to classify land use pattern, land use changes from 1990 to 2005 and predict land use
change for the next 10 years in Nan province.

It was found that land use change from the year 1990 to 2005 was categorized by a
high reduction of mixed deciduous forests and high increase of field crops or upland crops.
Meanwhile, the land use prediction through of CA_Markov and Regression Models for the
year 2010 indicated changes in the same direction as the changes from the year 1990 to 2005.
The accuracy of land use prediction using CA_Markov was manipulated based upon the land
use classification in 2005. It showed an accuracy of 82.12% (Kappa Index 0.78%). The
comparison of land use prediction using CA Markov and Regression Models indicated the
overall similarity as 89.81% (Kappa Index of 0.87%). The land use maps classified in the year
1990, 2000, 2005, and 2010 were then compared with the land suitability maps done by the
Land Development Department. It was found that economic crops mostly grown in Nan
province including paddy fields, and perennial or fruits trees were cultivated within the
moderately suitable area. Meanwhile, field crops or upland crops have been cultivated within
the non suitable area.

KEY WORDS : LAND USE CHANGE/ CELLULAR AUTOMATA/ MARKOV/
REGRESSION/ NAN PROVINCE
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CHAPTER |
INTRODUCTION

1.1 Background Justification

Rapid increasing in the number of population and national
development has contributed to huge expansion in agriculture, industry, commercial
and trading, transportation, and services. At the same time, it has created severe
impacts to natural resources and environment due to over natural resources utilization
for the development. Besides, lack of proper management plan for development, land
resources have been utilized for economic return benefit gaining rather than taken
their potential’s importance as natural resources according to the principles of soil and
water conservation. Therefore, land deterioration and environmental problems such as
flash flooded, sudden landslide during rainfall, severe drought during the dry season
and etc. have been obviously happened. These impacts has created huge losses in
human’s assets, agricultural productions, cattle system, as well as effecting people’s
ways of life, economic system and national development as a whole. Furthermore,
land use changing also reflects to the change in carbon dioxide which is the main
cause for green house effect phenomena and also global temperatures rising.
Therefore, in order to illuviate such problems, land use must be properly planned and
managed. To achieve such measurement current status of land use information and
trend prediction towards land use in the future should be studied in order to gain the
important baseline data for effective land use planning. However, theories and
principles of changes and tendency for land use prediction are widely available, but
they have never been compared to reveal their differences and accuracies. Therefore,
this study was designed to emphasized using the Markov, Cellular Automata models
and Regression equation to assess and predict changing of land use of Nan province
which recorded of rapid decrease of forest areas and has diversified land use.

Differences and possibility for actual implementation for land use analysis in Nan
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province by applying such mentioned models were analyzed and compared the results
to obtain data to support the effective land use management in the future.
Furthermore, it has been expected to be another way to decrease environmental

problem.
1.2 Objectives

1.2.1 To identify land use patterns and change in Nan province.
1.2.2 To compare land use change prediction using Markov, Cellular

Automata and Regression models.

1.3 Conceptual Framework

Land suitability ]

Comparlson

<
Satellite image Overla; Land use
Image Land use |:'> ay =)
[ (Landsat-5 TM) }':> proces%ing technique
Ca_ Markov Regression
model model

Comparison
[ Predicted land use Predicted land use }

(Ca_Markov model) N— (Regression model)

Figure 1.1 Conceptual framework diagram.

1.4 Scope and Limitations of the Study

1.4.1 Scope of the study

- Land use patterns for the year1990, 2000, and 2005 were mapped by the use of
Landsat-5 TM and identified 13 land use patterns as: (1) Paddy Field, (2) Field Crop or
Upland Crop, (3) Perennial, Fruit Tree, (4) Disturbed Forest, (5) Dry Evergreen Forest, (6)
Hill Evergreen Forest, (7) Tropical Pine Forest, (8) Mixed Deciduous Forest, (9)
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Dipterocarp Forest, (10) Forest Plantation, (11) Surface Water, (12) Man Made
Construction and (13) Miscellaneous.

- Land use changes prediction in Nan Province used Markov, Cellular Automata
and Regression models.

1.4.2 Study area

Nan province is the study area which is located in the north of Thailand. The area is

covered with 12,163.01 square kilometers where consists of 14 districts and 1 sub-district.
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Figure 1.2 Study area in Nan province.
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1.5 Expected Results

1.5.1 To determine the rate and trend of land use change in Nan province.
1.5.2. To fine the difference of prediction models related to land use change of Nan

province.

1.5.3 To draft information guidances or directions to resolve any problem and
land management in Nan province.
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CHAPTER Il
LITERATURE REVIEWS

The content of this chapter has reviewed of secondary documents concerning:
with Land use and Land cover, Geo-Informatics, Landsat Satellite, Mathematical

model, Accuracy assessment, Study area, and Related researches.

2.1 Land use and land cover

Land cover is defined as the layer of soils and biomass, including natural
vegetation, crops and human structures that cover the land surface. Land use refers to the
purposes for which humans exploit the land cover (Fresco, 1994). Land cover change is
the complete replacement of one cover type by another, while land-use changes also
include the modification of land-cover types, e.g., intensification of agricultural use,
without changing its overall classification (Turner Il ez al., 1993).

2.1.1 The change of land use.

Generally, the pattern change of land use from forest to other activities such as
agriculture, urbanization, or water bodies caused by the population growth, the needs of
land for planting and housing grew up. Forest was changed to agriculture lands and cities.

The pattern of using land could be classified by the consideration about current
use of soil, geographical position urbanization, the height of lands, condition of soil, and

social and economic condition could be classified as followings (Niyomthai, 1999).

1. Urban and built-up land consist of living places, trading places, industrial place,
industrial places, communication, and other governmental places.

2. Agricultural land consist of land for annual crops, and land for permanent
crops, such as vegetables, orchards, upland crops, rice fields, livestock, and shifting
cultivation.

3. Forest land consist of general forest lands which could be divided as bamboo

forest, natural forest and grassland.
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4. Water bodies consist of rivers, brooks, ponds, wells, lake and built-up water
sources.

5. Idle land are the land without any plants.

2.1.2 The causes of land use change.

It found out that the change of land use pattern was mainly caused by the growth
of population, houses, agricultural, occupation and size of family respectively. The
amount of population in labouring age hardly affects the change of form of land use.

It could be said that the mount of population mainly affected on the change of
land use pattern, while the change could be affected by various factors as followings:

1. The increasing of population and the expansion of urban including with other
activity, the need of land for agriculture is increased.

2. The expansion of agriculture land without appropriate control. Forest land is
invaded, because of motivation in doing agriculture especially sugarcanes planting and
corn planting.

3. The governmental development plan. The construction for development like
the construction of roads and dams in rural area affects the change of form of land use.

4. The governmental policy and high-education of farmer cause the change of
land use pattern to an area of cultivation resulted by governmental policy and private
market. The total development of agriculture section is the convenience in transportation
and transformation of products including with the forming of government offices for
supporting those economic areas such as the areas of monioc planting, sugarcane planting

and corn planting with factories sited in the areas (Niyomthai, 1999).

2.2 Geo-Informatics

The geo-informatics are included remote sensing (RS), geographic information
system (GIS), and global positioning system (GPS). They are defined as multi-
disciplinary science of geo-informatics to measure, record, process, analyze, represent,

and visualize geo-spatial data (Myint, 1998).
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2.2.1 Remote Sensing (RS)

2.2.1.1 Definition

Lillesand T.M and Kieffer R.W defined Remote Sensing as both science
and art of obtaining information about object about, area or phenomenon through the
analysis of data acquired by a device hat is not in physical contact with the object, area or
phenomenon under investigation (Lillesand T.M and Kieffer R. W, 1993).

2.2.1.2 Remote Sensing Techniques

Basic concept of remote sensing focus on the facts that everything on the
Earth above 0 Kelvin generates electromagnetic energy. An object reflects, absorbs
sunlight or emits its own internal energy according to its atomic and molecular vibration.
Human eyes are restricted to see only visible reflected light (wavelength between 0.4-0.7
um.). Remote sensing uses sophisticated equipment to record invisible light such as
infrared, thermal infrared and microwave radiation.

Remote sensing system may be classified into two systems, active and
passive system (Rees W.G, 1990)

- Active systems illuminate the object of study with their own supplied
radiation. An active system may be technically infeasible if the amount of power, which
has to be radiated in order to obtain a measurable, reflected signal is too great.

- Passive systems sense naturally occurring (emitted thermal or reflected
solar) radiation.

2.2.1.3 Image Interpretation

Image interpretation is the extraction of qualitative and quantitative
information in the form of map about the shape, location, structure, function, quality,
condition and relationship between objects and etc., by using human knowledge or
experience. Murai S. et al. (1992) divided image interpretation into 3 types as following;

- Image reading is an element from of image interpretation. It corresponds
to simple identification of objects using such elements as shape, size, pattern, tone,
texture, color, shadow and other associated relationships. Image reading is usually
implemented with interpretation with interpretation keys with respect to each object.

- Image measurement is the extraction of physical quantities, such as
length, location height, density, temperature and so on, by using reference data or

calibration data deductively or inductively.
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- Image analysis is the understanding of the relationship between
interpretation information and the actual status or phenomenon, and to evaluate the
situation. Information extracted will be finally represented in the map form called an
interpretation map or a thematic map. Visual interpretation of digital imagery provided by
remote sensing platforms does not allow for full exploitation of the data provided.

2.2.1.4 Digital Image Processing

Digital image processing is a numerical representation of pictorial
information and essential for interpreting the data accurately. These procedures may be
categorized into one (or more) of the following five board types of computer assisted
operation (Lillesand and Kieffer, 1993);

(1) Image rectification and restoration. These operations aim to correct
distorted or degraded image data to create a more faithful representation of original scene.
This typically involves the initial processing of raw image data to correct for geometric
distortions (geometric corrections), to calibrate the data rediometrically (radiometric
corrections), and to eliminate noise present in the data (noise corrections).

(2) Image enhancement. These procedures are applied to image data in
order to move effectively display or record the data for subsequent visual interpretation.
The objective is to create “new” image from the original image data in order to increase
the amount of information that can be visually interpreted from data. Three techniques
can be categorized as contrast manipulation, spatial feature manipulation, and multi-
image manipulation.

(3) Image classification. The objective is to replace visual analysis of the
image data with quantitative techniques for automating the identification of features in a
scene. This involves the analysis of multispectral image data and the application of
statistically based decision rules for determining the land cover identifies of each pixel in
an image.

(4) Data merging and GIS integration. These are used to combine image
data for a given geographic area with other geographically referenced data sets for the
same area. Frequently, the intent of data merging is to combine remotely sensed data with
other dates by the same sensor or by other remote sensing systems.

(5) Biophysical modeling. The objective is to relate quantitatively the

digital data recorded by a remote sensing system to biophysical features and phenomena
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measured on the ground. The intent of these operations in to simulate the functioning of
environmental systems in a spatially explicit manner and to predict their behavior under
altered conditions.
2.2.2. Geographic Information System (GIS)
2.2.2.1 Introduction
The demand for the storage, display and analysis of complex and
voluminous environmental data has led, in recent years, to the use of computers for data
handling and the creation of sophisticated information system. Effective use of large
spatial volumes is dependent upon the existence of efficient system the can transform
these data into usable information. Geographic information system (GIS) a new
technology, are becoming essential tools for analyzing and graphically transferring
knowledge about the world. Burrough (1986) defined a GIS as “a powerful set of tools
for collecting, storing, retrieving as well, transforming and displaying spatial data form
the real world for a particular set of purposes”. GIS’s are changing spatial data collection
procedures and analytical processes. They are used to assist decision-makers by
indicating various alternatives in development and conservation planning and modeling
the potential outcomes of a series of scenarios.
GIS’s are rapidly becoming a standard tool for management of resource.
At present it is difficult to think of a resource planning or mapping agency without a
geographic information system or contemplating the implementation of such a system.
Typical GIS application can be grouped into the following:
- Automatic cartography
- Utility facility mapping and management
- Land use planning and management
- Environmental impact studies
- Natural resource mapping and management
- Vehicle routing and scheduling
On the other hand, GIS is a technology of analyzing combination of
spatial in formation and attributes, and generating graphical or statistical outputs for
natural resource planning, management and environmental conservation. The powerful

GIS features deal with topographical analysis, that is the ability to query and object. A
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GIS can represent an intermediate simulation model and establish a truly integrated
spatial information system to produce final map.

2.2.2.2 Process of Analysis

A GIS system is designed for specific task to permit and user to input,
store, retrieve and analyze the data for decision-making process. The data will be stored
in a relational database with the spatial information. These features provide GIS user with
the capability to store data in many layers and analyze all available information. The
analysis can be performed by 2 approaches as follows.

- Manual approach is involved with analysis of data using overlay
techniques. Data would be transferred into the form of transparency map and overlayed
layer by layer. However, this method is limited by the amount of layers that depend on
the allowance of eye-interpretation.

- Computer assisted approach can convert the spatial information (i.e.
map, attributes and analog) to digital values, and overlay these data by using
mathematical and logical analyzing procedure.

2.2.2.3 Components of GIS Database

A basic GIS database contains two primary component: spatial and
attribute information.

(1) Spatial Information

Spatial information describes phenomena existing at a certain
location as well as physical dimensions such as size or some types of classification. They
are information relating to a discrete place on the earth’s surface or georeferenced
information. Hasting (1990) explains that spatial information is usually represented on
maps as one of three types of spatial primitive: point, arc (line) or polygon.

Points are used to represent the location of geographic phenomena
at a point or where a line or area feature is too small to represent at the map scale, for
examples, groundwater wells, point pollution sources, mountain peaks, or cities on a
small scale map.

Arcs or line are an ordered set or string of points and are used to
represent features that are too small to be shown as polygon (such as roads or streams)

which have no real width (such as political boundaries or contour lines on a topographic

map).
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Polygons are areas or regions enclosed by arcs. Forests, soils for

an island in the middle of the lake are examples of polygon features.
(2) Attribute Information

Attribute information is an object’s description which may be
graphical, such as a symbol, point, line or polygon, or it could be test describing specific
nature of an object, i.e. number of inhabitants, production volume, density of population.
The attribute data is stored in a relational database, with the spatial information kept in a
standard hierarchical database.

2.2.2.4 Process of GIS Database

GIS comprises sophisticated computer software, but they all contain the
following major components. The essential processing procedures within GIS database
include:

(1) Data Input and Data Structure

Data input subsystem which collects and processes spatial data is
derived from thematic maps, remote sensing, and aerial photographs through computer
terminal, VDU, digitizer or scanner, etc. all data are stored in collection of grid cells
registered to basemap. The data input or data structure of a GIS database is the first
important step to be designed. A GIS system deals with a combination of vector, raster
and quadtree data structure.

- Vector data structure is defined by Hasting as physical quantity
having magnitude and scale or the directed line segment representing such a quantity,
including location. More simply put a vector is a bit of information going someplace. It
has a direction and a length, it is not fixed. (Hasting P. et al, 1990)

Building a spatial database involves with three types of spatial
entities on map: points, line and polygons. Points describe shape, position at certain may
scale, such as houses and villages. Lines or arcs show the direction or actual flow, chain
or string, connectivity network such as streams, roads and utilities lines. Polygon type
entities are such as soils, land uses, and forest stands, which represent the boundaries of
each closed area in a specified coordinate system.

The spatial entities are automated to computer compatible from
through a process celled digitization. The digitization can convert this tracing into a string

or set of X, Y points of map-base coordinates.
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- Raster data structure can be considered as grid data, or pixel or
fixed size cells having digital values, covering a certain area, provided by satellite images,
images, scanned maps and digital terrain modeling. The raster data model and analyzing
process comprise 3 compression mechanisms: (1) chain codes are operating the raster
data information into the sequence of cardinal direction of grid cells, (2) run-length codes
are one of the data compression techniques used by grid which is adapted according to
optimum compression: cell by cell, (3) block codes are comprised to record the raster
information to manually convert from a regular grid on the sketch amp and assign a class
to each the covers the majority of the cell.

- Quadtree data structure is like the compressed raster data
recorded into grid cells. Each of grid cells can be divided into small pieces of cells. It is
only a minor component of the total cell area. Its separation is 2" x 2", where nis 1, 2, 3,
..., n that is recorded and value encoded. This represents either another object of the same
kind in a different location or another with the same cell size but a different starting
location.

(2) Data Collection and Storage

Data collection and storage are the second step of processing in a
GIS system, Spatial data are organized in various forms such as analog, graphic and
tabular, in the original map manuscripts, from field surveyed data, or from analysis of
remotely sensed data. These data are entered into a structure file by using computer
terminal with a formatted screen. There are methods for data collection and storage as
follows.

- Manual capture is used for recording the spatial and attribute
data on grid cell basis, overlaying and converting the data into digital values in the matrix
form though terminal keyboard into computer system.

- Semi-automatic capture starts with defining 2 coordinates as
control point. The first point is at the upper left (x-min, y-max) and the second point is at
the lower right (x-max, y-min). Then, the extent of area in bounded in the base map, and
spatially coded by digitization and displayed in graphic form. The last step, which
displays graphic, permits users it to quickly retrieve all data for subsequent analysis, as
well as permits rapid and accurate update and correction before they are entered into the

computer system.
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- Automatic capture can be used for the converting spatial and
attribute data, storaging analog image and encoding or digitizing process to digital image
by scanner. Thematic classification and rectification and carried out before the data
analysis in the GIS system.

(3) Data Verification and Correction

It is not always possible to combine difference spatial data
together to facilitate analysis. Users must be awarded of inaccuracies of any product of
combination functions. Errors of some kind and inherent to every step in using
geographic data. Geographic error may result from inaccurate digitization as a result of
equipment of operator errors and selection of ill suited class intervals, boundary error, the
propagation of errors from multiple overlay, and combining information of different
scales and making use of the product at the large scale. Thus, it is necessary to detect and
correct the data error with digitizer or automated scanner, or transfer the data to print out
at similar scale to base map and overlay them to detect whether such error is vital.

(4) Data Analysis

The data analysis comprises in many ways of analytical operations
including reclassification, overlaying and statistical analysis.

Reclassification is the regrouping or aggregation of map attribute
data, involved, to create a new map by assigning thematic value to categories of a set of
existing digital map. A typical reclassification is a process of simplification, dissolving
and merging for data generalization. For instance, the creation of crop suitability map
from a soil map by assigning value to soil polygon based on particular crop’s soil
requirement.

Overlaying process can create new boundaries or maps with
assigned coverage values to the content in the existing maps. This results a set of valued
for the sets involve. This process includes union, intersection and measurement of area in
order to integrate spatial data in many layers to analyze the information. It is an example
of intersecting a soil and land use map to show the soil types and properties could be
derived for each land use from the new coverage.

Statistical analysis usually provides the user with a better
perspective on the collection of data. They are very meaningful for interpreting the data in

the aggregate rather than individual data items (Dangermond J. Freeman C, 1987).
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Statistical analysis includes calculations of frequencies, average, standard deviation,
mean, regression, correlation, distribution, etc.,of spatial and attribute entities. It is the
easiest to understand what is being done by the functions in order to be able to properly
interpret the results of the analysis.

(5) Data Output and Presentation

This final subsystem in capable of displaying all or part of the
original database as well as manipulating data and output from spatial model in tabular or
map form. This process typically results in a list of data that can be displayed by a report
or stored in another file for operation by other functions. The output is a set of data that
satisfy the consideration and consideration specific. The creation of output data can be
represented as alpha-numerical form and graphic form.

Alpha-numerical representation is a variety of statistical technique
which defines the data collection for interpreting in the aggregated data rather than
individual entities such as mean, medium, mode, range, standard deviation, ect. Which
described by Dangermond and Freeman (1987).

Graphical representation can display the output data from GIS
analyzing system. The attribute content is used to illustrate the attribute and spatial
attribute categories in bar, chart, pie or line chart. The spatial-attribute content can be
represented by the spatial analysis using symbol that is called “Thematic Maps”.

This process typically results in a list of data that can be displayed
by a report generation or stored in another file to be further operated by other functions.
The output is a set of data that satisfies the consideration and consideration specific.

2.2.3. The Global Positioning System (GPS)

The availability of global position system (GPS) technology has permitted
convenient, inexpensive, and accurate measurement of absolute location. GPS has greatly
enhanced the usefulness of remote sensing data, especially when it is necessary to
integrate image data with field data. These instruments now are inexpensive, easy to use,
and can be employed in almost any area on the earth’s surface.

A GPS receiver consists of a portable receiving unit sensitive to signals
transmitted by a network of earth-orbiting satellites. These satellites are positioned in
orbits such that each point on the earth’s surface will be in view of at least four, and

perhaps as many as twelve, satellites at any given time. A system of 24 satellites is
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positioned at an altitude of about 13,500 mi., to circle the earth at intervals of 12 hrs.,
spaced to provide complete coverage of the earth’s surface

These satellites continuously broadcast signals at two carrier frequencies within
the L-band region of the microwave spectrum. Although at ground level these signals are
very weak, they are designed so that they can be detected even under adverse condition
(e.g., severe weather or interference from other signals). The frequency of each of these
carrier signals is modulated in a manner that both identifies the satellite that broadcasts
the signal and gives the exact time that the signal was broadcast. A receiver therefore can
calculate the time delay for the signal to travel from a specific satellite, and then
accurately estimate the distance from the receiver to specific satellite.

One reason that it is possible to employ such a weak signal is that the time and
identification information each satellite transmits is very simple, and the receiver can
listen for long periods to acquire it accurately. Because a receiver is always within range
of multiple satellites, it is possible to combine positional information from three or more
satellites to accurately estimate geographic position on the earth’s surface. A network of
ground stations periodically recomputes and uploads new positional data to the GPS

satellites (James, 2002).

2.3 Landsat Thematic mapper

Even before landsat 1 was launched it was recognized that existing technology
could improve the design of the MSS. Efforts were made to incorporate improvements
into a new instrument modeled on the basic design of the MSS. Landsats 4 and 5 carried a
replacement for MSS known as the thematic mapper (TM), which can be considered as
an upgraded MSS. In these satellite, both the TM and a MSS were carried on an improve
platform that maintained a high degree of stability in orientation as a means of improving
geometric qualities of the imagery.

TM was based upon the same principles as the MSS, but had a more complex
design. It provides finer spatial resolution, improved geometric fidelity, greater
radiometric detail, and more detailed spectral information in more precisely defined
spectral regions. Improved satellite stability and an orbit adjust subsystem were designed

to improve positional and geometric accuracy. The objectives of the second generation of
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Landsat instruments were to assess the performance of the TM, to provide ongoing
availability of MSS data, and to continue foreign data reception.

Despite the historical relationship between the MSS and the TM, the two sensors
are distinct. Whereas the MSS has four broadly defined spectral regions, the TM records
seven spectral bands (Table 2.1). TM band designations do not follow the sequence of the
spectral definitions (the band with the longest wavelengths is band 6, rather than band 7)
because band 7 was added so late in the design process that it was not feasible to relabel
bands to follow a logical sequence.

TM spectral bands were tailored to record radiation of interest to specific
scientific investigation. Rather than the more arbitrary definitions used for the MSS.
Spatial resolution is about 30 m (about 0.09 ha, or 0.22 acre), compared to the 76-m
IFOV of the MMS. (TM band 6 had coarser spatial resolution of about 120 m.) The finer
spatial resolution provided a noticeable increase (relative to the MSS) in spatial detail
recorded by each TM image. Digital values are quantized at 8 bits (256 brightness levels),
which provide (relative to the MSS) a much larger range of brightness values. These
kinds of changes produced image with much finer detail than those of the MSS

Each scan of the TM mirror acquired 16 lines of data. Unlike the MSS, the TM
scan acquires data as it moves in both the east-west and west-east directions. This feature
permitted engineers to design a slower speed of mirror movement, thereby improving the
length of time the detectors can respond to brightness in the scene. However, this design
required additional processing to reconfigure image positions of pixels to forma
geometrically accurate image. TM detectors are positioned in an array in the focal plane(it
does not use the fiber optics employed in the MSS to ensure perfect spatial registration of
the MSS bands); as a result, there may be a slight misregistration of TM bands.

TM imagery is analogous to MSS imagery with respect to areal coverage and
organization of data into several sets of multispectral digital values that overlay to form
an image. In comparison with MSS images, TM imagery has a much finer spatial and
radiometric resolution, so TM images show relatively fine detail of patterns on the earth’s
surface.

Use of seven rather than four spectral bands, and use of smaller pixel size within
the same image area, means the TM images consist of many more data values than do

MSS images. As a result, each analyst must determine those TM bands that are most
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likely to provide the required information. Because the “best” combination of TM bands
vary according to the purpose of each study, season, geographic region, and other factors,
a single selection of bands is unlikely to be equally effective in all circumstances. (James,
2002)

2.3.1 Landsat-5 (TM)

The Landsat-5 was successfully launched on March 1, 1984. The TM (thematic
mapper) scanner is an advanced that TM sensor records wide range of reflected/emitted
electromagnetic energy in the visible, reflective-infrared, middle-infrared and thermal-
infrared regions of the spectrum. TM has higher spatial, spectral and radiometric
resolution than MSS.

Landsat 5 has significantly exceeded its designed life expectancy, and has a
maximum transmission bandwidth of 85Mbps. It was deployed at an altitude of 705.3
km, a lower orbit than Landsat 4. It takes some 16 days to scan the entire Earth. The
satellite is an identical copy of Landsat 4, and was originally intended as a backup - it
therefore carries the same instruments, including the Thematic Mapper (TM) Multi-

Spectral Scanner (MSS) (James, 2002).

Table 2-1 Summary of TM sensor characteristics.

< Spectral L i L
Band Resolution dafinition Some applications
Penetration of clear water; bathymetry; mapping of
Blue, . S
1 30 m coastal water; chlorophyll absorption; distinction between
0.45 - 0.52pm. ; ; .
coniferous and deciduous vegetation
G Records green radiation reflected from healthy
2 30m R vegetation; assesses plant vigor; reflectance from turbid
0.52 - 0.60pum. i ’
water
3 30m Red, Chlorophyll absorption important for plant-type
0.63 —0.69um.  discrimination
. Indicator of plant cell structure; biomass; plant vigor;
near infrared, . - . .
4 30 m complete absorption by water facilitates delineation of
0.76 — 0.90um. )
shorelines
shortwave Indicative of vegetation moisture content; soil moisture
5 30 m infrared, mapping; differentiating snow from clouds; penetration of
1.55—1.75um. thin clouds
thermal- Vegetation stress analysis; soil moisture discrimination;
6 120 m infrared, thermal mapping; relative brightness temperature; soil
10.40- 12.50um. moisture; plant heat stress
Shonwave Discrimination of rock types; alteration zones for
! 30m infrared,  drothermal mapping; hydroxy! ion absorption
2.08-235um. PpINE, Nycroxy P

& Sample applications listed here; these are not the only applications.

Source: James, 2002
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2.4 Mathematical Model

2.4.1 Markov Model
Markov-type model constitute some of historically most common

method of predicting change among various categorical states. At their core is the
mathematics of Markov chain, derived by the Russian Scientist Andrei A. Markov
(1907). The first Markov model were not spatially explicit, but since the middle of
last century the Markov model has been used to simulate change in map (Baltzer et al.
1998). Spatio-temporal Markov chain (STMC) models can be used to model changes
over time among categories in a landscape, whereby each pixel on the landscape is
classified as exactly as exactly one category, and each pixel has some probability of
transitioning to some other category at every time step.

A finite first-order Markov process is a stochastic process {Xt, t = T} with
index set T= {0, 1, 2, ...} and a finite state space N= {1, 2, ..., N}, which has the
following Markov property:

P{X=j\Xe-1=i, Xi—2=ii-2, ..., Xp=ip}=P{X;=j| X;- =i}

for all ¢ and all possible states j, i, i (k=0, 1, ...,t—2). This means that the
probability of the random variable X being in state j at time ¢ depends only on the
variable's state i at time 7 — 1, and not on states at previous points in time.

If the transition probabilities p;(t) = P{X; =j|X,-1 = i} are independent of time
t, then the Markov chain is said to be time stationary (time homogeneous). In this
event:

Py(t) =pyt=T
A time-stationary Markov chain is completely determined by the Markov

transition matrix P:

Pun P 0 Din
p= p:21 p:zz p:ZN ’ipif =1
. . . . Jj=1

Pyt Pn2 7 Pw
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and the initial distribution s(0) = (51(0), 52(0), ..., sm0)), Y.si(0)=1. As the time-
stationary Markov chain advances in time, the distribution after the mth transition

period is

s(m+1) = s(m)P
When a sufficiently large number steps of transition occurred, s(¢) reaches the

limiting distributions” = lim s(0)P™" , which is independent of the initial distribution.

m—>0
If a Markov train is time stationary and the order is set, the transitional
probabilities can be estimated through the maximum likelihood estimation. This
estimation is obtained by maximizing the maximum likelihood function subject to the

constraint that » ;p; = 1, and this yields

T
A n; n; <1 1 (1)

P =—= =
" m, L (=D XL X0

where n;; is the total number of observed cells from category i to j over all
transition periods, #; is the total number of cells transiting from category i over the all
transition periods, n{t— 1) is the total number of cells transiting from category i
during the rth transition period, n;(?) is the number of cells transiting from category i
to j in the tth transition period (Anderson and Goodman, 1957). This estimate is just
the relative frequency of transitions observed over the entire time period.

2.4.2 Cellular Automata

Cellular automata were introduced in the late 1940°s by John von Neumann (von
Neumann, 1966; Toffoli, 1987) and Stanislaw Ulam (1952). Cellular automata are
perhaps the simplest type of dynamic spatial model. Essentially, they consist of: 1. a grid
or raster space; 2. a set of states which characterize the grid cells; 3. a definition of the
neighbourhood of a cell; 4. a set of transition rules that determine the state transitions of
each cell as a function of the states of neighbouring cells; and 5. a sequence of discrete
time steps, with all cells updated simultaneously.

The most basic CA, like Game of Life and the one-dimensional CA used for
fundamental research in the properties of dynamical systems, embody these
characteristics in a straightforward way. In Game of Life, for example, the cell space is a

two-dimensional rectilinear grid, there are two possible cell states, alive and dead, and the
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transition rules are simple, e.g. if a dead cell has exactly three /ive cells in its eight-cell
neighbourhood, then at the next iteration it changes state to alive. But the CA that have
been developed to model geographical systems typically are much more complex, and
relax these defining characteristics in a number of ways in order to come as close as
possible to a faithful representation of the system being modelled. Thus, it is worthwhile
to examine some of these variations on the CA theme and the reasons why they are useful
in a geocomputational setting.

2.4.2.1 The grid space

Grid space is typically assumed to be two dimensional, rectilinear, and
homogeneous; but these assumptions are frequently dropped. While it is clear that for
most geographical applications involving land use and land cover it is natural to use a
two-dimensional grid, for some applications it may be more straightforward to use grids
with other dimensions. Some of the most advanced urban traffic models, for example
(Nagel, Rasmussen & Barrett, 1997), have been developed using one-dimensional CA,
although in these models the linear CA are concatenated in order to represent the network
structure of the road system. Similarly, it might be useful to model dense, multi-story
urban areas with three-dimensional CA, although to date this has not been done.

Rectilinear grid systems have obvious advantages both in terms of
compatibility with raster-based data systems and in terms of computational efficiency.
However, the regular structure in principle may introduce artifacts into the spatial
structures generated by the CA, and so some authors have proposed using a hexagonal
tiling or even randomizing the grid coordinates in order to minimize or eliminate the
macroscopic asymmetries that characterize a square lattice. So far there seem to be no
geographical applications that make use of such a randomization procedure.

There are other reasons to depart from a regular grid. In current
applications, cell sizes range from 500 m down to tens of metres. If the space to be
modelled is already subdivided into functionally relevant units that approximate the
scale of the grid, then these units will provide a better representation of the space than
will grid cells. For example, if land use modelling is to be carried out at a resolution
approximating the scale of cadastral or land ownership units, then using cadastral
units rather than grid cells will result in a better conformation of model results to

actual land use boundaries, although there will of course be a loss of computational
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efficiency, as well as a complication of the definition of the ‘cell’ neighbourhood.
Batty and Xie (1994) have employed cadastral units in a model of land use changes in
a suburban area of Buffalo, USA.

For typical geographical applications, the most important grid space
assumption to relax is that of homogeneity. Realistically, the space on which the state
dynamics is played out is far from homogeneous. If the states represent land use, then
it is clear that a number of factors other than the land use of neighbouring cells factors
such as slope, soil quality, and zoning regulations may be important determinants of
land use change. Such factors can be thought of as characterizing the cell space itself.
In this view, then, each cell is characterized by an intrinsic suitability for each
particular land use, or state, which acts in addition to the standard cellular
neighbourhood effect in determining the cell state transitions. These suitabilities may
also include non-local factors that are not represented in the cell space
neighbourhood, such as accessibility to a transportation network or to key points in
the region like a city centre or an airport.

A number of CA models have been developed in which the cell space
is inhomogeneous. The idea of including suitabilities in the characterization of the cell
space emphasizes the importance of the link between CA modelling and GIS, since
the suitabilities are typically calculated within a GIS and imported into the cellular
model. However, when suitabilities consist of weighted sums of cell characteristics, it
is frequently the case that the proper values of the weights are not known. In this case
determination of the precise values of the weights becomes part of the calibration
process of the CA, and it is convenient to have a software tool that sits between the
GIS and the CA and facilitates the process of calibrating the weights. In any case, the
weights, or more accurately, the suitabilities determined by them, form part of the
boundary conditions of the CA, i.e. they are read in during the initialization of the
model and remain fixed during execution. In principle the weights might also be
altered dynamically within a CA-based model, although apparently no such model has
yet been implemented.

2.4.2.2 The cell states

Cell states most commonly represent land cover and land use, but may

be used to represent any spatially distributed variable for the purpose of modelling its
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spatial dynamics. For example, cell states may be used to represent population density
levels (Wu, 1998). In this approach the transition rules add population to cells so that
each cell is characterized by a population count that changes with each iteration. Since
cell sizes are uniform, the cell values in fact represent population density. Cell states
may also consist of vectors representing a number of features. Portugali and Benenson
(1995), for example, use cell state vectors to represent ethnic and socio-economic
status, demographic attributes, and attitudes towards other groups in their model of
neighbourhood and attitude formation. In CA models of natural systems, cell states
are used to represent such factors as sediment load in seawater, groundwater levels,
and soil moisture. We mention these to emphasize the compatibility between CA
models of human and natural systems.

2.4.2.3 The neighbourhood

In keeping with the spirit of simplicity of CA, applications most often
adopt either the Von Neumann neighbourhood (consisting of the four cells adjacent to
the sides of the cell) or the Moore neighbourhood (the eight adjacent cells). For most
physical systems, these are clearly the most appropriate definitions, since such
systems typically have only local causation (e.g. groundwater must first flow through
adjacent cells before it can reach more distant ones). However, in the case of human
systems, the idea of locality may be much larger, since people and institutions are
aware of their surroundings in a wider space. Thus, it is desirable to define a
neighbourhood large enough to capture the operational range of the local processes
being modelled by the CA. In the case of land use changes, local or neighbourhood
effects may extend to a distance of a kilometre or more. Hence, in some models the
neighbourhood is defined as all cells within a radius of eight cells, an area containing
196 cells. Of course, if the logic of the problem requires, it would be possible to
define non-local neighbourhoods, e.g. the neighbourhood might be defined as
consisting of cells with which the given cell was linked in some functional sense,
without regard to the distance of the cells. Kauffman (1989) has used this kind of
neighbourhood in his work with random Boolean networks, which may be regarded as

CA with non-local, randomly defined neighbourhoods.
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2.4.2.4 The transition rules

The transition rules are the heart of a CA. They represent the logic of
the process which is being modelled, and thus determine the spatial dynamics which
result. Since they are as various as the processes they represent, it is difficult to
generalize about them. They may be simple, as in Game of Life or spatial voting
models (a cell takes the state of the majority state in its neighbourhood), or complex;
in the limit the ‘rule’ may consist of an entire sub-model. Rules developed to apply to
neighbourhoods with a large cell radius will typically represent local spatial processes
that include a distance-decay effect. For example, a rule relating the future land use of
a cell to the actual land uses within an eight-cell radius will represent the attraction
and repulsion effects of the various land uses in the neighbourhood, but with an
attenuation of the effect of the more distant cells. In models of human systems it is
usually appropriate, or even necessary, to introduce a stochastic element into the
transition process in order to capture the effects of imperfect information and
differences among individuals.

2.4.2.5 The time step

In CA models time is normally discrete, with a simultaneous updating
of all cell states after the rules have been applied to each cell using the current
configuration. For many applications the appropriate time step is a matter of
convenience; e.g. iterations representing 1 year may be adequate in a model of land
use change, whereas a model of traffic flow would require time steps of seconds or
minutes. One of the most promising roles for CA is in integrated modelling, where
several models are linked dynamically and run as one; in these cases the time steps
must be defined in such a way as to be compatible. For practical purposes, this
requires nested time scales, with each discrete time scale being an integral multiple of
the next slower scale.

It is also possible to substitute sequential for simultaneous updating.
This is desirable when the process being modelled has relatively few discrete events
per time step, as, for example, in the case of a high-resolution model of an urban land
market, where individual parcels are put on the market, bid for, and sold (Dong,
2000). In the case of constrained CA, discussed below, sequential updating may also

have the advantage of simplifying the problem of attaining appropriate numbers of
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cells in the various states. This is the primary motivation for using a sequentially
updated version of a Boltzman probability transition rule in an urban land use model
being developed at Los Alamos National Laboratories. However, sequential updating
is clearly only feasible when it is possible to find an appropriate means for selecting
the cells to be updated, one that is in accord with the nature of the process being
modelled.

2.4.3 The simple linear regression model

The simple linear regression model is a model with a single regressor x, and
the relationship between the response y and x a straight line. This simple linear

regression model is
y=Po+ e

Where is intercept Sy and the slope f; are unknown constants and ¢ is a random
error component. The errors are assumed to have means zero and unknown variance o,
Additionally, we usually assume that the errors are uncorrelated. This means that the
value of one error does not depend on the value of any other error (Douglas and

Elizabeth,1982).

2.5 Accuracy Assessment

The accuracy of spatial data has been defined by the United States Geological
Survey (USGS) as: “The closeness of results of observations, computations, or estimates
to the true values or the values accepted as being true” (USGS, 1990). Nevertheless it
must be stated that “truth” has a certain subjective dimension (Janssen and vander Wel,
1994). If remote sensing derived land use or land cover maps and related statistics are to
be useful to the researcher or the user community, there must be a method for
quantitatively evaluating classification accuracy. In order to determine classification
accuracy, it is necessary to determine if the output map meets, exceeds, or does not meet
certain predetermined classification accuracy criteria.

A most common and typical method used by researchers to assess classification
accuracy is with the use of an error matrix (sometimes called a confusion matrix or
contingency table) (Card, 1982 and Congalton, 1991). An error matrix is a square

assortment of numbers defined in rows and columns that represent the number of sample
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units (i.e., pixels, clusters of pixels, or polygons) assigned to a particular category relative
to the actual category as confirmed on the ground. The rows in the matrix represent the
remote sensing derived land use map (i.e., Landsat data), while the columns represent the
reference data (i.e., aerial photo) (Jensen, 1986). These tables produce many statistical
measures of thematic accuracy including overall classification accuracy (the sum of the
diagonal elements divided by the total number in the sample), percentage of omission and
commission error by category, and the KHAT coefficient (an estimate of the Kappa
coefficient, an index that relays the classification accuracy after adjustment for chance
agreement) (Cohen,1960; Congalton et al., 1983).

Error of omission is the percentage of pixels that should have been put into a
given class but were not. Error of commission indicates pixels that were placed in a
given class when they actually belong to another. These values are based on a sample of
error checking pixels of known land cover that are compared to classifications on the
map. Errors of commission and omission can also be expressed in terms of user's
accuracy and producer's accuracy. User's accuracy represents the probability that a given
pixel will appear on the ground as it is classed (the percentage correct for a given column
divided by the total for that column), while producer's accuracy represents the percentage
of a given class that is correctly identified on the map (the percentage correct for a given
row divided by the total for that row).

To assess classification accuracy one needs to compare two different maps: 1) the
classified map derived from remotely sensed data and 2) existing sources of reference
information such as aerial photos which allow a means of time and cost-efficient error
checking. In order to assess classification accuracy, there must be perfect or near perfect
registration between the reference information and classified maps.

2.5.1 Kappa Coefficient

The Kappa coefficient is a measure of overall agreement of a matrix. In contrast
to the overall accuracy the ratio of the sum of diagonal values to total number of cell
counts in the matrix the Kappa coefficient takes also non-diagonal elements into account
(Rosen_eld and Fitzpatrick, 1986).

Developed by Cohen (1960) the Kappa coefficient measures the proportion of
agreement after chance agreements have been removed from considerations. Kappa

increases to one as chance agreement decreases and becomes negative as less than chance
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agreement occurs. A Kappa of zero occurs when the agreement between classified data
and verification data equals chance agreement (Fenstermaker, 1991).

The Kappa coefficient was introduced to the remote sensing community in the
early 1980s (Congalton and Mead, 1983; Congalton et al., 1983) and has become a
widely used measure for classification accuracy. It was recommended as a standard by
Rosen_eld and Fitzpatrick-Lins (1986).

Due to a typographical error in Congalton et al., (1983) there has been some
confusion about the correct computation of the Kappa coefficient. Hudson and Ramm
(1987) have clarified this confusion. Most articles cite Bishop et al. (1975) as a source of

formulation:

where

r = number of rows and columns in error matrix,
N = total number of observations,

Xii= observation in row 1 and column i,

Xi+= marginal total of row 1, and

X+ = marginal total of column i.

Qualitative classification of kappa values as degree of agreement
< 0 Less than chance agreement

0.01-0.20 Slight agreement

0.21- 0.40 Fair agreement

0.41-0.60 Moderate agreement

0.61-0.80 Substantial agreement

0.81-0.99 Almost perfect agreement
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2.6 Study area

2.6.1 Geography

Nan has an area of 12,163.01 km?” or approximately 7,601,881 rai. It borders with
the Democratic Republic of Laos and is located in the east of the North about 688
kilometers from Bangkok by road.

Most of the province is steep land with mountains about 86% or 6,537,618 rai. It
is situated at the height of 2,115 meters from mean sea level. Its bordering areas are as
follows:

The north borders Chiang Hon-Hongsa Special Economic Zone of Laos.

The east borders Chaiyaburi District of Laos.

The south borders Phrae and Uttaradit provinces.

The west borders Phrae and Payao provinces.

2.6.2 Administrative zones

The province is divided into 14 districts and 1 sub-district as follows:

Wiang Sa district with 127  villages
Muang district with 108  villages
Nanoi district with 68 villages
Bo Klua district with 39 villages
Santisuk district with 31 villages
Song Khwae district with D5 villages
Pua district with 105  wvillages
Tha Wang Pha district with 90 villages
Chaing Klang district with 59 villages
Thung Chang district with 40 villages
Mae Jarin district with 38 villages
Baan Luang district with 26 villages
Chalerm Phrakiat district with 22 villages
Na Mun district with 48 villages
Phu Phiang sub district with 59 villages

2.6.3 Population
In 2006, Nan province has its population of 477,662. (Office of the

Provincial Statistics)
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2.6.4 Natural resources

2.6.4.1 Water resources

Located in a mountainous region, the province is an important watershed
of several rivers, namely, Nan River originated from Doi Khun Nam Nan in Pua district,
Wa River originated in Jom mountain range in Pua district,. Sa River from a mountain
range in Sa district, Samun River from Phaji mountain range in Tha Wang Pha district,
Haeng River from Pae Chang mountain range in Wiang sa district, Lae River from a
mountain range of Thung Chang district, and Pua River from a mountain range of Pua

district.

2.7 Related researches

Shuying Zang and Xi Huang (2005) has studied dynamic land use change, which
concerns many related factors and interrelations ecologically, geographically,
economically and socially. For a clear explanation of the mechanism of land change, a
feasible dynamic model is designed on the basis of the land-use situation in Daqing area,
where is particularly characterized by an expansion of the local petroleum industry and a
decrease and degeneration of natural and agricultural ecosystem. To model this land-use
process, they introduced an aggregated multivariate regression model which approached
the topic much simpler and mathematically straightforward for a zero-dimensional space.
Tylor series was used in the model to express the change of each land type in every time
step, all the variables impacting the land-use change were integrated as dominate driving
forces which reflect the comprehensive influence of Daqing’s economic environment.
The modeling is aimed at studying the land-use change under its particular environment
and its causal economic development, therefore the model analysis focused on the
dynamics process driven by the specialized economic structure and activities which
serves as driving forces in change of land uses. Thereby this dynamic model can also be
used as an example for prediction, adjustment and control of the land change trend in
planning theoretically.

Metin Senbil, Akimasa Fujiwara and Junyi Zhang (2004) studied, a cellular
automata model for landuse evolution is proposed based on discrete choice estimation of
transition probabilities as cellular automaton rules. The model is estimated on the panel

data (four time points) of a hypothetical city land use development. The model estimated
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is used to predict the future landuse patterns of the city. The results show that mixed logit
model fits well to the cellular automaton, thus offers more extensive research based on

real data.

Erna Lopez, Gerardo Bocco, Manuel Mendoza and Emilio Duhau (2001) studied
Land-cover and land-use (LCLU) change was quantified for the last 35 years within and
in the vicinity of a fast growing city in Mexico, using rectified aerial photographs and
geographic information systems (GIS). LCLU change was projected for the next 20 years
using Markov chains and regression analyses. The study explored the relationships
between urban growth and landscape change, and between urban growth and population
growth. The analysis of Markov matrices suggests that the highest LCLU attractor is the
city of Morelia, followed by plantations and croplands. Grasslands and shrublands are the
least stable categories. The most powerful use of the Markov transition matrices seems to
be at the descriptive rather than the predictive level. Linear regression between urban and
population growth offered a more robust prediction of urban growth in Morelia. Hence,
we suggest that linear regression should be used when projecting growth tendencies of

cities in regions with similar characteristics.

Qihao Weng (2001) studied land use change has taken place in many coastal
regions of China such as the Zhujiang Delta over the past two decades due to accelerated
industrialization and urbanization. In this paper, land use change dynamics were
investigated by the combined use of satellite remote sensing, geographic information
systems (GIS), and stochastic modeling technologies. The results indicated that there has
been a notable and uneven urban growth and a tremendous loss in cropland between 1989
and 1997. The land use change process has shown no sign of becoming stable. The study
demonstrates that the integration of satellite remote sensing and GIS was an effective
approach for analyzing the direction, rate, and spatial pattern of land use change. The
further integration of these two technologies with Markov modelling was found to be

beneficial in describing and analyzing land use change process.

Brown G., Pijanowski C. and Duh D.(2000) studied to modeling land-cover
change as a function of land-use change. They argue that, in order to model the link
between socio-economic change and changes in forest cover in a region that is

experiencing residential and recreational development and agricultural abandonment,
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land-use and land-cover change need to be represented as separate processes. Forest-
cover change is represented here using two transition probabilities that were calculated
from Landsat imagery and that, taken together, describe a Markov transition matrix
between forest and non-forest over a 10-year period. Using a three-date land-use data set,
compiled and interpreted from digitized parcel boundaries, and scanned aerial
photography for 136 sites (c. 2500ha) sampled from the Upper Midwest, USA, they test
functional relationships between forest-cover transition probabilities, standardized to
represent changes over a decade, and land-use conditions and changes within sample
sites. Regression models indicated that about 60% of the variation in the average forest-
cover transition probabilities (i.e. from forest to non-forest and vice versa) can be
predicted using three variables: amount of agricultural land use in a site; amount of

developed land use; and the amount of area increasing in development.
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This study applied the Geographic Information System (GIS), Remote Sensing
(RS), and Global Positioning (GPS) to classify land use pattern and identify land use

change. Markov model, Cellular Automata model and Regression model were used to
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CHAPTER I
RESEARCH METHODOLOGY

predict land use changes in Nan Province.

3.1 Materials

Hardware and software were utilized in this study as the following:

I.

3.2 Data Sources

The main data sources were Landsat-5TM satellite images which were the

AN VPR LD

Personal computer

GPS receiver

Digital camera

Image analysis software: Erdas Imagine 8.6

GIS software: ArcViewGIS 3.3 and ArcGIS 8.3

Operation System: WindowsXP Professional

main basis of this study. Table 3-1 showed the data attribute and accessing period.

Table 3-1 Data sources for the study

Data Path/Row Bands Resolution Date Source
129/047, 130/046,
Landsat-5 TM 130/047 3.4,5 25m 1990,2000,2005 | GISTDA*
Data Type Scale Date Source
Boundary Polygon 1:50,000 No reference DEQP**
Topology map 1:50,000 No reference DEQP**

* Geo-Informatics and Space Technology Development Agency (Public Organization)

** Department of Environmental Quality Promotion
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The process of this study was separated into 4 steps including; land use

classification, land use change, prediction of land use and lastly to compare the land

use patterns with land suitability map as diagram’s shown in figure 3-1.

1. Land use Classification

Satellite image
1990/2000/2005

7t

Image Processing
1.1 Pre-Processing

1.2 Image Enhancement

1.4 Identification of training area
1.5 Image Classification

1.6 Post Classification

1.7 Classification Accuracy

1.3 Nomenclature Thematic map

LU 1990 — |Qverlay 2. Land use change
LU 2000 — MY 1990 — 2000
LU 2005 2000 — 2005

3. Prediction land use

CA_Markov Regression
Model Model

T oy

Prediction Prediction Prediction
LU 2005 LU 2010 LU 2010
\4
3.1. Accuracy assessment 3.2 Comparison of land use
35 ) ~
LU 2005 By Prediction LU Thematic map Prediction LU
Hybrid 2005 By LU 2005 2005 By
Classification CA_Markov CA_ Markov
J - —
l Prediction LU Prediction LU
2010 By 2010 By
Error Matrix: Acceptation at 70% L Regression Model CA_Markov Model .

Thematic map e N
LU 1990 Prediction LU H
e J 2010 By

e Reeression Model
H . - J
Thematic map

LU 2000 :

~ J Ak

E Prediction LU

)

Thematic map C iO ll\galrglz,ov 5

1 LU 2005 N /|
N — :

Land Suitability map
- Paddy field
- Corn

Figure 3.1: The study design diagram.
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3.3.1 Land use classification

This study used satellite images Landsat- 5 TM in the years 1990, 2000 and 2005
representing the land use and then they were classified 13 land use patterns. (As shown in
table 3-1)

Table 3-2 Definition of land use categories.

No. Symbol Name Definition
1 A100 Paddy field Abandoned, Transplanted, Broadcasted
Mixed, Corn, Sugarcane, cassava, Pineapple,
2 A200 Field crop or Upland crop
Tobacco, ect.
Mixed, Orange, Durian, Litchi, Longan,
3 A300&A400 | Perennial, Fruit tree
Langsat, ect.
Disturbed evergreen forest, Disturbed
4 F100&F200 Disturbed forest .
deciduous forest
5 F102 Dry evergreen forest Dry evergreen forest
6 F103 Hill evergreen forest Hill evergreen forest
7 F104 Tropical pine forest Tropical pine forest
8 F201 Mixed deciduous forest Mixed deciduous forest
9 F202 Dipterocarp forest Dipterocarp forest
10 F300 Forest plantation Teak, Eucalyptus, Dipterocarpus,ect.
11 WO000 Surface water Natural water body, Reservoir
12 U000 Man made construction Village, Air port, Golf course, Factory
13 MO000 Miscellaneous Grasses land, Wetland, Mine, Other

The land use patterns of Nan province was classified using both visual and
computer automated interpretation. The procedures were as follow.

3.3.1.1 Pre-Processing

Landsat-5 TM was used to classify for land use and the quality was
approved by Histogram Analysis. They were prepared by radiometric, atmospheric, and
geometric corrections for strip or noise reducing and geometric position acquisition.
Normally, radiometric and atmosphere corrections were already processed by source of
image (GISTDA). In the geometric correction of the study area, the co-register by image-
to-image method was utilized. Map projection was Universal Transverse Mercator

(UTM) zone 47, Everest spheroid and Indian 1975 datum. Acceptable root mean square
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error was not over 1.0 pixel (25 meters in real distance). Then, the study area was subset
from the mosaic images.

3.3.1.2 Image Enhancement

Image enchantment was an addition process of image contrast for easier
interpretation. The enchantment of this study was false color composite band 4-5-3 (R-G-
B) and contrast stretching.

3.3.1.3 Nomenclature

Nomenclature was determination of image classification frame. The
nomenclature of this study was referenced from Land Cover Classification System of
Land Development Department in 1999.

3.3.1.4 Identification of training area

Training areas for image classification were done by ground survey
technique and was accidental sampled along the main roads. Each land use patterns had
training areas not less than 3 areas.

3.3.1.5 Image Classification

Hybrid classification method was applied to classify satellite image was
using as described below:

s Computer automated interpretation approach of this study
included the unsupervised classification and was classified by ISODATA Clustering
Algorithm technique. The result was generated the cluster of differentiation that cover the
main land use pattern in the study area. Then the supervised classification was run by
Maximum Likelihood to classify 13 land use patterns.

. Previous classifications run by using only digital number (DN)
with statistic analysis for classifying group of data (land use pattern). Thus visual
interpretation could help to classify land use pattern for the result correction.

3.3.1.6 Post Classification

Post classification was the last step for image classification. The land use
classification result was done by using image filtering to eliminate small areas that were
the misinterpreted areas by computer in order to make to be more data completed.

3.3.1.7 Classification Accuracy

Classification accuracy was calculated by confusion matrix accuracy

method. That was to compare the classification result with the ground truth survey.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appro Techno for Resource Devel) / 35

Number of check point was calculated by binomial probability theory (Equation 3-1)

(Clark University, 2003) Then accuracy correcting was not less than 80% .

2
N = £ (pNg ) Equation 3-1
2
E
When N = Least number of checkpoint
Z = the standard score required for the desired level of

confidence (e.g., 1.96 for 95% confidence, 2.58 for 99%,etc.) in

the assessment

p = Accuracy probability of pixel
q~ =100-p
E = Acceptable error in percentage

3.3.2 Change detection of land use

3.3.2.1 Studying of land use change in Nan province by import map of
land use in the years 1990, 2000 and 2005 into the GIS database as vector format to
overlay with land use map for all 3 years by using spatial analysis. Land use area for each
type was calculated and compared the changing between 1900 to 2000 and 2000 to 2005
with the application of cross classification (Eastman, McKendry and Fulk, 1995).

3.3.3 Model of land use changes prediction

3.3.3.1 Land use change prediction
CA_Markov and Regression models were used for land use change

prediction as detail in the following steps:

« Change prediction using CA_Markov model

Database of land use of the years 1900 and 2000 in information system
database as raster format were import to predict the change of land use with the theory of
Markov Chain. Derived outcomes were the probability and transition areas. After that, the
probability and transition areas were used to classify levels for each pixel based on
Cellular automata by putting emphasis on the Nearest Neighbor Majority Approach from
building the Matrix in the calculation for 5x5 pixel for the land use in the years 2005 and
2010.



Aingorn Chaiyes Methodology / 36

- Change prediction using Regression model

Land use data of the years 1990 and 2000 were imported into GIS as the
raster format to analyze together with the Simple Linear Regression in Forward Stepwise

as being shown in the following equation:
y=po+ pixte Equation 3-2

Identify dependent variable (y)was the land use map for the year2000
while another independent variable (x) was the land use map for the year 1990. Equation

(3-2) was applied to predict the land use in the next 10 years or the year 2010 by
identifying independent variable as land use map for the year 2000.

3.3.3.2 Accuracy of the models

Checking accuracy of the models by taking land use map for the year
2005 derived from CA_ Markov model to overlay with the classifying satellite data and
field survey. This was done to compare the land use data derived from CA Markov
model with the land use data resulted from classification by using Kappa Index to verify
data accuracy.

3.3.3.3 Analyze and compare data resulted from models

- Land use area in each category was calculated and analyzed to compare
between the land use data resulted by applying the prediction the land use data in the year
2005 through CA Markov model and the classification from satellite data.

- Then land use area in each category was calculated and analyzed to
compare between the land use data resulted by applying the prediction the land use data
in the year 2010 through CA_Markov and Regression models.

3.3.4 Comparison of land use patterns with land suitability of crop for

economic in Nan province

Land suitability classification for economic crop in Nan province was
conducted by using secondary data such as Nan land use map and relate properties of
soil series (physical, chemical and environmental factors) from the Land
Development Department incorporate for the study. Land Development Department
has classified the land suitability for economic crop into 5 classes according to the

limitations and other serious limitation related to soil property including some
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environmental factors; they were topography, soil texture, soil depth, rock out,
stoniness, salinity, drainage, flooding, permeability, nutrient status, acidity, depth to
acid sulfate layer, soil erosion and thickness of organic horizon. For the slope
complex area did not have any land suitability classification data for the economic
crop, the geological characteristic which has been considered as the original source

for soil was taken into account to substitute the missing slope complex area data.

3.3.4.1 Land use map from the year 1990, 2000 and 2005 derived from
Landsat-5TM classifying and land use map in the year 2010 resulted from
CA Markov and Regression models were overlay with land suitability map for
economic crop interpreted for at Nan province. Then land use data and land suitability
for economic crop were analyzed based on soils physical and chemical features and
properties, including certain surrounding conditions of soils effecting plants growth or
production. The comparison was made to study the land use types such as paddy field,
field crop or upland crop, perennial and fruit tree. Types of crop referred in this study
were selected from economic crop mostly grown in each type of land use within Nan

province comprised of rice, corns and longan.
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CHAPTER IV
RESULTS

Results of the study, land use patterns by hybrid classification in the years
1990, 2000 and 2005, were reported. Land use changes during the period of 1990-
2005, the prediction of land use by CA_Markov and Regression models and land

suitability of paddy field, corn and longan in Nan province were also presented.

4.1 Land use Classification

In the combination of Landsat- 5 TM in the years 1990, 2000 and 2005 with hybrid
classification procedure was used for land use classification. Table 4-1 showed the patterns
of land use and their areas in Nan province. Overall accuracy of land use classification was
also shown in the table 4-2.

The land use in Nan province analyzed by Landsat- 5 TM in 1990 was classified
into 13 categories (figure 4-3). Mixed deciduous forest area was the largest area and
covered 3,801.45 km? (31.25%) of the total area, followed by disturbed forest, field crop or
upland crop, hill evergreen forest, paddy field, dry evergreen forest, dipterocarp forest,
perennial and fruit tree, man made construction, surface water, forest plantation, tropical
pine forest and miscellaneous with the areas of 2,735.17 km? (22.49%), 2,131.25 km?
(17.52%), 1,182.65 km® (9.72%), 847.76 km? (6.97%),510.31 km? (4.20%), 432.27 km?
(3.55%), 216.83 km? (1.78%), 202.09 km? (1.66%), 46.13 km? (0.38%), 41.50 km?
(0.34%), 8.49 km? (0.07%) and 7.11 km? (0.06%) of the total area, respectively.

The land use in Nan province analyzed by Landsat- 5 TM in 2000 was classified
into 13 categories (figure 4-5). Mixed deciduous forest area was the largest area and
covered 3,829.71 km? (31.49%) of the total area, followed by field crop or upland crop,
disturbed forest, hill evergreen forest, paddy field, dry evergreen forest, dipterocarp forest,
perennial and fruit tree, man made construction, surface water, forest plantation, tropical
pine forest and miscellaneous with the areas of 2,720.20 km? (22.36%), 2,130.69 km?
(17.52%), 1,088.74 km? (8.95%), 865.37 km? (7.11%), 509.50 km? (4.19%), 419.25 km*
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(3.45%), 272.06 km® (2.24%), 222.28 km?® (1.83%), 47.57 km® (0.39%), 42.03 km?
(0.35%), 8.06 km? (0.07%) and 7.55 km? (0.06%) of the total area, respectively.

The land use in Nan province analyzed by Landsat- 5 TM in the year 2005 was
classified into 13 categories (figure 4-7). Field crop or upland crop area was the largest area
and covered 3,321.84 km? (27.31%) of the total area, followed by mixed deciduous forest,
disturbed forest, hill evergreen forest, paddy field, dry evergreen forest, dipterocarp forest,
perennial and fruit tree, man made construction, surface water, forest plantation, tropical
pine forest and miscellaneous with the areas of 3,072.41 km? (25.26%), 2,443.08 km?
(20.09%), 999.78 km® (8.22%), 881.12 km? (7.24%), 482.48 km?® (3.97%), 383.89 km?
(3.16%), 256.78 km* (2.11%), 228.43 km?® (1.88%), 48.82 km* (0.40%), 30.19 km?
(0.25%), 8.49 km? (0.07%) and 5.70 km? (0.05%) of the total area, respectively.

Table 4-1 Comparative land use in Nan province by Landsat imagery in 1900, 2000
and 2005.

Year 1990 Year 2000 Year 2005
Land use types
Km? % Km? % Km? %
Paddy field 847.76 | 697 865.37 711 881.12 7.4

Field crop or Upland crop 213125 | 1752 | 2,720.20 22.36 3,321.84 27.31

Perennial or fruit tree

216.83 1.78 272.06 2.24 256.78 211
Dry evergreerRighegt 510.31 4.20 509.50 4.19 482.48 3.97
Hill evergreen forest 1,182.65 9.72 | 1,088.74 8.95 999.78 8.22
Tropical pine forest 849 | 007 8.06 0.07 8.49 0.07

Mixed deciduous forest 380145 | 3125 | 382971 | 3149 | 307241 | 2526

Dipterocarp forest 432.27 3.55 419.25 3.45 383.89 3.16

Disturbed forest 273517 | 2249 | 2,130.69 17.52 2,443.08 20.09

Forest plantation

41.50 0.34 42.03 0.35 30.19 0.25
Miscellaneous 711 0.06 7.55 0.06 5.70 0.05
Man made construction 202.09 1.66 22228 1.83 228.43 1.88
Surface water 46.13 0.38 4757 0.39 48.82 0.40

Total area (km?)

12,163.01 100.00 | 12,163.01 100.00 12,163.01 100.00

Source: Analysis



Aingorn Chaiyes Results / 40

For this land use classification study, the land use data in the past was also studied
and the hybrid classification technique could not applied for all data. Since the ground
truth survey could not be done for the past land use data. Therefore the land use
classification in the years 1990 and 2000 was done by visual classification incorporate
with the land use maps in the same years that prepared by the Land Development
Department and the National Park, Wildlife and Plant Conservation Department to set the
training areas for the land use classification for this study. For the land use classification
in the year 2005, the Hybrid classification was employed and was verified for accuracy
by doing the ground truth survey. The accuracy value was shown as below:

Accuracy of classification for land use in the year 2005 was overlaid with 184

points of land use data from field survey with GPS (Figure 4-1) to find accurate ratio of

land use in the year 2005 with the actual location of land use derived from the field
survey before constructing the calculation table for accuracy. Findings indicated overall
accuracy 84.24% and overall Kappa at 0.81% as illustrated in Table 4-2.

Table 4-2 The land use confusion matrix of hybrid classification and ground truth in 2005.

Land Use by Ground Truth
= 8 g g
= = s S [%] S g
Land Use Type =) 2 & g g = g
= S 5 L o 2 = s 3
E §‘ = i g E g_ -q'é % = E
> | S £ < 8 3% | 8 | C3 2 g
g | 28 2 z > z8 g § g g 2
a Lo o [a) [a)] =L - S8 v )
Paddy field 47 s 0 0 0 2 0 0 50 94.00
Field crop or
5 Upland crop 0 23 1 2 0 2 2 2 32 71.88
g
2 ) )
g | Ferenmalorf 0 1 16 0 0 1 1 0 19 | 8421
O
b=
_§ Disturbed forest 0 0 0 1 0 2 0 0 3 33.33
T
>
= Dry evergreen 0 0 0 1 5 0 0 0 6| 8333
9 forest
o
N . .
PN Mixed deciduous
= forest 0 0 0 0 0 24 1 0 25 96.00
=
5 Forest plantation 0 0 1 0 0 0 3 0 4 75.00
Man made
construction 2 0 2 1 0 2 2 36 45 80.00
Column Total 49 25 20 5 5 33 9 38 184
Producer’s Accur(ao% 95.92 92.00 80.00 2000 | 100.00 7273 | 3333 9474 | 588.72

Source: Analysis
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Overall accuracy

((47+23+16+1+5+24+3+36) / 184)) x 100
84.24 %
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part a = (47+23+16+1+5+24+3+36)= 155

part b = (49x50) + (25x32) + (20x19) + (5x3) + (5x6) +(33x25) +
(9x4) + (38x45) = 6,264

Khat = ((184x155) — 6,264) / ((184)% - 6,264)
=0.81
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Figure 4-1 Ground truth points survey in Nan province.
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Figure 4-2 Landsat-5 TM image of Nan province, 1990.
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Figure 4-5 Land use in Nan province, 2000.

Figure 4-4 Landsat-5 TM image of Nan province, 2000.
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4.2 Land Use Change in Nan Province

The results of the comparison study on land use change between 1990-2000,

and 2000-2005 are as follows:

4.2.1 Land Use Change in 1990-2000

The land use map in the year 1990 was overlay with the land use map in the year
2000 and the result was showed in tables 4-3, 4-4 and figure 4-8. The results of the land use
change within 10 years period (1990-2000) were shown as follows:

Paddy field. The paddy field was increased with area of 17.61 km? or 1.24 % of the
land use change. Furthermore, the largest area of paddy field was transformed to be
perennial and fruit tree area with an area of 30.75 km?, followed by field crop or upland
crop, man made construction, disturbed forest, surface water and mixed deciduous forest
with area of 10.80, 8.52, 2.95, 1.06 and 0.52 km?, respectively.

Field crop or Upland crop. The field crop or upland crop area was increased with
area of 588.95 km? or 41.32 % which was the most increasing volume of land use changed
in the period of 1990-2000. Furthermore, the largest area of field crop or upland crop was
transformed to be disturbed forest area with an area of 129.00 km? followed by mixed
deciduous forest, perennial and fruit tree, paddy field, hill evergreen forest, man made
construction, dry evergreen forest, forest plantation, surface water and miscellaneous with
areas of 106.02, 20.56, 12.10, 8.00, 6.79, 4.28, 1.05, 0.41, 0.22 and 0.06 km?, respectively.

Perennial and Fruit tree. The perennial and fruit tree area was increased with area
of 55.23 km? or 3.87 % of the land use change. Furthermore, the largest area of perennial
and fruit tree was transformed to be paddy field area with an area of 5.47 km?, followed by
mixed deciduous forest, field crop or upland crop, man made construction and surface
water with areas of 0.96, 0.81, 0.14 and 0.01 km?, respectively.

Dry evergreen forest. The dry evergreen forest area was decreased with area of

0.81 km? or 0.06 % of the land use change. Furthermore, the largest area of dry evergreen
forest was transformed to be disturbed forest area with an area of 4.90 km?, followed by
field crop or upland crop, mixed deciduous forest, man made construction and perennial
and fruit tree with areas of 4.15, 1.08, 0.32 and 0.02 km?, respectively

Hill evergreen forest._The hill evergreen forest area was decreased with area of
93.91 km? or 6.59 % of the land use change. Furthermore, the largest area of hill evergreen
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forest was transformed to be disturbed forest area with an area of 98.34 km? followed by
field crop or upland crop, miscellaneous, mixed deciduous forest, man made construction
and paddy field with areas of 17.67, 0.39, 0.26, 0.24 and 0.14 km?, respectively.

Tropical pine forest. The tropical pine forest area was decreased with area of 0.43
km? or 0.03 % of the land use change. Furthermore, the largest area of tropical pine forest
was transformed to be disturbed forest area with an area of 0.43 km®.

Mixed deciduous forest. The mixed deciduous forest area was increased with area
of 28.26 km? or 1.98 % of the land use change. Furthermore, the largest area of mixed
deciduous forest was transformed to be disturbed forest area with an area of 395.51 km?,
followed by field crop or upland crop, paddy field, perennial and fruit tree, man made
construction, miscellaneous, hill evergreen forest, surface water and dipterocarp forest with
areas of 154.36, 6.46, 2.70, 1.4, 1.31, 0.56, 0.07 and 0.01 km?, respectively.

Dipterocarp forest. The dipterocarp forest area was decreased with area of 13.02
km? or 0.91 % of the land use change. Furthermore, the largest area of dipterocarp forest
was transformed to be field crop or upland crop area with an area of 15.37 km? , followed
by disturbed forest, paddy field, perennial and fruit tree, mixed deciduous forest, man made
construction, surface water and hill evergreen forest with areas of 5.84, 2.25, 0.91, 0.89,
0.50, 0.14 and 0.01 km?, respectively.

Disturbed forest. The disturbed forest area was decreased with area of 604.48 km?

or 42.41 % which was the most decreasing area of land use changed in the period of 1990-
2000. Furthermore, the largest area of disturbed forest was transformed to be field crop or
upland crop area with an area of 673.42 km?, followed by mixed deciduous forest, paddy
field, hill evergreen forest, dry evergreen forest, dipterocarp forest, perennial and fruit tree,
man made construction, forest plantation, miscellaneous and surface water with areas of
479.86, 45.59, 13.72, 9.33, 8.60, 7.60, 2.27, 1.43, 0.20 and 0.18 km?, respectively.

Forest plantation.The forest plantation was increased with area of 0.53 km? or
0.04 % of the land use change. Furthermore, the largest area of forest plantation was
transformed to be field crop or upland crop area with an area of 0.82 km? followed by
disturbed forest and man made construction with areas of 0.44 and 0.06 km?, respectively.

Man made construction. The man made construction area was increased with area
of 20.19 km? or 1.42 % of the land use change. Furthermore, the largest area of man made
construction was transformed to be field crop or upland crop and perennial and fruit tree
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area with an area of 0.04 and 0.04 km?, followed by paddy field with area of 0.01 km?,
respectively.

Surface water. The surface water area was increased with area of 1.44 km? or 0.10
% of the land use change. Furthermore, the largest area of surface water was transformed to
be paddy field area with an area of 0.19 km? followed by perennial and fruit tree, forest
plantation and man made construction with areas of 0.04, 0.01 and 0.01 km? respectively.

Miscellaneous. The miscellaneous area was increased with area of 0.44 km? or
0.03 % of the land use change. Furthermore, the largest area of miscellaneous was
transformed to be hill evergreen forest area with an area of 0.84 km?, followed by mixed

deciduous forest and disturbed forest with areas of 0.37 and 0.31 km?, respectively.

Table 4-3 Changes in areas of different land use types in Nan province, 1990-2000.

Area (Square kilometers)
Land use Land use Pegpentapg ot
Year 1990 Year 2000 total
change
land use change
Paddy field 847.76 865.37 17.61 1.24
Field crop or Upland crop 2,131.25 2,720.20 588.95 41.32
Perennial or fruit tree 216.83 272.06 55.23 3.87
Dry evergreen forest 510.31 509.50 -0.81 0.06
Hill evergreen forest 1,182.65 1,088.74 -93.91 6.59
Tropical pine forest 8.49 8.06 -0.43 0.03
Mixed deciduous forest 3,801.45 3,829.71 28.26 1.98
Dipterocarp forest 432.27 419.25 -13.02 0.91
Disturbed forest 2,735.17 2,130.69 -604.48 42.41
Forest plantation 41.50 42.03 0.53 0.04
Miscellaneous 7.11 7.55 0.44 0.03
Man made construction 202.09 222.28 20.19 1.42
Surface water 46.13 47.57 1.44 0.10
Total 12,163.01 12,163.01 1,425.30 100

Source: Analysis

Remarks: Changing with positive value (+) was defined as increasing area, and

changing with negative value (-) was defined as decreasing area
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4.2.2 Land Use Change in 2000-2005

From Land use change study by import the land use map in the year 2000 to
overlay with the land use map in the year 2005, the result was showed in table 4-5, 4-6
and figure 4-9 as detail as follows:

Paddy field. The paddy field was increased with area of 15.75 km? or 0.84 % of
the land use change. Furthermore, the largest area of paddy field was transformed to be
perennial and fruit tree area with an area of 3.33 km?, followed by disturbed forest, field crop or
upland crop, man made construction and surface water with areas of 3.25, 1.44, 0.84 and 0.63
km?, respectively.

Field crop or Upland crop. The field crop or upland crop area was increased with
area of 601.64 km? or 32.08 % which was the most increasing area of land use change in
the period of 2000-2005. Furthermore, the largest area of field crop or upland crop was
transformed to disturbed forest area with an area 90.66 km?, followed by perennial and fruit
tree, man made construction, mixed deciduous forest, paddy field, dry evergreen forest,
dipterocarp forest, hill evergreen forest, forest plantation and surface water with areas of 3.82,
3.52,2.74,2.25,0.68, 0.31, 0.28, 0.19 and 0.07 km?, respectively.

Perennial and Fruit tree. The perennial and fruit tree area was decreased with area

of 15.28 km? or 0.81 % of the land use change. Furthermore, the largest area of perennial
and fruit tree was transformed to be field crop or upland crop area with an area of 22.06 km?,
followed by paddy field, disturbed forest and man made construction with areas of 4.28, 0.49
and 0.36 km?, respectively.

Dry evergreen forest. The dry evergreen forest was decreased with area of 27.02

km? or 1.44 % of the land use change. Furthermore, the largest area of dry evergreen
forest was transformed to be disturbed forest area with an area of 23.14 km?, followed by
field crop or upland crop, and man made construction with areas of 5.13 and 0.05 km?,
respectively.

Hill evergreen forest.The hill evergreen forest was decreased with area of 88.96
km? or 4.74 % of the land use change. Furthermore, the largest area of hill evergreen forest
was transformed to be disturbed forest area with an area of 70.54 km?, followed by field
crop or upland crop, perennial and fruit tree, miscellaneous, and man made construction with
areas of 19.75,1.15, 0.13 and 0.10 km?, respectively.
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Tropical pine forest. The tropical pine forest was stable with an area of 0.43 km?
or 0.02 % of the land use change.

Mixed deciduous forest. The mixed deciduous forest was decreased with area of
757.30 km? or 40.38 % which was the most decreasing area of land use changed in the
period of 2000-2005. Furthermore, the largest area of mixed deciduous forest was
transformed to be disturbed forest area with an area of 510.13 km?, followed by field crop
or upland crop, paddy field, man made construction, miscellaneous, perennial and fruit
tree, surface water and dipterocarp forest with areas of 250.10, 3.11, 0.58, 0.35, 0.10, 0.04
and 0.03 km?, respectively.

Dipterocarp forest. The dipterocarp forest was decreased with area of 35.36 km?
or 1.89 % of the land use change. Furthermore, the largest area of dipterocarp forest was
transformed to be field crop or upland crop area with an area of 25.98 km?, followed by
disturbed forest, paddy field, perennial and fruit tree and mixed deciduous forest with
areas of 7.82, 1.82, 0.21 and 0.01 km?, respectively.

Disturbed forest. The disturbed forest was increased with area of 312.39 km? or

16.66 % of the land use change Furthermore, the largest area of disturbed forest was
transformed to be field crop or upland crop area with an area of 375.07 km?, followed by
paddy field, mixed deciduous forest, perennial and fruit tree, hill evergreen forest, man
made construction, dry evergreen forest, surface water, tropical pine forest and
dipterocarp forest with areas of 12.02, 4.39, 3.17, 2.43, 0.70, 0.62, 0.52, 0.43 and 0.14
km?, respectively.

Forest plantation.The forest plantation was decreased with area of 11.84 km? or
0.63 % of the land use change. Furthermore, the largest area of forest plantation was
transformed to be disturbed forest area with an area of 5.78 km?, followed by field crop or
upland crop, paddy field, perennial and fruit tree, and man made construction with areas
of 4.30, 1.76, 0.12 and 0.07 km?, respectively.

Man made construction. The man made construction area was increased with
area of 6.15 km? or 0.33 % of the land use change. Furthermore, the largest area of man
made construction was transformed to be field crop or upland crop area with an area of

0.07 km?, followed by perennial and fruit tree with area of 0.01 km?.
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Surface water. The surface water was increased with area of 1.25 km? or 0.07 %

of the land use change. Furthermore, the largest area of surface water was transformed to

be man made construction area with an area 0.01 km?.

Miscellaneous. The miscellaneous area was decreased with area of 1.85 km? or

0.10 % of the land use change. Furthermore, the largest area of miscellaneous area was

transformed to be field crop or upland crop area with an area of 2.26 km?, followed by
disturbed forest with area of 0.07 km?.

Table 4-5 Changes in areas of different land use types in Nan province, 2000-2005.

Area (Square kilometers)

Land use Percent of total
Year 2000 | Year 2005 Land use change

land use change
Paddy field 865.37 881.12 15.75 0.84
Field crop or Upland crop 2,720.20 3,321.84 601.64 32.08
Perennial or fruit tree 272.06 256.78 -15.28 0.81
Dry evergreen forest 509.50 482.48 -27.02 1.44
Hill evergreen forest 1,088.74 999.78 -88.96 4.74
Tropical pine forest 8.06 8.49 0.43 0.02
Mixed deciduous forest 3,829.71 3,072.41 -757.30 40.38
Dipterocarp forest 419.25 383.89 -35.36 1.89
Disturbed forest 2,130.69 2,443.08 312.39 16.66
Forest plantation 42.03 30.19 -11.84 0.63
Miscellaneous 7.55 5.7 -1.85 0.10
Man made construction 222.28 228.43 6.15 0.33
Surface water 47.57 48.82 1.25 0.07
Total 12,163.01 12,163.01 1,875.22 100.00

Source: Analysis

Remarks: Changing with positive value (+) was defined as increasing area, and

changing with negative value (-) was defined as decreasing area
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Table 4-6 Matrix of land use change in Nan province, 2000 — 2005. (Un
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4.3 Predicting model for land use
4.3.1 Predicting of land use change
4.3.1.1 Land use change prediction by CA_Markov model

Findings from land use predicting in the years 2005 and 2010 by import
land use data of the years 1900 and 2000 which were the base data for analysis with
the Markov model. Derived outcomes were the probability and transition values as

shown in Table 4-7. Such probability transition values were applied to predict the land

use change for the years 2005 and 2010 with Cellular automata model. The result was
the land use map for the year 2005 and 2010 as shown in figures 4-11and 4-12.

4.3.1.2 Land use change prediction by Regression model

Land use prediction for the year 2010 was conducted by import land
use data of the years 1900 and 2000 to analyze the relationships between land use in
the years 1900 and 2000. The application of Simple Linear Regression in Forward
Stepwise was applied to study as equation 4-1. The relationship of change was shown

in figure 4-10.
Y= 0.307024+0.859429X (Equation 4-1)

Parameter value of equation was r* = 0.7817 r = 0.8841 when y
represented land use in the year 2000 and X represented the land use in the year 1990.
Such regression equation then was applied to predict the land use change for the next
10 years or the year 2010. Derived land use map for the year 2010 form Regression

was shown in figure 4-13.
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Figure 4-.10 Relationships between land use in 1990 and land use 2000 for the overall
regressions of Equation 4-1.

4.3.2 The accuracy of the prediction model

- The accuracy of the land use prediction in the year 2005 was
analysed by comparing land use map from the CA_Markov model with the land use
map in the year 2005 (Table 4-8) derived from the hybrid classification technique.
The overall accuracy was 82.12% and overall Kappa was 0.78.The overall accuracy
and overall Kappa were calculated by the following procedures:

Kk
i
_i=1
n
= ((784.92+2,594.02+246.12+411.09+882.86+7.33+2,834.29+

331.25+1,620.22+26.50+4.42+203.35+42.08) / 12,163.01)) x 100

Overall accuracy

=82.12%
k k
n-g‘lnii --glni+n+i
Overall Kappa: Khat = —= kl—
n2- >n. n .
. i+ +i
=1

= ((n x parta) — part b) / (n?- part b)
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part a

part b

Khat

= (784.92+2,504.02+246.12+411.09+882.86+7.33+2,834.29+
331.25+1,620.22+26.50+4.42+203.35+42.08)

=9,988.45

= (881.12x822.14) + (3321.84x2890.45) + (256.78x359.97) +
(482.48x434.57) + (999.78x975.74) +(8.49x7.36) +
(3072.41x3626.81) + (383.89x358.08) + (2443.08x2373.10) +
(30.19x37.29) + (5.70x6.75) + (228.43x228.39) + (48.82x42.36) =
28,737,295.87

= ((12,163.01x9,988.45) — 28,737,295.87) / ((12,163.01) —

28,737,295.87)
=0.78
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Figure 4-11 Predicted land use map of Nan province in 2005 by CA_Markov model.
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Table 4-7 Land use transitional probabilities, 1990-2000.
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4.3.3 The analysis and comparison of results from models

4.3.3.1 Results analysis and comparison between land use data by
CA_Markov model and land use data by hybrid classification technique
The land use data in Nan province by CA_Markov model in the year

2005 (Table 4-9)indicated that the mixed deciduous forest area was the largest area,

covering the area of 3,626.81 km? (29.82%) of the total area, followed by field crop or
upland crop, disturbed forest, hill evergreen forest, paddy field, dry evergreen forest,
perennial and fruit tree, dipterocarp forest, man made construction, surface water,
forest plantation, tropical pine forest and miscellaneous with areas of 2,890.45 km?
(23.76%), 2,373.10 km? (19.51%), 957.74 km? (8.02%), 822.14 km? (6.76%), 434.57
km? (3.57%), 359.97 km? (2.96%), 358.08 km? (2.94%), 228.39 km? (1.88%), 42.36
km? (0.35%), 37.29 km? (0.31%), 7.36 km? (0.06%) and 6.75 km? (0.06%) of the total

area, respectively.

Table 4-9 Land use data in 2005 by CA_Markov model.

Area in the Year 2005
Land use types
Square kilometers Percentage
Paddy field 822.14 6.76
Field crop or Upland crop 2,890.45 23.76
Perennial or fruit tree 359.97 2.96
Dry evergreen forest 434.57 3.57
Hill evergreen forest 975.74 8.02
Tropical pine forest 7.36 0.06
Mixed deciduous forest 3,626.81 29.82
Dipterocarp forest 358.08 2.94
Disturbed forest 2,373.10 19.51
Forest plantation 37.29 0.31
Miscellaneous 6.75 0.06
Man made construction 228.39 1.88
Surface water 42.36 0.35
Total 12,163.01 100.00

Source: Analysis
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The comparison of land use pattern in the year 2005 derived from the
CA_Markov model and that derived from classification by satellite image Landsat-
5TM using the hybrid method (table 4-10), revealed that the largest different area in
mixed deciduous forest was 554.40 km? (41.64%) while the different in field crop or
upland crop was 431.39 km? (32.40%) of the total difference area respectively. The
result of comparative land use pattern in the year 2005 between the classification by
Landsat image and the CA_Markov model could be concluded as table 4-10.

Table 4-10 Comparative land use in 2005 between classification by Landsat image
and CA_Markov model.

Area (Square kilometers)
Land use g Year 2005 Different Percentage of
by CA_Markov
e by classification areas different areas
Paddy field 822.14 881.12 58.98 4.43
Field crop or Upland crop 2,890.45 3,321.84 431.39 32.40
Perennial or fruit tree 359.97 256.78 103.19 7.75
Dry evergreen forest 434.57 482.48 47.91 3.60
Hill evergreen forest 975.74 999.78 24.04 1.80
Tropical pine forest 7.36 8.49 1.13 0.08
Mixed deciduous forest 3,626.81 3,072.41 554.40 41.64
Dipterocarp forest 358.08 383.89 25.81 1.94
Disturbed forest 2,373.10 2,443.08 69.98 5.26
Forest plantation 37.29 30.19 7.10 0.53
Miscellaneous 6.75 5.70 1.05 0.08
Man made construction 228.39 228.43 0.04 0.00
Surface water 42.36 48.82 6.46 0.49
Total 12,163.01 12,163.01 1,331.48 100.00

Source: Analysis

It could be summarized that the CA_Markov model was suitable for
estimation of changes in land use. The comparison of the land use map from the
CA _Markov model with the land use information derived from the hybrid

classification technique found that the difference in land use was 1,331.48 km?
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(10.95% of total area). Overall accuracy was 82.12% and overall Kappa was 0.78
which were acceptable.

4.3.3.2 Results analysis and comparison between the land use data by
CA_Markov model with land use by Regression model.

The predicting land use in the year 2010 by CA_Markov model (Table
4-11) indicated that the mixed deciduous forest area was the largest area, covering the

area of 3,510.88 km? (28.87%) of the total area, followed by field crop or upland crop,
disturbed forest, hill evergreen forest, paddy field, dry evergreen forest, perennial and
fruit tree, dipterocarp forest, man made construction, surface water, forest plantation,
tropical pine forest and miscellaneous with areas of 3,111.24 km? (25.58%), 2,331.99
km® (19.17%), 870.29 km® (7.16%), 822.41 km* (6.76%), 434.51 km* (3.57%),
394.76 km? (3.25%), 353.10 km? (2.90%), 240.93 km? (1.98%), 42.94 km? (0.35%),
36.78 km?® (0.30%), 6.73 km® (0.06%) and 6.45 km? (0.05%) of the total area,

respectively.

Table 4-11 Land use data in 2010 by CA_Markov model.

N 7 Area in Year 2010
Square kilometers Percentage
Paddy field 822.41 6.76
Field crop or Upland crop 3,111.24 25.58
Perennial or fruit tree 394.76 3.25
Dry evergreen forest 43451 3.57
Hill evergreen forest 870.29 7.16
Tropical pine forest 6.73 0.06
Mixed deciduous forest 3,510.88 28.87
Dipterocarp forest 353.10 2.90
Disturbed forest 2,331.99 19.17
Forest plantation 36.78 0.30
Miscellaneous 6.45 0.05
Man made construction 240.93 1.98
Surface water 42.94 0.35
Total 12,163.01 100.00

Source: Analysis
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The predicting of land use in the year 2010 by Regression model (Table 4-
12) indicated that the mixed deciduous forest area was the largest area, covering the area of

3,843.97 km* (31.60%) of the total area, followed by field crop or upland crop, disturbed
forest, hill evergreen forest, paddy field, dry evergreen forest, dipterocarp forest, perennial
and fruit tree, man made construction, surface water, forest plantation, tropical pine forest
and miscellaneous with areas of 2,694.32 km? (22.15%), 2,142.03 km? (17.61%), 1,091.38
km? (8.97%), 869.52 km? (7.15%), 511.09 km? (4.20%), 420.24 km? (3.46%), 271.82 km?
(2.24%), 215.81 km? (1.77%), 46.36 km? (0.38%), 42.03 km? (0.35%), 8.06 km? (0.07%)
and 6.38 km? (0.05%) of the total area, respectively.

Table 4-12 Land use data in 2010 by Regression model.

Land use tpes Area in Year 2010
Square kilometers Percentage
Paddy field 869.52 7.15
Field crop or Upland crop 2,694.32 22.15
Perennial or fruit tree 271.82 2.24
Dry evergreen forest 511.09 4.20
Hill evergreen forest 1,091.38 8.97
Tropical pine forest 8.06 0.07
Mixed deciduous forest 3,843.97 31.60
Dipterocarp forest 420.24 3.46
Disturbed forest 2,142.03 17.61
Forest plantation 42.03 0.35
Miscellaneous 6.38 0.05
Man made construction 215.81 1.77
Surface water 46.36 0.38
Total 12,163.01 100.00

Source: Analysis

The comparison of land use pattern in the year 2010 derived from the
CA _Markov model and Regression model (Table 4-13), revealed that the largest
difference in field crop or upland crop was 416.92 km? (27.61%) followed by the
difference of mixed deciduous forest area as 333.09 km? (22.06%) of the total differences

of all area respectively. The result of comparative land use pattern in the year 2010
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between classification by CA_Markov model and Regression model could be conclude as
table 4-13.

Table 4-13 Comparative land use in 2010 between CA_ Markov model and
Regression model.

Area (Square Kilometers)
Land use types Year 2010 Year 2010 Different Percentage
by CA_Markov by Regression of different
model model . areas

Paddy field 822.41 869.52 47.11 3.12
Field crop or Upland crop 3,111.24 2,694.32 416.92 27.61
Perennial or fruit tree 394.76 271.82 122.94 8.14
Dry evergreen forest 434.51 511.09 76.58 5.07
Hill evergreen forest 870.29 1,091.38 221.09 14.64
Tropical pine forest 6.73 8.06 1.33 0.09
Mixed deciduous forest 3,510.88 3,843.97 333.09 22.06
Dipterocarp forest 353.10 420.24 67.14 4.45
Disturbed forest 2,331.99 2,142.03 189.96 12.58
Forest plantation 36.78 42.03 5.25 0.35
Miscellaneous 6.45 6.38 0.07 0.00
Man made construction 240.93 215.81 25.12 1.66
Surface water 42.94 46.36 3.42 0.23
Total 12,163.01 12,163.01 | 1,510.02 100.00

Source: Analysis

In summary the results of the estimation of changes in land use in the year
2010 from the CA_Markov model and those from the Regression model which was the
estimation of land use in the next 10 years based on land use patterns in the year 1990 and
2005 for the geographic information system showed very slight differences. The
comparison of land use pattern derived from the estimation using the CA_Markov model
with those derived from the Regression model found that the difference of land use was
1,510.02 km? (12.41% of total areas). Overall accuracy was 89.81% while overall Kappa
was 0.87. This indicated that the similarity of the results from both models was 87%, or, in
other words, the result from both models showed only 13% difference. Overall accuracy
and overall Kappa were calculated by the following procedures:
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Overall accuracy

Overall Kappa: Khat

Part a

part b

Khat
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=((777.03+2,642.03+271.54+434.49+869.65+6.72+3,493.65
+353.00+1,788.77+36.63+5.76+202.05+42.08) / 12,163.01)
X 100

=89.81 %
k Kk
W e || N
> LI
k
nz-Zn. n .
. i+ +1
=1

= ((n x part a) — part b) / (n?- part b)

= (777.03+2,642.03+271.54+434.49+869.65+6.72+3,493.65

+353.00+1,788.77+36.63+5.76+202.05+42.08)

=10,923.34

= (822.41x869.52) + (3,111.24x2,694.32) + (394.76x271.82) +

(434.51 x511.09) + (870.29x1,091.38) +(6.73x8.06) +

(3,510.88x3,843.97) + (353.10x420.24) + (2,331.99x2,142.03)

+ (36.78x42.03) + (6.45x6.38) + (240.93x215.81) +

(42.94%46.36)

= 29,071,896.32

= ((12,163.01x10,923.34) - 29,071,896.32) /((12,163.01)?
—29,071,896.32)

=0.87
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4.4 Comparison between land use and land suitability maps for economic crops

in Nan province

Soil Survey and Land Classification Division (1999) classified land suitability

for Thai economy into 5 classes. For this study, land suitability map was the subject

of the study to find out the suitable soils for Rice, Corn and Logan as well as to

compare between the soils suitability map and the land use map of Nan province. The

result of the study was presented as the following.

moderately suited; 4) poorly suited; 5) unsuited.

The suitability map consists of 5 classes: 1) very well suited; 2) well suited; 3)

Table 4-15 Soil suitability classification for the economic crops; rice, corn, longan.

Suitability Classes

No. Soilname
Rice Corn Longan
1 Chaing Rai series well suited well suited moderately suited
2 Hang Dong series moderately suited | moderately suited | moderately suited
3 Nan series well suited well suited moderately suited
4 That Phanom series well suited well suited moderately suited
5 Yasothon series moderately suited well suited well suited
6 Ban Chong/Mae Rim Association moderately suited | moderately suited | moderately suited
7 Chaing Khan/Hang Chat Association moderately suited | moderately suited well suited
8 Chaing Khan/Mae Rim Association moderately suited | moderately suited well suited
9 Hang Dong/Mae Sai Association moderately suited | moderately suited | moderately suited
10 Hang Dong/Nan Association moderately suited | moderately suited | moderately suited
11 Korat/Mae Rim Association well suited well suited well suited
12 Korat/Mae Rim/Yasothon Association well suited well suited well suited
13 Korat/San Pa Tong Association well suited well suited well suited
14 Korat/San Pa Tong/Yasothon Association well suited well suited well suited
15 Korat/YYasothon/Chaing Rai Association well suited well suited well suited
16 Mae Rim/Hang Chat Association moderately suited | moderately suited well suited
17 Muak Lek/Chaing Khan Association moderately suited | moderately suited well suited
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Table 4-15 (cont.) Soil suitability classification for the economic crops; rice, corn, longan

Suitability Classes

No. Soilname

Rice Rice Rice
17 Muak Lek/Chaing Khan Association moderately suited | moderately suited well suited
18 Xsl;%tizglgfhaing Khan/Hang Dong moderately suited | moderately suited well suited
19 Tha Muang/Sanphaya Association well suited moderately suited | moderately suited
20 Tha Yang/Lat Ya Association moderately suited | moderately suited | moderately suited
21 Tha Yang/Lat Ya/Ban Chong Association moderately suited | moderately suited | moderately suited
22 Tha Yang/Lat Ya/Chaing Khan Association moderately suited | moderately suited | moderately suited
23 Tha Yang/Lat Ya /Muak Lek Association moderately suited | moderately suited | moderately suited
24 ;Zio\ggt?éruak LEbEIEEm Cliene moderately suited | moderately suited | moderately suited
25 22201;2%2/' L L AT [ moderately suited | moderately suited | moderately suited
26 ;E;S:ang/Mae R AsserEleng geTERL moderately suited | moderately suited | moderately suited
27 ;E:S:ang/Mae R A ESOEETE gy moderately suited | moderately suited | moderately suited
28 Pak Chong dark brown variant moderately suited | moderately suited | moderately suited
29 Eﬁ:sé:hong Mot S I (] moderately suited | moderately suited | moderately suited
30 Ban Chong Motted variant-rolling phase moderately suited | moderately suited | moderately suited
31 Ban Chong-undulating phase moderately suited | moderately suited | moderately suited
32 Ban Chong-rolling phase moderately suited | moderately suited | moderately suited
33 Chaing Khan-undulating phase moderately suited | moderately suited well suited
34 Chaing Khan-rolling phase moderately suited | moderately suited well suited
35 Hang Chat-undulating phase moderately suited well suited well suited
36 Hang Chat-rolling phase moderately suited well suited well suited
37 Mae Rim-undulating phase moderately suited | moderately suited well suited
38 Mae Rim-rolling phase moderately suited | moderately suited well suited
39 Slope Complex unsuited unsuited unsuited
40 | Alluvial Soil poorly drained poorly suited unsuited unsuited
41 Rock Land,steepsided limestone outcrops unsuited unsuited unsuited
42 Rock Land,steeply dissected shale outcrops unsuited unsuited unsuited
43 Badland residuum and colluvium from poorly suited unsuited unsuited

sandstone and old alluvium
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while the suitable areas for paddy field suitability classes were shown in table 4-16.

The classes of soil suitability were as follows:

Table 4-16 Soil suitability classes and area of Paddy field in Nan province.

No.Class Suitability Classes Area km? Percentage of area
1 very well suited 0.00 0.00
2 well suited 253.04 2.08
3 moderately suited 1,474.50 12.12
4 poorly suited 50.06 0.41
5 unsuited 10,385.41 85.39
Total 12,163.01 100.00

Source: Analysis

Table 4 — 16 also showed that the unsuited area for paddy field was the

largest area followed by moderately suited, well suited and poorly suited soils,

respectively, while there had no very well suited area for paddy field in Nan province.

Taken the paddy field maps in the year 1990, 2000, 2005 and 2010 (from

the CA_Markov model and Regression model) to overlay with the soil suitability map for

paddy fields in Nan province, the soil suitable classification for paddy field were resulted

in table 4-17.

It was shown that (table 4 — 17) paddy field areas in Nan province were

mostly in moderately suited, well suited and unsuited soil, respectively. Prediction using

the CA_Markov model and the Regression model found an increase in rice planting area

in the unsuited soil in the year 2010.

Table 4-17 The paddy field areas and percentage in each soil suitability area of paddy
field in 1990, 2000, 2005 and 2010 of Nan province.

Suitabiicy | P20 Field 1990 | Paddy Field 2000 | Paddy Field 2005 ng‘i‘,’\gfk'gf%loodé?)y P""R‘l‘ge';'se“'; znggge(lt))y
Classes (ﬁ:ﬁ?} % ('E:s?) % (ﬁ:ﬁ% % Area km?) % Area km?) %
well suited | 132.71 | 15.65 | 127.62 | 1475 | 127.10 | 14.42 112.01 13.73 127.79 14.77
moﬁ[:;e'y 576.90 | 68.05 | 58059 | 67.09 | 595.62 | 67.60 548.89 66.74 581.38 67.18
F;Si)tre'é’ 3414 | 403 | 3223 | 372| 3225| 366 30.08 3.66 32.26 373
unsuited | 104.01 | 12.27 | 124.93 | 14.44 | 12615 | 14.32 13053 15.87 123.95 14.32
Total 847.76 | 10.000 | 865.37 | 100.00 | 881.12 | 100.00 822.41 | 100.00 865.38 | 100.00

Source: Analysis




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appro Techno for Resource Devel) / 71

600

500

Area (km2)

Paddy Field Paddy Field Paddy Field Paddy Field Paddy Field

1990 2000 2005 2010 (By 2010 (By
CA_Markov  Regression
Model) Model)

Year 1990-2010

‘EI well suited B moderately suited B poorly suited B unsuited ‘

Figure.4-14 The comparison of Paddy field suitability class area in 1990, 2000, 2005
and 2010 of Nan province.
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Figure 4-15 Soil suitability map for Paddy Field.
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4.4.2. Soil suitability classesand areafor Corn
The soil suitability map for corn was shown in figure 4-17 and the

suitable areas for corn suitability classes were shown in table 4-18. The classes of soil

suitability were as follows:

Table 4-18 Soil suitability classes and area for corn in Nan province.

No.Class Suitability Classes Area km? Percentage of area
1 very well suited 0.00 0.00
2 well suited 296.64 2.44
3 moderately suited 1,430.89 11.76
4 poorly suited 0.00 0.00
5 unsuited 10,435.48 85.80
Total 12,163.01 100.00

Source: Analysis

Table 4 — 18 showed that the unsuited area for corn plantation was the
largest area, followed by moderately suited and well suited soils, respectively.

Taken the field crop or upland crop maps in the year 1990, 2000 and
2005 and 2010 (from the CA_Markov model and Regression model) to overlay with
the soil suitability map for corn in Nan province, the soil suitable classification for
corn plantation area was shown in table 4-19.

The result indicated that corn plantation area in Nan province mostly
planted in unsuited, moderately suited and well suited soil, respectively. It was also
predicted that during the period 1990-2005, corn growing in unsuited land would be
continuously increaed. Prediction using the CA_Markov model and the Regression

model also found a decrease in corn planting area in soil unsuited in the year 2010.

Table 4-19 The corn plantation areas and percentage in each soil suitability area for
field crop in 1990, 2000, 2005 and 2010 of Nan province.

Corn 2010 (by Corn 2010 (by
Suitability Corn 1990 Corn 2000 Corn 2005 CA_Markov model) Regression model)
|
S ke L e | | e | % | | % | hen |
well suited 24.32 1.14 27.06 1.00 28.86 0.87 25.88 0.83 26.84 0.99
moderately
suited 272.56 12.79 280.27 10.30 335.58 10.10 284.95 9.16 279.01 10.26
unsuited 1,834.37 86.07 | 2,412.87 88.70 | 2,957.40 89.03 | 2,800.41 90.01 | 2,414.35 88.75
Total 2,131.25 | 100.00 | 2,720.20 100.00 | 3,321.84 100.00 | 3,111.24 | 100.00 | 2,720.20 100.00

Source: Analysis
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Figure.4-16 The comparison of field crop suitability class area in 1990, 2000, 2005 and 2010
of Nan province.
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Figure 4-17 Soil suitability map for Corn.
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4.4.3. Soil suitability classes and areafor Orchard (Longan)

The soil suitability map for orchard (longan) shown in figure 4-19 and
the suitable areas for orchard (longan) suitability classed were shown in table 4-20.
The classes of soil suitability were as follows:

Table 4-20 Soil suitability classes and area for orchard (Longan) in Nan province.

No.Class Suitability Classes Area (km?) Percentage of area
1 very well suited 0.00 0.00
2 well suited 670.40 5.51
3 moderately suited 1057.13 8.69
4 poorly suited 0.00 0.00
5 unsuited 10435.48 85.80
Total 12163.01 100

Source: Analysis

Table 4-20 also showed that unsuited area for orchard (longan) was the

largest area followed by moderately suited and soil well suited soils, respectively.

Taken the orchard maps in the year 1990, 2000 and 2005 and 2010 (from
the CA_Markov model and Regression model) to overlay with the soil suitability map for
Longan in Nan province, the soil suitable classification was shown in table 4-21.

It was presented that (Table 4 — 21) orchard (longan) areas in Nan province

were in moderately suited, well suited and unsuited soils, respectively. Prediction using the

CA_Markov model and the Regression model also found an increase in orchard (longan)

planting in moderately suited, well suited and unsuited soils in the year 2010.

Table 4-21 The orchard plantation areas and percentage in each soil suitability area for
orchard in 1990, 2000, 2005 and 2010 of Nan province.

Orchard Orchard Orchard Orchard 2010 (by Orchard 2010 (by
Suitability 1990 2000 2005 CA_Markov model) Regression model)
Classes (/;:ﬁ?) % (/;;?) % (ﬁ;ﬁ% % Area km? % Area km? %
well suited 84.16 38.81 105.94 | 38.94 102.93 40.09 141.85 35.93 105.57 38.80
moscfjei[:;e'y 99.32 | 4581 | 11159 | 41.02 | 9525 | 37.10 167.70 | 4248 11155 |  41.00
unsuited 33.35 15.38 54,53 | 20.04 58.57 22.81 85.21 21.59 54.95 20.20
Total 216.83 100.00 272.06 100 256.75 100.00 394.76 100.00 272.07 100.00

Source: Analysis
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Figure 4-18 The comparison of orchard suitability class area in 1990, 2000, 2005 and
2010 of Nan province.
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Figure 4-19 Soil suitability map for Longan.
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CHAPTER V
CONCLUSION AND RECOMMENDATION

The application of Geo-Informatics, CA_Markov model and Regerssion
model were used to analyze and predict land use change in Nan province. The

results of the study were concluded as follows:

5.1 Conclusion

1. The land use types in Nan province in the year 1990, 2000 and 2005 were
presented as follows:

1.1 Land use in 1990 was classified into 13 categories; mixed
deciduous forest area covered the largest area as 3,801.45 km? (31.25%) of the total
area, followed by disturbed forest and field crop or upland crop with the areas of
2,735.17 km? (22.49%), and 2,131.25 km? (17.52) of the total area respectively.

1.2 Land use in 2000 was classified into 13 categories; mixed
deciduous forest area covered the largest area as 3,829.71 km? (31.49%) of the total
area, followed by field crop or upland crop and disturbed forest with the areas of
2,720.20 km? (22.36%) and 2,130.69 km? (17.52%) of the total area respectively.

1.3 Land use in 2005 was classified into 13 categories; field crop or
upland crop area covered the largest area as 3,321.84 km? (27.31%) of the total area,
followed by mixed deciduous forestand disturbed forest with the areas of 3,072.41
km? (25.26%) and 2,443.08 km? (20.09%) of the total area respectively.

The accuracy of land use in the year 2005 identified by hybrid

classification technique provided the overall accuracy at 84.24% and of 0.81 for

overall Kappa.
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2. Land use change in Nan province in various periods was summarize as
follow.

2.1 The total area of change in land use in Nan province during the
period of 1900- 2000 was 1,425.30 km?. Disturbed forest had the most changes with a
decrease area of 604.48 km? (42.41%). The second most changed area was field crop
or upland crop with an increase area of 588.95 km® (41.32%), followed by hill
evergreen forest with a decrease area of 93.51 km® (6.59%), respectively. It was
indicated that field crop or upland crop area had been increased. It might be due to a
higher demand of population and economic growth, resulted in destruction of the
disturbed forest and hill evergreen forest areas, resulted to the decrease of these two
forest areas.

2.2 The total area of change in land use in Nan province during the
period of 2000- 2005 was 1,875.22 km? Mixed deciduous forest had the most
changes with a decrease area of 757.30 km? (40.38%). The second most changed area
was field crop or upland crop with an increase area of 601.64 km? (32.08%), followed
by disturbed forest with an increase area of 312.39 km? (16.66%), respectively. This
indicated that, land use in 5 year period, the areas of mixed deciduous forest and
disturbed forest would have a greater decrease than other areas. This resulted from an
increased demand for agricultural area, which was supported by the significant
increase in field crop or upland crop area.

3. Land use change prediction in Nan province were detailed as follows.

3.1 The land use prediction in Nan province by CA_makov model in
the year 2005 indicated that the mixed deciduous forest area covered the largest area,
as 3,626.81 km? (29.82%) of the total area, followed by field crop or upland crop and
disturbed forest with areas of 2,890.45 km? (23.76%) and 2,373.10 km? (19.51%) of
the total area respectively.

The accuracy of land use the prediction in the year 2005 was analysed
by comparing land use map from the CA_Markov model with the land use map in the
year 2005 which was derived from the hybrid classification technique provided the
overall accuracy of 82.12% and of 0.78 for overall Kappa.

3.2 The predicting of land use in the year 2010 by CA_Markov model

indicated that the mixed deciduous forest area was the largest area, as 3,510.88 km?
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(28.87%) of the total area, followed by field crop or upland crop and disturbed forest
with areas of 3,111.24 km? (25.58%) and 2,331.99 km® (19.17%) of the total area
respectively.

The predicting land use pattern in the year 2010 by Regression model
indicated that the mixed deciduous forest area was the largest area, as 3,843.97 km?
(31.60%) of the total area, followed by field crop or upland crop and disturbed forest
with areas of 2,694.32 km? (22.15%) and 2,142.03km? (17.61%) of the total area
respectively.

The comparison of land use pattern in the year 2010 derived from the
prediction using the CA_Markov model with those derived from the Regression
model found that the difference of land use was 1,510.02 km? (12.41% of total areas).
Overall accuracy was 89.81% while overall Kappa was 0.87. It meant that the
similarity of the results from both models was 87%, or, in other words, the result from
both models showed 13% only in difference.

4. Comparison between the land use and the land suitability maps for
economic crop in Nan province, the results could be summarized as follows:

4.1 The most paddy field areas in Nan province were located in
moderately suited, well suited and unsuited areas, respectively. Prediction using the
CA_Markov model and the Regression model also found an increase area for rice
planting in the unsuited in the year 2010.

4.2 The most corn plainting areas in Nan province were located in
unsuited, moderately suited and well suited areas, respectively. During the period of

1990-2005, corn growing in unsuited land would be continuously increased. Beside,

prediction using the CA_Markov model and the Regression model also found the
decrease in rice planting area in unsuited in the year 2010.

4.3 The most orchard (Longan) areas in Nan province were located in
moderately suited, well suited and unsuited areas respectively. Prediction using the
CA_Markov model and the Regression model found the increase in orchard plantation

area in moderately suited, well suited and unsuited in the year 2010.
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5.2 Recommendation

1. According to the land use maps applied as the reference database for land
use classification for this study derived from the Land Development Department and
National Park, Wildlife and Plant Conservation Department were different. The land
use map for the year 1990 was classified by using “aerial photograph” whiles the land
use map for the year 2000 was classified from the Landsat satellite image. Therefore
the results and accuracy for the land use maps for the year 1900 and 2000 were
different from the original sources.

2. The limitation for land use classification by using Lansat-5TM in the years
1990 and 2000 could not do the ground truth survey. Only the training areas were set
up in accordance with the land use map from the Land Development Department and
National Park, Wildlife and Plant Conservation Department. Therefore the land use
prediction in the year 2005 by the CA_Markov model which used the land use map in
the years 1990 and 2000 as base data to study was different from the land use map in
the year 2005 which was derived from the land use classification by Landsat-5 TM
incorporate with ground truth survey. It was resulted in the land use prediction for the
year 2010 by CA_Markov model and Regression model probably varied and different
from the truth.

3. Another limitation of Markov chain was the time duration for land use
change prediction it should be the same time period for database used in the study.
However, this study aimed to study land use change in the year 2005 derived from
the CA_Markov model compare with the result from land use classification in the
year 2005 by the Hybrid classification, Landsat-5 TM. So the result from the
prediction was different according to the time duration for land use prediction in the
year 2005 by the CA_Markov model (time duration change was 5 years) was derived
from land use change for the period of 10 years (during 1990-2000).

4. The limitation in land use classification from satellite images by visual
classification without any ground truth survey data and conduct the Post classification
in the year 1990 and 2000 resulted in error in land use classification such as forest
type classification, and etc.

5. Land use maps in the years 1990 and 2000 which were used as reference
database for land use classification derived from the Land Development Department
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and the National Park, Wildlife and Plant Conservation Department were interpreted
by different land use system and methodology. This could probably result in
misclassification in land use type.

6. The result from land use prediction for the year 2010 showed the trend of
increase forest area. It was different from the real situation of forest area in the period
of 2000-2005 which trend to decrease. It could be explained that the land use
prediction for the year 2010 by the CA_Markov model and Regression model applied
the land use maps in the years 1990 and 2000 as database for land use prediction
while the land use map for such period (1990 and 2000) has the limitation as

aforementioned in item 3.
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A Y o w .. . a 1 09)1 A o 9 A
AITNN A-1 LAANUDIINA (limitation) mmﬂmmaz%ummmmzﬁuwumﬂ%ﬂgﬂW%

¥HAVDITOINA

Y
FUANUNINZ AUV RTINSV

2 3 4 5
o mwﬁyuﬁ (%) (topography) - - 2-5 >5
L‘ﬁ?@au (texture) 130 Sil, 1, scl, sl,si s, Is clay
ﬂ?uaumﬂﬁu (particle size class) clay (2:1) (unripe)
ﬂ?NﬁﬂﬁWU%ﬂﬂWﬂu%ﬁ (%3.) 50-100 25-50 15-25 <15
(consolidated layer)
ﬂ??uﬁﬂﬁWUfﬁl}ﬂuﬂi’Jﬂ >35% (B.) 50-100 25-50 15:28 <15
(gravel >35%)
FuituTrg (% voait1ift) (rockiness) 0.1-2 2-10 10-50 >50
RoutiuTng (% veai1f) (stoniness) 0.1-3 3-15 15-50 >50
ANWANUBIAY (dS/m) (salinity) 2-4 4-8 8-12 >12
n19g szjﬁ”wmﬁu (drainage) - - md Wd,sex,ex
5umwmﬂmigﬂﬁywim @%9A)) 1/10-15 1/6-9 1/3-5 1/1-2

(flooding hazard)

Wduru 1@ (permeability)

) e <
AUV | Yunag ABDUUN 13300

<3 <3

157-157
mmqmauy‘mfmmﬁu A 5 - -
(nutrient status)
ANUUNTAYEIAY (pH) 6.6-7.3, 4.5-5.0 3.5-4.4 3.5
(acidity) 5.1-5.5

3| 1 a ..

AU UA 19 UD AN (pH) (alkalinity) - 7.4-7.8 7.9-8.4 >8.4
ANUANNNUFUAUATARINZTY (1. 100-150 50-100 25-50 <25
(acid sulfate layer)
NSNTOUVDIAU (erosion) - - - aniey
ANUNUVIFUAUDUNT S (53.) 10-20 20-40 40-100 >100

(organic horizon)

N1 - (NIAITIWASIWUNAY, 2541)
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¥HAVDITOINA

Y
FUANUMINZ AUV UFIHMTVI TN

2 3 4 5
o mwﬁyuﬁ (%) (topography) D 5-12 12-20 >20
L‘ﬁ?@au (texture) 130 clay (2:1) sl s, Is clay
ﬂ?uaumﬂﬁu (particle size class) (unripe)
muﬁnﬁwu%umuu%a (6u.) 50-100 25-50 15-25 <15
(consolidated layer)
ﬂ??uﬁﬂﬁWUfg{ﬂuﬂi’Jﬂ >35% (B.) 50-100 25-50 5325 <15
(gravel >35%)
FuituTng (% voaitui) (rockiness) 0.1-2 2-10 10-50 >50
AouiuTna (% voaitui) (stoniness) 0.1-3 3-15 15-50 >50
ANWANUBIAY (dS/m) (salinity) - 2-4 4-8 >8
msszmﬂﬁywmﬁu (drainage) - spd pd,sex,ex vpd
5umwmﬂmigﬂﬁywim @%9A)) 1/10-15 1/6-9 1/3-5 1/1-2
(flooding hazard)
hEulg (permeability) ARUTIT | 157, 90 5210 | Fwnn
Aoutnagn

ﬂ??llq@]llﬁlluﬁﬂfﬂ]@ﬂau G%W 7 - -
(nutrient status)
ANUUNTAYEIAY (pH) 6.6-7.3 5.1-5.0 3.5-5.0 <35
(acidity)
AN UAYDIAY (pH) (alkalinity) - 7478 | 7.9-84 >8.4
mmﬁﬂﬁwuguﬁumﬂﬁmzﬁu (8.) 100-150 50-100 25-50 <25
(acid sulfate layer)
M3NTOUVDIAU (erosion) @ndos | 1hunans | guuss | guusg

un
ATUNNYIFUAUBUNTE (1) - 10-20 20-40 >40

(organic horizon)

U1 5 (NBIAITINLASIWUNAY, 2541)
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i ldalgnie

¥iAveItoIna

A
FuANMHIEaNYRIAUd I Ua o

2 3 4 5
amwﬁfuﬁ (%) (topography) 5-12 12-20 20-35 >35
L‘ﬁ?ﬁla U (texture) 1130 Coarse- sandy clay
ﬂ?uaumﬂﬁu (particle size class) loamy (unripe)
ﬂﬁJﬁﬂﬁWU%ﬂﬂWﬂlL%ﬁ (6u.) 100-150 50-100 25-50 <25
(consolidated layer)
ﬂ')nJﬁﬂﬁW‘Uﬁ}ﬂuﬂi’Jﬂ >35% (B.) 50-100 25-50 15-25 <15
(gravel >35%)

FuituTng (% voaitui) (rockiness) 0.1-2 2-10 10-50 >50

AouiuTna (% voaitui) (stoniness) 0.1-3 3-15 15-50 >50

ANWANUBIAY (dS/m) (salinity) - 2-4 4-6 >6

n139 szjﬁ”wmﬁu (drainage) - sex, spd ex pd,vpd

5umwmﬂmigﬂﬁywim @%9A)) 1/16-20 1/10-15 1/6-9 1/1-5

(flooding hazard)

hEulg (permeability) ApuUTT | 157, 90 Sann | Fwn

Aoudnasn

ﬂ??llq@]llﬁlluﬁﬂfﬂ]@ﬂau @%1 F - -

(nutrient status)

ANUUNTAYEIAY (pH) 5.6-6.0 5.1-5.5 3.5-5.0 <35

(acidity) 6.6-7.3

AN UAYDIAY (pH) (alkalinity) - 7.4-78 7.9-8.4 >8.4

mmﬁﬂﬁwuguﬁumﬂﬁmzﬁu (8.) 100-150 50-100 25-50 <25

(acid sulfate layer)

M3NTOUVDIAU (erosion) @ndfos | 1hunans JUUTY | JUNIY
un

ATUMYIFUAUBUNTS (31.) - 10-20 20-40 >40

(organic horizon)

U1 5 (NBIAITINLASIWUNAY, 2541)
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