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Abstract. Urbanization is very closely linked to industrialization, commercialization or overall
economic growth and development. This results in innumerable benefits of the quantity and
quality of the urban environment and lifestyle but on the other hand contributes to unbounded
development, urban sprawl, overcrowding and decreasing standard of living. Regulation and
observation of urban development activities is crucial. The understanding of urban systems that
promotes urban growth are also essential for the purpose of policy making, formulating
development strategies as well as development plan preparation. This study aims to compare
two different stochastic regression modeling techniques for spatial structure models of urban
growth in the same specific study area. Both techniques will utilize the same datasets and their
results will be analyzed. The work starts by producing an urban growth model by using
stochastic regression modeling techniques namely the Ordinary Least Square (OLS) and
Geographically Weighted Regression (GWR). The two techniques are compared to and it is
found that, GWR seems to be a more significant stochastic regression model compared to OLS,
it gives a smaller AICc (Akaike’s Information Corrected Criterion) value and its output is more
spatially explainable.

1. Introduction

Urbanization accommodates the driving factor and serves as a stimulant for growth and development
in an area or a country. The three main factors that control the continual growth of an urban area are
urban commerce, population increase and chains of goods and information networks. Urban growth
and commerce are related to each other and inseparable. Urban areas serve as a platform for economic
growth. Commercial and industrial activities usually concentrate in urban areas because of the
convenience these areas offer. Furthermore, urban areas also had a more organized road network
which leads to a fast and efficient transportation and highly productive labor markets.

Moreover, urban areas also aid the spread of products, ideas and human resources between urban,
sub-urban and the rural areas. In turn, industries and commercial activities in cities attract other
associated services to support them and this interdependency provides the urban areas with more
competitive advantages. In addition, the population increased and leads to urban expansion.
Concurrently, in most developing countries, natural increase contributes as much as that by rural-
urban migration to the increase in urban population. Rearrangement of city boundaries also contributes
to urban growth. The increase in the urban population has various social and economic implications,
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which in turn has an effect on the environment. Rural-urban migration itself conveys many problems,
closely tied to employment, housing and other basic amenities [1]. The rate of urban growth cannot be
measured directly. Therefore, in this study regression modeling technique is used to model it.

Research works that use the stochastic regression model technique such as Cellular Automata,
SLEUTH Model and Neural Network. Overall, GWR is the most used model for urban growth
prediction. Some of the examples OLS and GWR method to model urban land use changes in Penang
Island [2] and Sungai Petani [3], Minimum Density (MD) Procedure and GWR [4], Classic Logistic
Regression and GWR [5], logistic regression and GWR model [6].Meanwhile, Multiple Linear
Regression and GWR are used for modeling the spatial structure of urban heat island in the city of
Wroclaw , Poland [7]. Moreover, Global Regression method [8], Principal Components Analysis and
GWR are applied for Northern Ireland [9]. GWR are also applied in other field such as deforestation in
Mexico [10] and hotel room price [11].

2. Urban Growth Model
Regression model is a model that has both deterministic and stochastic components. It can be
expressed by equation Y~ p(y|x) which states that, for a given x, Y is generated at random from a
probability distribution whose mathematical form is p(y|x). It also allows you to make a “what-if”
prediction as to the value of Y. In the deterministic components, these predictions will depend on the
value of x but stochastic components do not allow precise value of y fo be determined [12]. A
probabilistic / stochastic model use ranges of values for variables in the form of probability
distributions. The words "Stochastic" means being or having a random variable. A stochastic model is
a tool for estimating probability distributions of potential outcomes by allowing random variation in
one or more inputs over time. The random variation is usually based on fluctuations observed in
historical data for a selected period using standard time-series techniques. Distributions of potential
outcomes are derived from a large number of simulations (stochastic projections) which reflect the
random variation in the input(s) [13]. The relationship can be derived by Y ~ p(y).

Two stochastic regression model techniques are adapted in this study, namely OLS and GWR. OLS
are a statistical technique that uses sample data to estimate the true population relationship between two
variables. OLS can be derived by two equations,

E(Y; /X,) = B, + B:X; is the population regression line and a
Yinay = b, + b1X; is the sample regression equation. ?2)

Where, ¥ = dependent variable, X = independent variable or the regressor. S, =intercept of this line and
s the slope. The intercept 0 and the slope b1 are the coefficients of the population regression line,
also known as the parameters of the population regression line.

OLS allows us to find = b, and b;. OLS also produces a line that minimizes the sum of the squared
vertical distances from the line to the observed data points (it minimizes ~ el =e’+teltes +.. +
e,” , where n is the sample size) [14]. e = limit of (/+1/n)n as n approaches infinity, i= unit imaginary
number

GWR s a local statistical technique that can evaluate spatial variations in a relationship. It is based
on the “First Law of Geography”: everything is related with everything else, but closer things are more
related [15]. It also addresses the non-stationarity (unpredictable, cannot be modelled or forecast)
directly and allows the relationships to vary over space, i.e., s do not need to be the same everywhere.
In the linear form GWR can be explained by :

Yi=Bio + Birxiit+ Birkaite..... + Binknit&:, 3

instead of remaining the same everywhere, s now vary in terms of locations (¢)[15].
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Based on the review, statement and equation above these two models are found to be necessary in
assisting analytical process.

3. Study Area

Kuala Langat is one of the districts in Selangor, Malaysia. Situated at the south-western of Selangor, it
embraces a total area of 885 m?, and its population is 222,261 people according to 2010 Census Data.
It is in between the districts of Klang to the north and Sepang to the east. The southern border
separated Selangor from Negeri Sembilan state. The Strait of Malacca is it western border. The major
towns in Kuala Langat are Banting, Bandar Jugra, Teluk Datok (district capital) and Morib. Morib is
famous among tourist for its sandy beach.

4. Methodology
Overall, this research employs four stages of work. Figure 2 illustrates the steps involved.

Stage 1: Planning
Select the study area: Kuala Langat (a
district in Selangor).
Select the two modeling technique for
stochastic model to be used.
Software selection : ArcGIS 9.3

v

Stage 2: Data Acquisition
e Retrieve Zoning Map or Structure Plan of
the study area.
Digitizing and images pre-processing

v

Stage 3: Data Processing
e Acquire land use changes and differences
between image of 2007 and 2010.

v

Stage 4: Data Analysis and Representation
e  The results are presented in the form of
map and table of statistical values.
e  Compare and analyze the results between
the two stochastic models.

Figure 1. The flow chart of methodological
process.

Referring to Figure 1, the first stage involved site identification, Kuala Langat is selected because
of its rapid development and it’s the Second Klang Valley (WLK II) Development Phase in the
Selangor Structure Plan (RSN).Two stochastic modelling approaches are then applied to the selected
area which are OLS and GWR.

In stage 2, the zoning areas are then identified from the structure plan and then digitized in
ArcGIS 9.3, which is then converted later into shapefiles format. The next stage, OLS and GWR
modelling are applied for processing. The two regression models are run consecutively in ArcGIS 9.3.
Data processing at stage 3, the data value in the map is set to standard residuals for both years (2007
and 2010). Statistical measurements and performances are also calculated in order to verify that the
calculations involved are acceptable and accurate. These calculations are performed on stage 4.
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Finally, the results are presented in tables and maps. Tables showing the result of the two modeling
technique are then distinguished.

5. Results & Discussion

GWR is called a local model because its implement a regression equation to every single feature in the
dataset meanwhile OLS is classed as a global model because its implement a regression equation to an
overall average of the features in the dataset. The statement “global models” derived the processes
which are assumed to be stationary and as such are location independent but “local models” in contrast
are spatial disaggregation of global models, the results of which are location-specific. Nevertheless,
not all the spatial relationship indicators between OLS and GWR are the same. In OLS the spatial
relationship indicators are no. of observation, degrees of freedom, Multiple R?, Joint F- Statistic,
AlCc, Jarque-Bera Statistic, R* Adjusted and Joint Wald Statistic meanwhile in GWR the spatial
relationship indicators are bandwidth/neighbor, Residual Squares, Effective Numbers, Sigma, AICc,
R? and R? Adjusted. The values that are compared between the two models are R* Adjusted and AICc.
AIC is a measure of spatial collinearity within the model data [2]. AICc is AIC with a correction for
finite sample size.The AICc value is more preferable if it is smaller (the model with the lower AICc
value provides a better fit to the observed data) meanwhile R? and R? Adjusted prefer higher value.
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Figure 2. Map showing (a) GWR year 2007, (b)
OLS year 2007, (c) GWR year 2010, (d) OLS year
2010.
Figure 2 shows the result map of GWR and OLS modelling. The value is in standard deviation (the
variation or expansion exists for the average or expected value). A low standard deviation signifies
that the data points very close to the average meanwhile high standard deviation signifies that the data
points are spread out over a large range of values. The blue color indicates the over-predicted area
while the red color indicates under-predicted area. The map for year 2007 is (a) for GWR and (b) for
OLS meanwhile for the year 2010 the result is (¢) for GWR and (d) for OLS. The results are supported
by the statistic result table below:



8th International Symposium of the Digital Earth (ISDES) IOP Publishing
IOP Conf. Series: Earth and Environmental Science 18 (2014) 012170 doi:10.1088/1755-1315/18/1/012170

Table 2. Statistic Result of OLS. Table 3. Statistic Result of GWR.
Method Summary 2007 2010 Method Summary 2007 2010
AlCc 1607.2 477.49 AlCc 1504.961 475.060
R2 Adjusted 0.017 0.018 R? Adjusted 0.288 0.077

Table 2 and 3 are the results obtained from OLS and GWR modelling using ArcGIS 9.3. The
result that gained from the two regressions modelling is different. The AICc value for OLS is 1607.2
in 2007 and 477.49 in 2010 meanwhile for GWR the AICc value is 1504.96 in 2007 and 475.06 in
2010. The result showed that GWR is a better stochastic regression modelling because it gives a
smaller AICc value which means that it provides a better fit to the observed data (the lower is the
value of AIC; the better the fit is the model to observed data). The result is consistent with R? Adjusted
value which in OLS is smaller 0.017 in 2007 and 0.018 in 2010 compared to GWR 0.288 in 2007 and
0.077 in 2010 (R? Adjusted prefer higher value or a value that nearing to 1). This suggests that the
GWR model for Kuala Langat is better than the OLS model based on the AICc value. The study area
and the dataset used in this study is smaller but the result is consistent with the result of previous
works [2] [3].
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