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ABSTRACT
Due to rapid urban development and massive population increase, nowadays many
cities are experiencing the problem of noise pollution. This study aims at making use
of the spatial technology of GIS in assessment and mapping noise distribution in Sri
Serdang, Seri Kembangan area. A total of 15 sampling locations were selected for the
collection of noise data classified based on residential, educational and commercial
land uses. The Malaysia’s Department of Environmental (DOE) standards of
permissible noise values were used as limits for the designated land uses. Noise
recordings were conducted any one day from weekday and weekend respectively, with
three periods of the day — moming, afternoon and night. The lowest daily average of
noise ranged between 65 dB (A) and 80 dB (A) across all the land uses. The spatial
distributions were then evaluated using several GIS-based spatial interpolation
methods. For interpolations of specified parameter, Inverse Distance Weighting
(IDW), Kriging and Radial Basis Function (RBF) methods were used. The most
optimal model for interpolation was selected by cross validation and error evaluation
methods, such Root Mean Square Error (RMSE), Mean Error (ME) and Mean
Absolute Error (MAE). The results showed that kriging method with specified
spherical semivariogram model is better than other methods for prediction of noise
property. It has the lowest RMSE (2.968), MAE (2.405), and ME (0.205) values
compared than other interpolation methods. Finally, the noise map was prepared, using

the best interpolation method in Geographical Information System environment.



ABSTRAK
Oleh kerana pembangunan bandar yang pesat dan pertambahan penduduk secara
besar-besaran, pada masa Kini banyak bandar-bandar mengalami masalah pencemaran
bunyi. Kajian ini bertujuan untuk membuat penggunaan teknologi spatial GIS dalam
penilaian dan pemetaan pengedaran bunyi di Sri Serdang, dalam kawasan Seri
Kembangan. Sebanyak 15 lokasi persampelan telah dipilih untuk pengumpulan data
bunyi dikelaskan berdasarkan kediaman, pendidikan dan komersial kegunaan tanah.
Jabatan Malaysia Alam Sekitar (DOE) piawaian nilai bunyi bising yang dibenarkan
telah digunakan sebagai had untuk kegunaan tanah yang ditetapkan. Rakaman bunyi
telah dijalankan mana-mana satu hari dari hari bekerja dan hujung minggu masing-
masing, dengan tiga tempoh hari - pagi, tengah hari dan malam. Purata harian rendah
bunyi adalah antara 65 dB (A) dan 80 dB (A) di semua kegunaan tanah. Taburan
spatial kemudiannya dinilai dengan menggunakan beberapa kaedah interpolasi spatial
berasaskan GIS. Untuk interpolasi parameter ditetapkan, songsang Jarak pemberat.
(IDW), kaedah 'kriging' dan Radial Asas Fungsi (RBF) telah digunakan. Model paling
optimum untuk interpolasi telah dipilih oleh pengesahan silang dan kaedah penilaian
ralat, seperti Ralat Root Mean Square (RMSE), Min Ralat (ME) dan Min Ralat mutlak
(MAE). Hasil kajian menunjukkan bahawa kaedah ‘kriging' dengan model
semivariogram sfera tertentu adalah lebih baik daripada kaedah lain untuk ramalan
hartanah bunyi. la mempunyai RMSE yang paling rendah (2.968), MAE (2.405), dan
ME (0.205) berbanding daripada kaedah interpolasi lain. Akhir sekali, Peta bunyi itu

disediakan, menggunakan kaedah interpolasi yang terbaik dalam geografi persekitaran

Sistem Maklumat.
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CHAPTER 1

INTRODUCTION

This chapter consists of background of study and problem statement of the research
project. Then it follows by the aims and objectives of the project and scope of works

involved throughout the research project.

1.1 BACKGROUND OF STUDY

1.1.1 Sound and Noise

Typically, sound is a type of energy that caused by the actions which called vibrations.
Continuous regular and vibrations produced sound and it can be heard when they enter
human’s or animal’s ear as they travelled through the air or another medium. In some
circumstances, sound becomes noise when sound is generated in large amount. Noise
can be considered as an unpleasant sound where the cases that the sound is too loud

and prolonged exposure to such condition might can be hazardous to a person’s



hearing. Typically, noise are generated through many sources such as machinery,

motor vehicles, industrial, construction activities, etc.

Due to rapid development of the urbanization, the noise sources that mainly from
construction and the road traffic have causes irritation and many of negative effects
on the health of human being in the urban areas (Yoshida et al., 1997; Onuu, 2000;
Ouis, 2002). Nowadays, noise pollution is considered as the most critical
environmental challenges faces in major cities of world. Varlitoprak et al. (1991)
defined that noise pollution is an unintentional sound that give rise to negative
physiological and psychological effects on the human beings. It is considered an
environment pollutant due to the hazard it create to health and the way it affect the
people’s well-being and quality of life. The increment of noise pollution is
unsustainable and in need to be measured and reduced, since it is not only a source of
irritation, but also may lead to public health problem. Carter (1996) stated that where
the circumstances are likely high exposure to noise may cause many negative impacts
such as irritation and annoyance feelings, auditory system destruction, health issues
like physiological disorders, disruption of daily routines and activities, hypertensions
and cardiovascular disease. Therefore, it is crucial to control and manage the noise
pollution in particular areas so that the environment surrounding the areas can be

protected and improved where the noise level exposure is deemed excessive.

1.1.2 GIS for Noise Mapping

Noise mapping is the most effective way of determining the difference of outdoor
noise levels with location (Peters et al, 2011). A noise map is a graphical
representation of the foresee condition with regards to noise in a particular area with

different colours representing different noise levels (Klaeboe et al., 2006; Guedes et



al., 2011; Vogiatzis, 2011). Noise map act as a tool to control and manage action plans
for determining the precautions of reducing the noise. There are number of variables
that need to be taken into consideration - the production of noise map, thereby the
amount of noise emission at the source can be represented accurately. Noise sources

are like noise emission from the traffic flows, construction and industrial activities.

The use of advanced technology in GIS is more feasible in dealing with noise that
contains many spatial components. One of the features in GIS application such as
advanced interpolation techniques, make it now possible to obtain an accurate picture
of the acoustic situation and critical noise zones based on a finite number of noise data
measured or recorded using noise equipment. GIS provides the central database
management environment and noise data can be inserted into a GIS. In addition, it also
provides an effective representation tools of noise data and its propagation

surrounding the affected areas.

Send and Grave:
Water Table
Shale

Sanaslen.

Figure 1: GIS basic structure



1.2 PROBLEM STATEMENT

Zannin et al. (2013) stated that noise mapping is an effective tool for developing vital
information regarding environmental impacts and allowing the representation of noise
pollution in urban landscapes. In this sense, it is important to produce an accurate and
logical noise maps for representing the occurrence of noise pollution in the affected
areas. What is the difference between the typical noise mapping and strategic noise
mapping? In a simple way, noise mapping is a graphic representation that presents
computed and measured noise levels over a geographical area. Nevertheless, ‘Strategic
Noise Mapping’ has different meaning than noise mapping. In contrast, strategic noise
mapping is a map designed purposely for the global assessment where it takes into
account the noise exposure in a given area caused from multiple sources of noise
(European Union, 2002). Therefore, it can be implied that noise mapping is
emphasized mostly on the presentation of measured noise data while strategic noise
mapping is more prioritize with evaluation of noise exposure under terms of
presentation of noise data with taking considerations of noise exposure due different

sources in a given area.

Noise mapping can be developed through direct measurement and indirect
measurements of equivalent noise pressure levels. Direct measurement is where the
noise data are calculated or measured using equipment in a given area. The obtained
noise data will then be used in developing noise mapping by using software based on
GIS system. Generally, noise mapping in GIS are generated through interpolation
techniques of the noise data. From the result, the noise data then calibrated with the
noise data obtained from the satellite system. Indirect measurement of noise levels

may refers to making decision approaches will be used to refine the noise maps



considering the factors affecting the noise distribution and noise barriers. Which of
the two geospatial tools will give a better performance in developing the noise maps?
Both geospatial tools of interpolation techniques and multi-criteria decision making
approaches will produced different performance under different parameters evaluated
for generating the noise maps. The method that gives a better and acceptable result

will then use as for final result of noise mapping.

1.3 OBJECTIVES
In order to produce accurate and logical noise maps, there are several objectives that

need to be achieved from this project. The objectives are as follow:

1) To measure noise levels emission from traffic at any defined period.

2) To evaluate interpolation techniques such spline, kriging and inverse distance
weighting for noise mapping in GIS.

3) To develop noise prediction models based on the traffic noise and decision

making approaches for noise maps.

1.4 SCOPE OF WORK

The scope of works for this case study involves the use of software called ArcGIS to
develop a noise map. The noise measurement data for vehicles on ‘area’ would be
collected. Then, noise data will be interpolated with the GIS data. This case study will
examine several interpolation techniques such spline, kriging and inverse distance
weighting. The interpolation will be used to predict the unsampled pixels to produce
a noise distribution map for the study area. In addition, decision making the factors

affecting the noise distribution and noise barrier.



1.5 LIMITATION OF THE STUDY

The following are the limitation of this project related to the data availability:

e In this project a simple mathematical calculation will be used for noise
calculation. Usually, this standard of noise calculation is used for simple
situation for preliminary assessment of noise effect studies. The noise
calculation will be carried out along with simple input parameters such as
traffic type, land use type and observation points. Other parameters such as
background noise, reflection, and obstruction of noise and effect of
meteorological conditions on noise will be not taken into account for noise
calculation.

e In this project accuracy of models in terms of noise information is an issue
because this project using different type of spatial interpolation techniques to
produce a noise map. Each interpolation technique produces different results
for building noise models and therefore evaluation has to be made based on
the accuracy and precision of the prediction surface that developed from

interpolation process.



1.6 ORGANIZATION OF THE REPORT

This thesis report consist of 5 chapters. For the first chapter, it introduced the sound
and noise environment. Then, explanation of the roles of GIS in noise mapping as well
as specific problem statement addressed in the study. After the first chapter, it followed
by chapter two which presents the literature review for this study research. In chapter
2, relevant subtopics were explained regarding to the research study associated with

undertake obstacles in the study as well.

Next, it is chapter 3 which highlighted the methodology and procedures used for this
research study that regarding to the data collection and analysis of software. The use
of ArcGIS software to do the analysis of data will be described in this chapter.
Presentation of the data analysis results will be discussed in the next chapter which is
chapter 4. This includes the noise data measurement results, software analysis results
as well as development of noise maps. For final chapter, which is chapter 5 that usually

gives a conclusion and recommendation of the whole findings for research study.



CHAPTER 2

LITERATURE REVIEW

2.1 ROAD TRAFFIC NOISE

" 2.1.1 Noise induced by road traffic

In many countries, one of the main source of environmental noise is road traffic and it
is significantly contributes more on producing disturbances to the well-being of a
person (Bruel & Kjaer, 2002). Based on World Health Organization, WHO (1999),
they described that sound engine and the contact area that causes frictional force
between the tire of vehicle and the road surface are the main contribution to the traffic
noise. The noise produced due to traffic is rely on the volume of traffic, vehicles speed,
the amount of heavy vehicle and also the nature of road surface. The accumulation of
the noise from an individual vehicle is the one that gives rise to traffic road noise level.
The sources from an individual vehicle such as car engine, contact area between the
wheel and the road and exhaust system will produce different sound levels and

combined to form a basic unit of road traffic noise.

Usually, car engine operates under the combustion of fuel and mechanical works.

Seoud (1994) explained that noise produced that range between 68 and 78dB (A) due

8



to car engine primarily transmitted from the driving shafts, axles of car and gearboxes.
The unexpected release of gas and flow into the exhaust system produced the exhaust
noise when the exhaust valve is open. As a whole, the most contributes to road traffic
noise are the moving vehicles with the wheels rolling on the road surfaces and causes
friction action occurred. A car that moves at a high speed of above the 100km/h are
likely becomes the most influential to vehicle noise (Harland, 1974). However, the
deteriorati;)n to the human life quality that caused by noise pollution is still a major
concerned issues, even though many initiative actions has been done to mitigate the

noise that produced from individual vehicles.

2.1.2 Effects of road traffic noise

Many research studies have been done relative to the negative impacts of the road
traffic noise to the human quality life. Based on Environment Protection Authority
(EPA), they claimed that ‘noise issues are always being overlooked when it comes to
environmental pollution’. Noise is not only causes irritation and annoyance but it also
form a real and placed the human being health in danger. The harmful effects of noise
on public has been classified into two categories which are behavioural and
physiological, (Environment Agency, 2002). They stated that irritation and annoyance
are the main effects of noise under behaviour category while for under physiological,
person may experience of hearing loss and also other potential health effect. Noise
effects causes a person’s daily activities and performance deteriorates. It will not only
affects a person’s rest time but also other aspects such as conversation and tasks.
Environment Agency (2002) described that noise that give rise to disturbance may
lead a person to prevent themselves from undergoing their daily activities such as

having conversation, listening to radio or watching a TV and focusing while study.



Urban areas are the place which prone to road traffic noise and due to that quality of
residential environment is reducing which results in downsizing of property values.
This may lead the society to spend a lot of money of considering implement the sound
insulation to the buildings. Other than that, noise pollution may also causes other
damages such as loss of productivity, health care cost and also psychological well-
being losses. World Health Organization, WHO (1995) explained that the loss of
productivity may be due to the affected person that incapable to pay attention and
communicate with colleagues during at work, or because of fatigue due to lack of rest

and sleep.

2.1.3 Units of Sound

The human ear preferably responds in a logarithmic manner rather than linear manner.
Basically, ear responds is based on the intensity of sound pressure. Sound pressure is
measured in Micro Pascal (i Pa). Bruel & Kjaer (2002) defined that sound pressure of
20 p Pa corresponds to the average person’s threshold of hearing. It is therefore‘ called
threshold of human hearing. A sound pressure of approximately 100Pa is so loud that
it cause pain to human ear and it is called threshold of pain. The ratio between these
two extremes is more than a million to one (Bruel & Kjaer, 2002). A direct application
of linear scales (in Pa) to the measurement of sound pressure leads to larges number.
Therefore it is more practical to express the sound levels in logarithmic scale. This

logarithmic scale is called decibel or dBA.

Human ear have varying sensitivity to different frequencies, in a sense that it is less
sensitive to lower frequencies than to higher frequencies and has a limited range. The

sound pressure levels have to be adjusted to give comparatively more weight to the

10



frequencies which are detected most readily by human ear (Environment Agency,
2002). For these reasons, several different weighting systems have been proposed but
the *A’ weighting is now used for all levels of noise. The noise measurement by ‘A’
weighting scale is denoted as dBA. As per the ‘A’ weighting scale, doubling of sound
frequency is equal to an increase of 10dBA. An indication of some common sound on
the dBA is shown in Figure 2. In ‘A’ weighted scale the linear scale with its large
numbers is converted into a manageable scale from 0 dB at the threshold of h.earing

(20 pn Pa) to 130 dB at the threshold of pain (~ 100 Pa) (Bruel & Kjaer, 2002).

dB(A) scale

Vs —— Threshold of pain
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Hazard to
from continuous 3 - AR NG
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Figure 2: dB(A) scale showing the levels of common sounds

(National Road Authority, 2004)

11



2.2 NOISE MAPPING

Noise mapping nowadays has been recognized as one of an effective tool for
controlling and assess the noise pollution issues. They are not only capable of
describing the spatial distributions of noise levels but also can provides an appropriate
and efficient visualization of noise propagation in the affected areas. Coelho, J.L.B
and Alarcao (2015) defined that noise mapping is an efficient assessment method in
urban area. A noise map provides comprehensive look for the difficulty of multiple
sources and receivers, and thus can improve urban planning. Santos (2004) explained

that the use of noise mapping allows:

1. Measurement or counting or quantification of equivalent noise pressure
levels in studied area.

2. Estimation of population exposure.

3. Formation of a database for urban planning with localisation of noise
activities and mixed and sensitive zone.

4. Foresee of impact noise of the projected infrastructure and industrial

activities.

12



2.3 ROLES OF GIS IN NOISE MAPPING

Generally, noise maps are developed using Geographic Information System (GIS). It
can be effectively used in the gathering, weighting, analysing and presenting spatial
and attribute information to facilitate the management of environmental pollutions. It
can also be extended to provide an answer to user specific problems through
deterministic and statistics models. This is an important consideration in noise
mapping research particularly in terms of noise effect studies and in terms of educating
public opinion about the impacts of environmental noise. Integrating noise prediction
data with a GIS allows for other types of spatial data to be utilised in noise studies.
Ultimately, this can provide more accurate noise maps as well as providing more
comprehensive data on which to base environmental noise policy decisions. Meskell
Craig; Murphy Enda; Rice Henry J (2006) has discussed the exact role of GIS in
environmental noise studies in their study work. The exact role that can be played by

a GIS in environmental noise studies in now discussed.

According to De Kluijver and Stoter (2003), the appropriate use of GIS in noise
mapping makes it feasible to optimize the efficiency and quality of noise studies
effects. In dealing with spatial analysis and modelling, GIS has the most efficient way
to solve the issues. From previous studies, numerous of researcher have used the
integrated GIS traffic noise prediction models to estimate the level of noise in urban
areas. For an instance, Sheng and Wa Tang (2011) proposed and applied a G1S-based
traffic noise model system to look into the influences of existing urban forms on
vehicle transport and pedestrian exposure to traffic noise in the Macao Peninsula.
Wazir (2011) prepared a noise mapping using ArcGIS 9.3 software in order to provide

better visualisation of noise environment of Guwahati City and its diurnal variations.

13



Mohammed Taleb Obaidat (2008) has discussed numerous advantages of GIS usage

in noise studies like:

1. Enhancing the quality of the study on environmental noise pollution;

2. Providing a monitoring and quantifying noise tool;

3. Establish a link between geographical and geometrical information of the
surrounding environment and the noise prediction model;

4. Presenting, storing, managing, manipulating, analysing, and visualizing
capabilities of database;

5. Supporting and assisting environment management and also decreasing the

cost of noise studies.

2.4 SPATIAL INTERPOLATION METHODS

A number of methods have been developed for spatial interpolation and many terms
have been used to distinguish them, including: ‘deterministic’ and -‘stochastic’
methods (Myers, 1994), or “interpolating” and “non-interpolating” methods, or

“interpolators” and “non-interpolators” (Laslett et al., 1987).

Murphy et al. (2006) have pointed out that different noise maps are produced when
different methods of spatial interpolation are used in noise mapping analysis. There
are two categories of interpolation techniques: deterministic and geostatistical, (ESRI,
2002). Deterministic interpolation techniques create surfaces based on measured points
or mathematical formulas. Methods such as Inverse Distance Weight (IDW) are based
on the extent of similarity of cells while methods such as Radial Basis Function (RBF)

fit a smooth surface defined by a mathematical function. Geostatistical interpolation

14



techniques such as Kriging are based on statistics and are used for more advanced
prediction surface modelling that also includes some measure of the certainty or

accuracy of predictions.

The characteristics of an interpolated surface can be controlled by limiting the input
points used in the calculation of output cell values, (ESR1, 2002). This can be done by
limiting the npmber of points sampled or the area from which sampled points are taken.
Specifying the maximum number of points to be sampled will return the points closest

to the output cell location until the maximum number is reached.

2.4.1 Deterministic Interpolation Technique
Deterministic interpolation techniques create surfaces from measured points, based on

either the extent of similarity (IDW) or the degree of smoothing (RBF).

Radial Basis Function (RBF)

Radial Basis Function (RBF) also known as spline interpolation method. Spline
estimates values using a mathematical function that minimizes overall surface
curvature (ESRI, 2004). This results in a smooth surface that passes exactly through
the input points. RBF is conceptually similar to like bending a sheet of rubber so that it

passes through the points while minimizing the total curvature of the surface.

There are two variations of spline regularized and tension. A regularized spline
incorporates the first derivative (slope), second derivative (rate of change in slope), and
third derivative (rate of change in the second derivative) into its minimization
calculations. Although a tension spline uses only first and second derivatives, it

includes more points in the spline calculations, which usually creates smoother

surfaces but increases computation time.
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Figure 3: Radial Basis Function Surface Fitting Through a Series of Elevation

Values

Figure above demonstrates conceptually how a RBF surface fits through a series of

elevation sample values.

Inverse Distance Weighted (IDW)

Inverse distance weighted (IDW) interpolation method is one of the simplest and most
readily available method. IDW interpolation explicitly implements the assumption that
things close to one another are more alike than those farther apart. To predict a value
for any unmeasured location, IDW will use the measured values surrounding the
prediction location. Those measured values closest to the prediction location will have
more influence on the predicted value than those farther away. Thus, IDW assumes
that each measured point has a local influence that diminishes with distance. It weigh§
the points closer to the prediction location greater than those farther away. hence the

name inverse distance weighted.
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Based on computation method, the noise value at point i (No) is calculated through

the following formula.

Where,

n = number of measurement points;

Ni = noise value at position i;

P; = weight of the noise value at i position

For variable P, it can be computed with equation 1 below as a function of the distance
between the reference point and the interpolation point from the idea that the effect of

the closer points are higher than distant one (Zhan-Ji Y, 2008).

di = horizontal distance between the interpolation point at (xo, yo ) and the reference

points at (Xi, yi) and is calculated by the following formula. k is the power of the

distance.

di=\/(xi —x0)2+ (Yi—¥0)? ccoceevrrrrrrnnnnnnn. (3)
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In the IDW method, the reference points around the interpolation point can be used to
estimate the noise values, instead of using all of the reference points in the study area.
The reference points to be used in the interpolation calculation can be determined by
a search circle whose center must be the point which will be interpolated. This gives
rise to the problem of detefmining the dimensions of the search circle. Determining
the size of the search circle is directly related with the distribution of reference points
in the region as well as the distance between these reference points (Figure 4). In order
to accurately calculate the noise values obtained through the interpolation method, at
least three points uniformly dispersed around the point must be used. The use of the

search circle can significantly affect the performance of the IDW method.

Search circle

8

3 ®

B3 Interpolation point
@® Reference point

Figure 4: Search Circle
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2.4.2 Geostatistical Interpolation Method
The geostatistical interpolation technique is based on statistics and is used for more
advanced surface modelling that also includes errors or uncertainty of predictions,

(ESRI, 2002). Kriging comes under the geostatistical interpolation technique.

Kriging Method

Geostatistical methods create surfaces incorporating the statistical properties of the
measured data. Because geostatistics is based on statistics, these methods produce not
only prediction surfaces but also error or uncertainty surfaces, giving the user an

indication of how good the predictions are.

Kriging method is a geo-statistical interpolation method which proved its applicability
and gained popularity in many areas. The presence of a spatial structure where
observations are close to each other are more alike than those that are far apart (spatial
autocorrelation) is a prerequisite to the application of geostatistics. The experimental
variogram measures the average degree of dissimilarity between un-sampled values
and a nearby data value. Thus, can described autocorrelation at various distances. The
value of the experimental variogram for a separation distance of h (referred to as the

lag) is half the mean squared difference between the value at z(xi) and the value at

z(xi+h).

y(h)= (z—fm—) S z2Ge) = 20t + W e, 4)

where n (h) is the number of data pairs within a given class of distance and direction.

If the values at Z (xi) and Z (xi + h) are auto correlated the result of Eq. (3) will be

small, relative to an uncorrelated pair of points.
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Kriging uses statistical models that allow a variety of map outputs including
predictions, prediction standard error, standard error of indicators, and probability.
The flexibility of Kriging can require a lot of decision making. Kriging assumes that
the data comes from a stationary stochastic process. A stochastic process is a collection
of random variables that are ordered in space and/or time such as elevation
measurements. The kriging literature provides a choice of functions which can be used
as theoretical semivariograms (spherical, exponential, Gaussian, Bessel etc.: Cressie
1993). The parameters of these functions are then optimised for the best fit of the
experimental semivariogram. From analysis of the experimental variogram, a suitable
model like spherical, exponential and Gaussian is then fitted, usually by weighted least
squares, and the parameters like range, nugget and sill are then used in the kriging

procedure. The characteristic of the semivariogram is shown in the Figure 5.

(=4

.

(-]
/|

e

[ 4
§
T
g
5
»

o
F-S
1

; b ] b T
4000 6000 8000 10000
Lag (meters)

Figure 5: Characteristics of the Semivariogram
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Figure 6: Relationship between Spline, IDW and Kriging.

In summary, IDW and Spline are two deterministic methods that create surfaces from
samples based on the extent of similarity or degree of smoothing. However, while a
spline surface passes exactly through each sample point, an IDW will pass through
none of the points. Kriging is a geostatistical method that uses a powerful statistical
technique for predicting values derived from the measure of relationship in samples

and employs sophisticated weighted average techniques.

2.5 COMPARATIVE ANALYSIS OF INTERPOLATION METHODS

With the wide and increasing applications of the spatial interpolation methods, there
is also a growing concern about their accuracy and precision (Hartkamp et al., 1999).
As any other statistical modelling techniques, the spatial interpolation methods also

produce a certain degree of errors associated with the estimation.

According to Burrough and McDonnell (1998), the statistics of the differences
(absolute and squared) between the measured and predicted values at sampled points
are often used as an indicator of the performance of an inexact method. Several error
measurements have been proposed (Table 1). Commonly used error measurements
include: mean error (ME), mean absolute error (MAE), mean squared error (MSE) and

root mean squared error (RMSE). ME is used for determining the degree of bias in the
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estimates, often referred to as the bias (Isaaks and Srivastava, 1989) but it should be
used cautiously as an indicator of accuracy because negative and positive estimates
counteract each other and resultant ME tends to be lower than actual error (Nalder and
Wein, 1998). RMSE provides a measure of the error size, but it is sensitive to outliers
as it places a lot of weight on large errors (Hernandez-Stefanoni and Ponce-Hernandez,
2006). MSE suffers the same disadvantages as RMSE. Whereas MAE is less sensitive
to extreme values (Willmott, 1982; Vicente-Serrano et al., 2003) and indicates the
extent to which the estimate can be in error (Nalder and Wein, 1998). MAE and RMSE
are argued to be similar measures, and they give estimates of the average error, but
they do not provide information about the relative size of the average difference and
the nature of differences comprising them (Willmott, 1982). Of course, we can also
use cross-validation in together with these measurements to assess the performance of

both exact and inexact methods.
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Table 1: Measurements of error values used to assess the performance of the
spatial interpolation methods (Ahmed and De Marsily, 1987; Burrough and
McDonnell, 1998; Hu et al., 2004; Isaaks and Srivastava, 1989; Vicente-Serrano

et al., 2003).

Measurement

Definition

Mean error (ME) or mean bias error

(MBE)

1
ME = ;Z?=1(pi — 0;)

Mean absolute error (MAE)

1
MAE = — i=1lpi — ail

Mean square error (MSE)

1
MSE =2 T2, — o))

Root mean square error (RMSE)

RMSE = [%Z?:dpi N Oi)zll/z

Mean squared reduced error (MSRE)

1
MSRE == ¥, (pi — 0)* /s*

Mean standardized error2

1
MSE2 = = i=1(Psi — 0si)

Root mean square standardized error

—11on 2 2
RMSSE = [;Zi=1(Psi — 0si) ]

Averaged standard error (ASE)

1/
ASE = [~ 31, (pi — (Zia p)/m)?|

Ratio of the variance of estimated
values to the variance of the observed

values (RVar)

RVLP S Var [P)
Var [o]

Model Efficiency (EF)

_ 1 Zit(pi—0)?
EF ] Z?=1(6+Oi)2

*n: number of observations or samples; o: observed value; p: predicted or estimated

values; o;: standardised observed value; p,: standardised predicted value; s: standard

deviation of the estimation error; 0: mean of observed values
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However, the error values measured in this project are only including RMSE, ME and
MAE. These values are common error values that many researchers had been studied
regarding on evaluation of spatial data interpolation methods. From previous studies,
(Chai et al., 2011) had been investigated the relative performance of different
interpolation methods in meteorological data of Xinjiang Uygur Autonomous Region.
Based on their research, they were using cross-validation method to evaluate the

performance of different spatial interpolation methods.

Taghizadeh-Mehrjardi, Zare M, and Zare S were developed a noise map for recovery
section of Ghandi Telecommunication Cable Co. with using different spatial
interpolation methods to predict the unknown values between the known values of
noise level within the study area. In a similar way, the researchers examined the
different interpolation method based on the result of cross-validation and error values
measurement. For conclusion they discovered that Kriging method showed the best
result of RMSE value among other interpolation methods used to produce the noise

map.

Marcelo Curtarelli had done assessment on the performance of different interpolation
to map the bathymetry of the Tucurui hydroelectric reservoir, located in the Brazilian
Amazon, as an aid to manage and operate Amazonian reservoirs. From their
researched, they evaluated three different deterministic (IDW, LPI and RBF) and one
geostatistical (OK) interpolation methods. Similarly, the performances from all of the
interpolation methods were assessed based on the cross validation results. And the best

performance was obtained with the geostatistical method (RMSE = 0.92m).

Through previous studies, it indicated that checking for the accuracy and precision of

the performances for different interpolation method is important especially when
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dealing with spatial data. An optimal interpolation method must be selected as to

create prediction surfaces which acceptable and adequate for foresee situations.

2.6 SUMMARY

In summary, this chapter discussed the review of literatures associated with the address
problems that related to this research topic. Firstly, road traffic noise was studied
regarding to production of noise caused by road traffic and also its impact as
contributor to the noise pollution. This is an important information to this research
topic since the noise level data that were collected are mainly from road traffic. Next,
production of noise mapping also was briefly discussed correspond to its function as
an effective tool to control and manage the noise issues in urban planning areas.
Mostly, noise mapping nowadays was made based on the GIS assessment method. The
studies regarding to spatial interpolation techniques which one of the features in
ArcGIS software were been discussed in this chapter. The spatial interpolation
techniques can be classified into two groups which are deterministic and geostatistical
interpolation techniques. Each of this technique has their own important parameters
for making the noise prediction surface. To check the accuracy and precision of each
of the interpolation techniques, cross validation and error measurement methods were
studied in order to justify the analysis of result from the software produced. Many
studies from the previous years, have used the accuracy methods as to enhance their

findings on the quantification of the interpolation techniques to predict the unknown

values.
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CHAPTER 3

METHODOLOGY

3.1 GENERAL

It is important to extract related information as an input data for the noise mapping.
The early stage in the production of a noise map involves the measurement of noise
levels at different selected stations. The obtained noise levels data will then be used to
generate a noise map using ArcGIS software. The first section in this chapter describes
the eq;nipment use to collect the noise levels at each of the station. The second section
is about the study area and thir<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>