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Abstract: The blooming of urban expansion has led to the improvement of urban life, but some of the
negative externalities have affected the life quality of urban dwellers, both directly and indirectly. Asa
result of this, research related to the quality of life has gained much attention among multidisciplinary
researchers around the world. A number of attempts have been made by previous researchers to
identify, assess, quantify, and map quality of life or well-being under various kinds of perspectives.
The objectives of this research were to create a life quality index (LQI) and identify the spatial
distribution pattern of LQI in Kandy City, Sri Lanka. Multiple factors were decomposed, a hierarchy
was constructed by the multi-criteria decision making (MCDM) method, and 13 factors were selected
under two main criteria—environmental and socioeconomic. Pairwise comparison matrices were
created, and the weight of each factor was determined by the analytic hierarchy process (AHP).
Finally, gradient analysis was employed to examine the spatial distribution pattern of LQI from the
city center to the periphery. The results show that socioeconomic factors affect the quality of life more
strongly than environmental factors, and the most significant factor is transportation. The highest life
quality zones (26% of the total area) were distributed around the city center, while the lowest zones
represented only 9% of the whole area. As shown in the gradient analysis, more than 50% of the
land in the first five kilometers from the city center comes under the highest life quality zone. This
research will provide guidance for the residents and respective administrative bodies to make Kandy
City a livable city. It the constructed model can be applied to any geographical area by conducting
necessary data calibration.

Keywords: life quality index (LQI); Kandy city; AHP; MCDM; gradient analysis; Sri Lanka

1. Introduction

In mid-2019, the world’s population reached 7.7 billion, having added approximately 1 billion
people in the last two decades [1]. Twenty-three percent of the world’s population were living in cities
in 2018, and this percentage is predicted to reach 66% by 2050 [2]. This means that 43% of the global
population will be living in urban regions within roughly 40 years, and it is estimated that the world’s
fastest-growing cities will be in Asia and Africa [3]. Cities provide environmentally sound and socially
accepted living environments in various ways, but they generate urbanization issues that severely
impact the well-being of city dwellers [2,4]. Although developed countries have managed those issues
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to some extent with their capital power, the situation in most developing countries, especially in
Asia, is dilapidated. The lack of socioeconomic and environmental resources in developing countries
presents considerable challenges in an urban area. Thus, conducting research related to the well-being
of inhabitants in complex urban areas is an important, timely task.

To ensure the well-being of urban inhabitants, various kinds of approaches have been taken
following various viewpoints, the details of which can be explored elsewhere [5-8]. The United
Nation’s Habitat Conference presented the concept of city livability (CL) in 1996 and stated that
every city should be habitable [9]. Moreover, the following index and approaches provide some
indicators to measure the level of livability in a city, such as the gross domestic product (GDP) and the
human development index (HDI) [9]. The term “life quality” (LQ) is also used to describe the general
well-being of societies and people [10,11]. As LQ is a theoretical concept that remains a significant
subjective element, it is difficult to use it to compute measurable dimensions. As a result, there is no
accepted definition or adequate measurements of LQ [4]. However, it is widely applied in various
subjects using different types of elements and dimensions. Recently, research related to the LQ in
urban areas has been given a benchmark by using various kinds of approaches that numerous studies
have demonstrated [4,9,12].

Assessing the quality of life or constructing its index is quite a challenging task because it has
no pre-defined factors or attributes [4]. On the other hand, measuring LQ is not a one-size-fits-all
approach because life quality is the result of a combination of multifactorial attributes that can consist
of social, economic, and environmental factors. These factors can depend on each other, or they may
be connected directly or indirectly. Moreover, a multifactorial approach can be used in a complex
decision-making environment, because each criterion does not contribute to results equally; rather,
different criteria make different contributions [9]. Hence, there should be a scientifically sound and
mathematically trustworthy approach to evaluate the contribution criteria based on their importance
or weight. Nevertheless, humans have some difficulty with simultaneously addressing decisions using
many criteria or alternatives because criteria have several uses [9]. The available literature shows that
there are various methods for decision making in a multi-criteria environment, including the analytic
hierarchy process (AHP) [12,13].

The AHP is a technique used to derive ratio gages from paired comparisons, which were initially
developed by Professor Thomas L. Saaty in the 1970s [14]. It allows the criteria weights to be measured
through pairwise comparison, which depends on the decisions of experts to regulate the priority
ranges [15,16]. In the AHP technique, a hierarchical form, including goals, criteria, sub-criteria,
and factors are used to solve every problem [15]. One of the notable leading factors is that the
AHP approach allows users to define the weights of variables in the construction of the solution
of a multi-criteria problem as a multi-criteria decision making (MCDM) method. Other than this,
conventional research based on field surveys is not cost-effective and is a time-consuming task [17].
Because of its applicability, correctness, theoretical suitability, and capacity for addressing any criteria
(intangible and tangible), the integration of AHP with MCDM in LQ analysis is still interesting for
multi-disciplinary researchers [15,16]. However, such research is lacking in Sri Lanka.

In view of the above aspect, we hypothesized that socioeconomic and environmental factors are
mainly influenced by the determination of LQ in urban dwellers in Kandy City, Sri Lanka. Over the
past two decades, urbanization has led to rapid development, and several environmental problems,
such as urban heat islands [18], increased energy consumption (R1), and reduced air quality [19], have
occurred. Thus, LQ requires further study to enhance future urban planning activities. The objectives
of this research are as follows: (i) to create an LQ index (LQI) for Kandy City and (ii) to identify the
spatial distribution pattern of LQ and its composition along the gradient zones (GZs). We believe that
our point of novelty is the incorporation of socioeconomic data to build a socially accepted LQI in
Kandy City.
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2. Materials and Methods

2.1. Study Area

Kandy is the capital and administrative city of the central province. It is the second-largest city
in Sri Lanka, located 116 km away from Colombo City [5]. Because it is the home of the temple of
the Tooth Relic (Sri Dalada Maligawa) and is a tropical mountain green city, Kandy is identified as
an important tourist destination and was declared to be a world heritage site by the United Nations
Educational, Scientific and Cultural Organization (UNESCO) [5]. Available literature shows that the
estimated population is approximately 1.7 million, and the daily transient population is approximately
one million in Kandy City [5]. As a result of the expansion of impervious surfaces and population
size, Kandy City has undergone high urbanization growth in the last two decades. However, some
of the topographical obstacles (mountain ranges and slopes) and malfunctioning of socioeconomic
attributes (infrastructure and services) have been caused by the scarcity of livable resident land. The
mean daytime temperature ranges from 28-32 °C, while the average rainfall is approximately 2085 mm
(long-term) [20] and 52-398 mm (monthly) [18]. Except for a short, dry period, Kandy City is like other
green cities and has a tropical equatorial climate and a monsoon rainfall pattern.

In this study, a geographical area of 400 km? covering a 20 x 20 km grid with a 10 km radius
from the city center was selected as the study area, and it is bound by latitudes from 7.225195° N to
7.360744° N and longitudes from 80.566965° E to 80.702955° E, as illustrated in Figure 1.
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Figure 1. Study area. (a) South Asia; (b) the Democratic Socialist Republic of Sri Lanka, including

the study area; and (c) the study area represented by a Landsat-8 image with a false-color composite
(bands 5, 4, 3).

2.2. Types of Data and Sources

The research framework was constructed using two strategies; first, we observed regional
requirements by consulting with a group of experts and administrative bodies in Kandy City, and
second, the residents’ opinions regarding well-being were also observed by conducting informal
interviews in both urban and peripheral areas. Then, we realized that the identification of the spatial
distribution patterns of LQ would help both administrative bodies and inhabitants to achieve the goal
of sustainable urban development.
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Regarding this context, 13 factors extracted from socioeconomic and environmental (physical)
criteria were evaluated using MCDM model coupling with AHP on the GIS platform. Both primary
and secondary data were collected to assess the LQ of residents in Kandy City. In the process, the
following steps were completed. To gather primary data, (i) formal interviews were conducted with a
group of experts and respective administration bodies to determine the factors related to the AHP
and MCDM (Figure 2), (ii) expert’s judgments were collected to complete the AHP questionnaire,
and (iii) field observations were conducted to identify the current situation of the study area while
interviewing some residents. As an approach for collecting secondary data, (i) literary information was
collected, focusing on similar studies, and (ii) geospatial data were collected from respective sources,
as explained in Table 1.
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Figure 2. Criteria and factors related to the analytic hierarchy process (AHP).
2.3. Data Pre-Processing

Both primary and secondary data were carefully checked, and fault-free data sets were rectified.
Subsequently, raw data were pre-preceded in order to build factors.

2.3.1. Landsat-8 OLI/TIRS Data

We hypothesized that the use of more Landsat data in order to cover all months in the year
would produce a reliable data set. There might be slight seasonal changes in the study area that
could affect land use land cover (LULC) and land surface temperature (LST). Hence, obtaining annual
average basic data sets is primarily important to generalize the model’s results for the whole year.
In this perspective, 2018 was selected as the investigated year, and the following simple steps were
accomplished to prepare basic remote sensing (RS) data.
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ii.

1ii.

iv.

The Google Earth Engine (GEE) was selected because of its free tools and facilitates for
radiometric-calibrated and atmospheric-corrected Landsat-8 Level 2 data sets powered by
the United States Geological Survey (USGS) [8]. Additionally, it has many functional facilities for
handling remote sensing data.

The research area was imported and checked for areas with cloud disturbance in the available
Landsat imagery. Because the study area is located in a tropical region, there was cloud disturbance
in the Landsat data [8]. Hence, the masking method was applied to remove the cloud.

The annual median at-satellite brightness temperature (in Kelvin) and multispectral bands (in
radiance values) were computed by using image collection and ee.reducer functions in the
GEE [21].

Prepared data sets were downloaded. Then, (a) calculation of the land surface temperature (LST)
and (b) classification of the LULC were carried out.

2.3.2. Land Use Land Cover Classification

i

ii.

iii.

iv.

A pixel-based supervised classification method was chosen [22]. Because medium- resolution
Landsat data were selected, the best approach was to select a pixel-oriented classification method.
Other than this, in order to identify precious LULC information as much as possible, the level
was very important for the decision-making process.

Four classification techniques were employed with R software (open source) [23]: (i) support
vector machine, (ii) K-nearest neighbor, (iii) random forest, and (iv) neural networks. As a result
of the classification, four LULC maps were produced.

The resultant LULC maps were sorted [5]. Due to the highest values (overall accuracy and kappa
coefficient), the map generated by the random forest method was chosen.

The issues of misclassification error or salt-and-pepper noise made by spectral confusion were
resolved by using majority filters and hybrid classification methods [24]. As evidenced by the
literature [25-27], past researchers have also adopted this method and have gained reliable results.
Finally, an accuracy assessment was conducted to test whether the classification results could
be trusted.

2.3.3. Retrieval of Land Surface Temperature

The median temperatures (Section 2.3.1) extracted from thermal band 10 (in Kelvin) were used to

calculate the LST, as follows:

i

ii.

iii.

The land surface emissivity (¢) was calculated using Equation (1):
¢ = {mPV + n} (1)

wherem = (¢ — ¢) — (1 — €0); Fevand n = es + (1 — ¢s) Fev. es and ev are the soil emissivity and
vegetation emissivity, respectively. In this study, we used the results of [28] for m = 0.004 and
n = 0.986. The proportion of vegetation (Pv) was calculated using Equation (2).

Using Equation (2), the proportion of vegetation (Pv) was computed.
by = ((NDVI - NDVImin) / (NDVImax - NDVImin) )2 ()

where P, denotes the proportion of vegetation, NDVI refers to the Normalized Difference
Vegetation Index, which is calculated using the original NDVIvalues calculated in Equation (3), and
NDVIin and NDVIpax are the minimum and maximum values of the NDVI dataset, respectively.

The NDVI was calculated from Equation (3):

NDVI = M (3)
PNIR + PRed
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where pNIR refers to the surface reflectance values of band 5, and pRed refers to the surface
reflectance values of band 4 from the Landsat-8 OLI data.

iv.  The emissivity corrected LST was calculated using Equation (4):
LST=Tp /1+ (A X Tp /p)lne. (4)

where T, is the at-satellite brightness temperature in Kelvin; A is the central-band wavelength
of the emitted radiance (11.5 um for band 6 and 10.8 um for band 10); p is h X c/o
(1.438 x 1072 m K) with o being the Boltzmann constant (1.38 X 1072 J/K), h being Planck’s
constant (6.626 X 10734 J-s), and ¢ being the speed of light (2.998 x 108 m/s) [29]; € is the land-surface
emissivity estimated using Equation (3). Then, the calculated LST values (Kelvin) were converted
to degrees Celsius (°C).

2.4. Preparation of Criteria and Factors in the AHP

Criteria and factors were determined based on the results of the field observations, past research,
and information gained from experts [9]. To get wider image and deeper understanding, a discussion
with experts was conducted to define the criteria, sub-criteria, and factors related to the AHP. The
experts, including professional researchers and officers who engage with public services and the
welfare of both the government and private sectors were interviewed. Gathering information from
experts is a common approach in the AHP and references can be found elsewhere [15,16,30]. In addition
to that, we also met with the respective administrative bodies of settlement constructors and land
selling companies and carried out discussions.

Subsequently, the problem was decomposed by constructing a hierarchy of inter-related decision
sections. From the highest to the lowest level, the hierarchical structure was made to interrelate and
chain all decision sections, and the goal of the study was placed at the upper part of the hierarchical
structure. The bottom level of the hierarchical structure was used to present more detailed factors
inter-related with the criteria in the next upper level. The hierarchical structure is presented in Figure 2.
In the structure, physical factors governed by nature are represented by environmental criteria, while
man-made and modified natural environment factors are classes as socioeconomic factors. A detailed
description of each factor and its relevance for the study is presented in Table 1. All factors were
constructed using secondary data, and the data pre-procedure was dependent on the types of raw
data, as shown in Table 1.



Sustainability 2020, 12, 2918

Table 1. Factors and their relevance including the factor derivation method.

Factors Purpose and Relevance Raw Data Data Sources Data Processing/Method
The high slope area is not convenient for the settlement because of Construction of slope from digital
Slope the risk of landslides [31] and the high construction cost. Considering DEM SDOSL elevation model (DEM) and
that Kandy is a hill country city, slope is a relevant factor for the study. reclassification.
A geological structural fault causes the vulnerability of the settlement
and leads to damage to infrastructure [32,33]. Settlements located on
poor geological structures can be vulnerable to landslides [34], and The suitability of construction was
Geology this may cause many problems, notably land instability and road Geology map SDOSL reclassified in}io a geology ma
damage [29]. This information emphasizes that geological structural geology map-
faults create an unpleasant environment for lodging and directly
affect the LQ in Kandy city.
Kandyan Home Gardens (KHG), which is known as Kandyan Forest
. Gardens (KFG) in Sri Lanka denotes a traditional system of wealth
Green 01 (Kandian . . . .
cropping that has been in practice for several centuries. It refers to .. .
Home garden [35,36] . . . . Proximity analysis was used by
L s mixed settlements with a variety of crops from economically valuable . .
which is known as . . .. . . applying the buffer distance to the
. . groups (spices, fruits, medicinal plants, and timber species), where .
secondary forest in Sri he dli d edaphi . 1 : lod 3 Kandian home gardens.
Lanka) the climate and edaphic environment support luxurious lodges [35]. LULC Map
All types of forest (restricted and reserved) are excluded from the . USGS
: (Section 2.3.2)
Kandian Home garden.
A high-density green environment is important not only for scenic
beauty, but also, as a comfortable living environment [6]. Further, rich Proximity analysis was conducted
Green 02 . . . . . f .
(Forest) green environments are reliable in terms of scenic aspects, aesthetic by applying the buffer distance to
beauty, water recharging, and boosting the natural air regulation the forest area.
procedure to generate a comfortable breathing environment [23,37].
Vegetated land, streams, and channels are sustained by rainfall. Rain gauging station (21 stations)
. Annual . .
However, heavy rainfall can cause several hazards, for example, . data were transformed into spatial
. - . average rainfall datab . . di
Rainfall flooding, damage to buildings and infrastructure, loss of crops and over the last MDOSL ata by using an inverse distance
livestock, landslides [31,38], and risk to human life that can threaten twent ar weighted (IDW) interpolation
the quality of life. Thus, the consideration of rainfall as a factor is ey years technique [17]. Then, this was
. . . (1998-2018) e 1. .
important in LQ studies. reclassified into five classes.
Kandy, as a tropical city, has short seasonal changes, where the dry
period is from January to April. The average daytime ambient
temperature ranges from 28 to 32 °C, and the relative daytime Landsat-8
Land Surface humidity is in the range of 63%-83% [5]. High temperatures can OLI/TIRS data USGS Reclassification by LST based on

Temperature (LST)

negatively affect the ability to lead a healthy life. They may lead to a
low LQ [39,40]. Due to the absence of continuous air temperature
data measured at ground level, remote sensing based LST was
derived [5,8]

(Section 2.3.3)

suitability class




Sustainability 2020, 12, 2918

Table 1. Cont.

8 of 22

Factors

Purpose and Relevance

Raw Data Data Sources

Data Processing/Method

Transportation

Transportation facilities are crucial not only for mobility but also for
access to resources. From the perspective of quality of life, the level of
service is based on the available transport facilities [41]. Additionally,
the price of residential land and social status are influenced by
transportation facilities. Thus, considering transportation as a
one-factor in LQ research is important.

Roads and
railway

Main city

When it comes to choosing a place to lodge, everyone has their
priorities and subjective tastes. Still, there are specific attributes,
among them, the distance to the main city. This is the principal factor
because the main city provides many services including those related
to livelihood and infrastructure [42]. Additionally, living in the city is
prestigious to residents and is an indicator of social class. Hence, the
distance from the main city is an important factor for measuring LQ.

Kandy City

Healthcare

Healthcare is an essential factor in the quality of life, and the
availability of hospital facilities can reduce life risk by accidental
damage [9]. Both private and public hospitals were considered.

Teaching and
regional

hospitals SDOSL

Education

Schools are education hubs that provide not only subject knowledge
but also improvement of attitude [9].

Main schools

Safety

The safety factor was selected by considering police stations because
they provide national security at the regional and local levels [9].

All police
stations

Religious places *

Engaging with religious activities brings spiritual power, which is
vital for mental health to build a perfect life [43]. As noted in
Section 2.1, Kandy is a famous cultural city because it is home to the
temple of the Tooth Relic (Sri Dalada Maligawa). Additionally, it is
ethnically diverse due to the historical religious places located not
only in the city area but also in its surrounding area.

Buddhist
temples,
churches, and
mosques

Archaeological sites

The ancient monuments and archaeological sites create a pleasant
settlement environment with scenic beauty. Additionally, they
provide value due to satisfaction from preserving a historic
environment; in other words, they maintain the natural heritage or
cultural heritage for future generations [44]. People love to live close
to archaeological sites. Land and settlement selling companies also
mainly emphasize archaeological sites as a propagation technique.

Archaeological
and heritage
sites

Proximity analysis was used by
applying buffer distances, as noted
in Table 2

LQ: life quality, SDOSL = Survey Department of Sri Lanka, MDOSL = Meteorology Department of Sri Lanka, USGS = United States Geological Survey. * Because of different types of ethnic
groups, all types of religious places were accounted.



Sustainability 2020, 12, 2918 9 of 22

2.5. Determination of Threshold Using the LQI

As explained in Section 2.4, information from the experts and some similar research was used to
determine the threshold for each factor [9,12]. In the process, the LQ was determined by assigning
five classes from the highest to the lowest life quality, as shown in Table 2. The most suitable living
areas, which consisted of most of the resources for both environmental and socioeconomic aspects,
was designated as the highest LQ zone (Z1). The second zone, which contained resources required for
quality life but not all resources like Z1, was named the high LQ zone (Z2). The moderately habitable
zone, which consisted of fundamental living factors, was denoted the moderate LQ zone (Z3), while
areas with some limitations for livability were classified as the low LQ zone (Z4). The areas with
more limitations and fewer resources were categorized as the lowest LQ zone (Z5). Subsequently, the
reclassification method or buffer zones of multiple radii were used on each factor to make the five
classes listed above (Table 2). This is the most commonly applied technique in spatial multi-attribute
decision making research [4,9,12].

2.6. Pairwise Comparison and Weights Calculation

Logical decisions result from the comprehensive analysis of sets of criteria and alternatives because
many factors may have influenced one decision. Hence, identification of which factors are the most
important and the construction of rank order with priorities is quite a challenging task. The experts
carried out the AHP by pairing two factors according to their relative preferences on a scale of 1-9 [45]
by answering the question, “By how many times is the selected factor more significant/better than the
other one of the pair” [46,47]. In the process, the following steps were carried out:

First: Pairwise comparison questions were prepared by using the criteria and factors presented in
Figure 2 and Table 1.

Second: A group of experts with comprehensive knowledge about factors in different fields was
carefully selected to avoid factor bias due to their interests (the details of the experts are mentioned in
Section 2.4)

Third: Formal interviews were conducted with 52 experts to complete the AHP questions. Then,
fault-free questionnaires were rectified and lined up for the next step.

Fourth: Based on the answers given by the experts, pairwise comparison matrices were prepared
for criteria, sub-criteria, and factors.

Fifth: The consistency ratio was calculated, and the prioritization of factors was then conducted.

Consistency of expert judgment is a vital attribute of an AHP to ensure the reliability of the
results. Hence, in the AHP framework, the consistency ratio (CR) was calculated to ensure the overall
consistency of judgments. According to Thomas L. Saaty (2008) [48], the CR value uses a priority
vector, which could be 0.10 (10%) or less (< 0.1) to present a consistency of preferences. If the CR is
higher than 10%, judgments should be revised subjectively. In this study, the CR was computed using

Equation (5) [49,50].
CI
=TI ®)

where CR is the consistency ratio, Rl is a random index introduced by Saaty in 1980 [45], and CI is the

CR

consistency index that represents a value of departure from consistency. The CI index was calculated
using Equation (6) [50].

Apax — 1
[= —
C p— 6)

where Amax is the largest eigenvalue in matrix A, and 7 is the dimension of the matrix.
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The row geometric mean method (RGMM), which is one of the most popular methods in AHP and
MCDM research [50], was used to calculate priority weights, as explained by Equation (7). The priority
weights of factors were multiplied by the weights of the criteria and sub-criteria within the same
hierarchical level. Then, all factors were normalized and ranked, as summarized in Table 3 [49,50].

Py(A}) = ]1 pi(A;)" @

where Py(A;) presents the final comparison of criterion j,P;(A;) is individual judgement i of criterion j,
and W; is the weight of individual judgement I. }.!" ; w; = 1 and n is the number of experts [51].

2.7. Computation of LQI with MCDM

The derived weights were multiplied by their respective factors, and all factors were merged into
a single layer to compute the LQI in Kandy City, as per Equation (8).

n=13
LQI = Z X;Wj (8)
i=1

where LQI is the life quality index, xi is factor i, and wi is the weight of factor i.

2.8. Spatial Analysis with Gradient Zones

The spatial variation in the quality of life from the city midpoint to the peripheral area was
computed by the gradient analysis method. In the process, a sequence of buffers was created around
the city center with a 1 km distance interval. It covered 10 buffer zones. Subsequently, the land fraction
of each buffer zone was calculated by LQI classes. Finally, the spatial distribution of the the life quality
and some statistical analyses were performed.
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Table 2. Factor threshold and suitability classes.

11 of 22

LOI Highest Livable Zone High Livable Zone Moderate Livable Zone Low Livable Zone Lowest Livable Zone
Factor threshold classes Z1 z2 Z3 Z4 z5
Slope [52] <5° 5°-11° 11°-17° 17°-31° >31°
Charnockitic Gneiss, Garnet
Geology 53 T et Gna, - otte Homblende LT Mae TP quartateand quart
Undifferentiated Charnockitic biotite migmatites !
Biotite Gneiss

Green 1[6,37] nside G1 (exi‘,jimg restricted <0.25km 0.25-0.5 km 0.5-0.75 km ;2: iskemxsll;?nzg fﬂ;ﬁg‘i
Green 2 [6,37] 0.5 km 0.5-1.0 km 1.0-1.5 km 1.5-2.0 km >2 km

Rainfall (annual) [38,54,55] 1500-1800 mm 1800-2100 mm 2100-2300 mm 2300-2600 mm >2300 mm and < 1500 mm
LST [39,56] <22°C 22-24 °C 24-26 °C 26-28 °C >28 °C
Transportation [9] <0.5 km 0.5-1.0 km 1.0-1.5 km 1.5-2.0 km >2 km
Main city <2.5km 2.5-5 km 5-7.5 km 7.5-10 km >10 km
Healthcare [9] <1 km 1-2km 2-3 km 3-4 km >4 km
Education [9] <0.5 km 0.5-1.0 km 1.0-1.5 km 1.5-2.0 km >2 km
Safety [9] <1 km 1-2 km 2-3 km 3-4 km >4 km
Religious places <2km 2-4 km 4-6 km 6-8 km >8 km
Archaeological sites <2 km 2-4 km 4-6 km 6-8 km >8 km
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3. Results

3.1. Determination of Weight and Weight Prioritization

Weights were calculated for criteria, sub-criteria, and factors using pairwise comparison matrices,
as explained in Section 2.6. Subsequently, the ranks of the factors were computed to determine the
importance of factors. The descriptive statistics of the calculation are summarized in Table 3. As a
result, socioeconomic criteria obtained approximately double the weight of environmental criteria.
From the sub-criteria, the largest weight (0.669) was observed for proximity, while the lowest was
presented for the climate as 0.055. The results of the priority weights show that the highest value is
presented for the transportation system, while the third priority was observed from the main city. One
of the highlighted results is that both factors (main city and transportation) are categorized under
the sub-criteria of proximity. Moreover, these results emphasize that proximity to transportation and
the main city are the key factors in LQ in Kandy City. Transportation, main city, and school were
the socioeconomic criteria represented in the top five factors, while the other two factors (slope and
green 1) were environmental criteria, as shown in Table 3.

Table 3. Weights of criteria, sub-criteria, and factors concerning the priority weights and ranks.

Criteria Sub-Criteria Factors Priority

Weight Rank
Category Weight Category Weight Category Weight

Topography 0.655 Slope 0.833 0.18 2

Geology 0.167 0.04 8

. Live with Green 1 0.750 0.07 5
Environmental 0.333 reen 0.29

& Green 2 0.250 0.02 9

Climate 0.055 Rainfall 0.667 0.01 11

LST 0.333 0.01 13

Proximity 0.669 Transportation 0.750 0.33 1

Main city 0.250 0.11 3

Healthcare 0.258 0.04 7

Socioeconomic 0.667 Public services 0.243 Education 0.637 0.10 4

Safety 0.105 0.02 10

Cultural and 0,088 Religious places 0.833 0.05 6

religious Archaeological sites 0.167 0.01 12

3.2. Spatial Distribution Pattern of Factors

The spatial distribution patterns of each factor are illustrated in Figure 3, while the descriptive
statistics are tabulated in Table 4. High slope areas are dispersed in the southern part of the study
area, while a low elevation area is observed in the north of the study area, as shown in Figure 3a. The
Z1 and Z2 slope classes represent 68% (Table 4b) of the slope factor. There are 10 geology categories
scattered over the study area. By considering the suitability for living (residential and commercial),
a geology map was categorized into five classes. Among them, Z1 and Z2 jointly contributed to
172.9 km? (43.2%).

As illustrated in Figure 3c, more than 90% of the green 1 area comes under Z1 and Z2. Moreover,
both restricted and reserved forest areas dispersed in the middle and northeast sides (Figure 3c) are
considered to be Z5 areas due to the restriction to residences and construction. However, lodging in
surrounding forest areas is associated with long livability due to the power of forests for improving
people’s mental and physical health. Buffer zones for forest areas were made, as shown in Figure 3d.
For the green 1 fraction, 45.5% and 47.3% of the area was classified as Z1 and Z2, respectively. Out of
13 factors, green 2 is the only factor that has a higher portion of land (65.8%/263 km?) classified into Z5,
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as shown in Table 4. Less rainfall can lead to a dry environment, which is not convenient for living,
while more rainfall may cause hazards. Hence, areas with both lower and higher levels of rainfall are
considered to be in Z5, although only 6.6% of the classification was due to the rainfall factor. The rest of
the rainfall area was categorized into four classes (Figure 3e). A high-temperature zone was observed
in the city’s core area and some parts of the periphery, as shown in Figure 3f. A raised temperature in
an urban zone may affect the wellbeing of urban dwellers and can affect human health [23]. Thus,
these areas were considered as not comfortable for living and were rated as lower (Z5) or low livable
(Z4) zones, representing 12.1% (48.3 km?) of LST classes.

Environmental factors

# Kandy City

w

-

1]

it

Q

&

o

o

£

o]

=

o]

o Factor threshold

'§ I 21

3 P
[z
[z
I =

Figure 3. Factor thresholds: (a) slope, (b) geology, (c) green 1, (d) green 2, (e) rainfall, (f) LST,
(g) transportation, (h) main city, (i) healthcare, (j) education, (k) safety, (1) religious places, and
(m) archaeological sites.



Sustainability 2020, 12, 2918

Table 4. Descriptive statistics of life quality (LQ) classes by factors.

14 of 22

a. Area (km?) by factors

Lat Slope Geology  Green 1 Green 2 Rainfall LST Transportation ~Main city ~Healthcare Education  Safety Religious Archa(.eologlcal
classes places sites

Z1 127.8 172.9 182.2 345 49.0 7.3 229.3 16.0 412 67.3 24.7 332.8 47.1

Z2 144.1 156.0 189.1 33.5 133.2 151.6 92.8 48.0 105.9 130.5 73.6 65.9 84.0

Z3 72.8 12.4 1.9 35.2 63.1 192.7 35.4 80.0 114.1 86.5 96.2 14 97.2

Z4 53.4 20.7 0.0 33.7 128.5 41.1 17.4 112.0 70.4 40.3 82.3 0.0 83.8

Z5 1.9 38.0 26.9 263.0 26.2 72 25.1 144.0 68.4 75.4 1232 0.0 87.8
Total 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0 400.0

b. Area percentage by factors

Lat Slope Geology  Green 1 Green 2 Rainfall LST Transportation ~Main city ~Healthcare Education  Safety Religious Archafeologlcal
classes places sites

Z1 319 43.2 45.5 8.6 12.2 1.8 57.3 4.0 10.3 16.8 6.2 83.2 11.8

Z2 36.0 39.0 47.3 8.4 33.3 379 23.2 12.0 26.5 32.6 18.4 16.5 21.0

Z3 18.2 3.1 0.5 8.8 15.8 48.2 8.8 20.0 28.5 21.6 24.1 0.3 24.3

Z4 13.3 5.2 0.0 8.4 321 10.3 4.4 28.0 17.6 10.1 20.6 0.0 21.0

Z5 0.5 9.5 6.7 65.8 6.6 1.8 6.3 36.0 17.1 18.9 30.8 0.0 22.0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100
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The second higher portion (57.3%) of Z1 as influenced by transportation (Figure 3g). However,
access to transportation facilities was much less in the southeast part of the study area because of the
mountainous topography. The classification of the main city factor gradually increased from Z1 to Z2,
as illustrated by Figure 3h. When all thirteen factors were compared, the lowest land portion of Z1 was
attributed to the main city factor 4% of the total area. More than 50% of the total area of healthcare was
represented by Z2 and Z3, and the same scenario was also observed for the education factor, as shown
in Table 4b. The south and southeast parts of the study area were mostly not covered by a safety factor,
while more than 50% of places classified as having this factor belonged to Z4 and Z5, suggested that
safety is currently unsatisfactory. A total of 83.2% (332.8 km?), which is the highest land portion, of
areas belonging to Z1 are represented by religious places, as revealed in Table 4b. Further, it is the only
factor that is absent of any land fraction in Z4 or Z5, as illustrated in Figure 31.

3.3. LQI in Kandy City

MCDM and the AHP were used to produce a weighted life quality index for Kandy City. Many
researchers have theoretically and practically stated that the range of numerical values generated by
MCDM has no scientific sense other than to explain the research area in relative terms. The values of
LQI range from 1.06 to 4.56 throughout the study area. There are many classification methods powered
by various kinds of software and applications. Among them, we tested six methods powered by Arc
GIS version 10.6, and results were crosschecked with field observations. In addition, we discussed the
results with experts. Finally, as a result of a lot of trial and error, the natural break method, which is the
most frequently applied technique [12,57,58], was adopted in our research to make an LQI zonation
map. Its spatial distribution is shown in Figure 4a, while the summarized results of the area and area
percentage of LQI in Kandy City are presented in Figure 4b.

(b)
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<
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g g 5 g g
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a a o o o
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Figure 4. (a) Distribution of the life quality index (LQI) and (b) descriptive statistics of LQ index (LQI)
of Kandy City.
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The results show that the highest LQ zone covers 103.3 km?2, which is 26% of the total study area,
as illustrated in Figure 4b. As one of the highlighted results, the highest LQ zone is somewhat skewed
to the north side of the study area. A scatter distribution pattern presents a high LQ zone which is
covered with the highest land fraction of 138.5 km? (35%). Moreover, the highest and high LQ zones
jointly make up 61% or 241.8 km? of the land fraction, as shown in Figure 4b. The moderate, low, and
lowest LQ zones cover 20%, 10%, and 9%, respectively. The lowest LQ zone is mainly found in the
southeast and northeast of the study area, as illustrated by Figure 4a.

3.4. Distribution of Life Quality from the City Center

A gradient zone analysis was carried out to get a deeper understanding of the spatial distribution
of life quality from the city’s midpoint to the border area. LQI zones with gradients are presented in
Figure 5a, while each gradient zone (from GZ; to GZ;j) is shown in the LQI zones in Figure 5b. The
area of the highest LQ zone gradually declines from the city midpoint to the border area, while the
low and lowest LQ zones have the opposite trend, as shown in Figure 5b. The areas of the other two
zones (high and moderate IQ zones) also decline when moving away from the city center, but slight
fluctuations were noticed. More than 80% of the first GZ is represented by the highest LQ zone, and the
rest is covered by high and moderate LQ zones. The other two LQ zones are not represented by GZ;,
as shown in Figure 5b. At least 80% of the total extended area of GZ, to GZs is covered by the highest
and high LQ zones, and the trend gradually declines so that the last zone (GZ1g) covers only 33.5%.

(a) | (b)
® Highest LQ zone High LQ zone
Moderate LQ zone Low LQ zone
B Lowest LQ zone

100% - —--—.I

80% A
60% A

40% A

Percentage of land fraction by LQ zones

[ Highest LQ zone [ ] towLQzome 20%
- HighLQ zone - Lowest LQ zone
I:\ Moderate LQ zone
. N 0% -
* KandyCity A 1 2 3 4 5 6 7 8 9 10
0 5 10 20 Km

X ) | Distance from city center (km)

Figure 5. (a) Spatial distribution of the LQI with gradient zones from the city center to the peripheral
area, and (b) area proportion by LQ zone in each gradient zone (from GZ1 to GZ10).

4. Discussion

4.1. Urbanization and Its Effect on Life Quality in Kandy City

Kandy City is a fast-growing city and essential tourist destination [18] located in the central
mountain area, and it is wealthy with well-being attributes (social, economic, and environmental),
which brings high livability. Additionally, it is the main city of the central province and is one of the
important economic hubs in Sri Lanka. Thus, conducting this type of research is a timely vital task to
identify the level of life quality of residents. In the process, we first identified the importance of Kandy
City as a commercial and living place by exploring past research [19,20] and development plans [59].
However, research related to the quality of life or livability of the city was still lacking, and this was the
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motivation factor for selecting this research title. Both primary and secondary data were gathered from
reliable and trustworthy data sources, and methodology including AHP and MCDM was adopted.
A group of experts was selected in order to cover all factors, and factor bias was avoided. Finally, a
weighted LQI with five zones was made. Throughout the whole process, especially in field activities,
our research team took responsibility for minimizing liveware faults as much as possible.

The results of the AHP show that, among the criteria (level 1), socioeconomic factors obtained a
higher weight (0.667) than environmental factors. These results indicate that socioeconomic factors
influence the life quality in Kandy City more strongly than environmental factors. Proximity, which
was categorized as a socioeconomic factor, obtained the highest weight of all sub-criteria (level 2).
Furthermore, the highest weight (0.33) from all 13 factors was transportation (level 3). In 2019,
Dissanayake et al. [5] stated that Kandy City has shown a linear city development pattern in the last
twenty years. Our LULC classification results also proved this linear development pattern. Figure Al
shows that impervious surfaces are mainly distributed around the road network. We also observed
this pattern through our field visits. These results indicate that the factor triggering life quality in
Kandy City is the transportation network. Primarily, new settlements have been constructed in close
proximity to the roads. New apartments and land fragmentation projects for new settlements have
taken place around the main and minor roads. Our results and those from secondary sources reflected
the ground-level scenario in the Kandy City area.

While we conducted field observations, some qualitative information related to the quality of life
was also collected from residents using informal interviews. Most respondents who resided in the
peripheral area stated that they wish to settle close to Kandy City due to the proximity to resources
and infrastructure. The group of experts also gave the same idea. Additionally, the results of the life
quality GZs show that the highest LQ zone is also distributed around the main city (Figure 5). It is
approximately 5 km from the city center. By observing these facts, we can see that highly livable
areas or high life quality areas are grounded by surrounding the central city area. Hence, respective
government and private companies should have a plan to provide more lodging facilities surrounding
the main city area, or they could plan to decentralize the resources to other areas.

4.2. The Implication of Our Results for Enhancing the Life Quality of Urban Life

Except for the green factors (forest and Kandian home garden), physical factors (geology and
rainfall) are governed by nature. We cannot change these factors according to our preferences. Hence,
human activities should be based on physical factors by changing socioeconomic attributes in order
to reach a higher quality of life. On the other hand, we must adapt to nature by making changes to
natural factors to promote a high quality of life. As an example, a green environment can be enhanced
through the green belt and other applications identified by past researchers, even in Kandy City [5].
The green environment brings several benefits, and it is a suitable solution for controlling the negative
effects of LST [18]. Higher LST significantly reduces the quality of life. Thus, enhancing the green
environment is an essential, timely task, and green 1 was ranked in the top five most important factors,
as shown in Table 3.

An area of 158.2 km? or 39% of the study area was classified into the lowest three LQ zones
(moderate, low, and lowest), and most of these areas were located at least 7 km away from the city
center (Figure 5b), especially in the northeast and southeast, as shown in Figure 4a. Further, these
areas lack public services including healthcare (Figure 3i), education (Figure 3j), and transportation
(Figure 3g). However, these services are fundamentally required for enhancing life quality. Hence,
respective administrative bodies should take responsibility for enhancing these public services in order
to sustain the quality of life in peripheral areas.
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As mentioned above, Kandy City is a fast-growing city. It has a high demand for land for both new
investments and settlements. Mainly, the demand surrounds the main city area. Thus, identification of
the most livable areas is essential for people who are expecting to buy land in Kandy City and respective
administrative bodies (government and private) who provide services for the new settlements. We
believe that the results of our research can be used as proxy indicators to generate policies regarding
life quality planning and future development scenarios. Regarding the implications of the research
results, future city plans should be life quality-oriented, aligning with “goal 11” of the sustainable
development goals (SDGs) [60].

As we have detailed, discussed, and illustrated, quality of life depends on both socioeconomic
and environmental factors. Some of the factors are more important, while some of the factors are less
important. However, we only investigated 13 factors that are applicable for spatial analysis. In this
regard, methods applied by past researchers and experts” ideas were mainly considered. Due to the
difficulty of collecting data and inapplicability to spatial analysis, human emotion factors or other
preferences influenced by social caste or ethnic groups were not accounted. There may be more than
13 factors that can directly and indirectly influence the quality of life, but available data sources were
limited, and some of the data sources could not be trusted. We omitted these data sources from this
research. Thus, the results may be interpreted by considering these limitations.

5. Conclusions

This study attempted to develop a life quality index for Kandy City, Sri Lanka using a geospatial
approach with AHP and MCDM. The decomposition of factors and construction of a hierarchical
order were carried out using information from experts and past research. The AHP approach was
performed through pairwise comparisons and derivation of the weight of each factor. MCDM was
used to resolve the complex decision environment generated by multiple factors. Socioeconomic
criteria were more found to be more necessary than environmental criteria, while proximity was the
most sensitive among all sub-criteria. The transportation facility was the most significant factor and
presented the highest rank on the LQI in Kandy City. The highest LQ zone was shown to surround
the main city, and this was proven by GZ analysis also. The results imply that urban pressure and
overpopulation can be controlled by improving socioeconomic facilities in the peripheral and rural
areas. Due to the socioeconomic resource availability, people attempt to live in urban areas or close to
urban areas. We conclude that the overall findings of this research can be used as guidance for the
sustainability of Kandy City. Selected factors will not be a one-size-fits-all approach for any city, but
the LQI model is flexible for any calibration. Hence, the constructed model can be applied to other
cities to assess their life quality.
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Figure A1. Land use and land cover information in 2018 in Kandy City.
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