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Abstract: Diversity in economic activity can be found at different spatial scales in cities” urban
morphology. Spatial capital is defined as the area’s physical appearance, which is important for
enhancing economic activities in urban areas. It addresses how urban form, as a result of urban
design, influences urban life—that is, how it supports and creates the potential for variations of
urbanity and spatial diversity. The aims of this study are (i) to measure the economic diversity based
on Simpson’s diversity index by using points of interest (POI) data, which can reflect economic
activity functions in the tourist city of Surat Thani, which is mainly used as a jumping off point for
land travel to other islands off the east coast of Thailand; (ii) to explore the space syntax to measure
the values of urban morphology by integrations with DepthMapX Software; and (iii) to investigate
the relationship between measures of the degree of spatial morphology configuration and patterns of
spatial diversity of economic activities using the Pearson’s correlation coefficient. The study found
that measuring the values of urban morphology can generate variations in spatial accessibility that
are positively related to the variety of economic diversity, especially in terms of the availability of
convenience stores, shops, and bank branches. This research is beneficial to planners in identifying
important economic areas of the city, whose complex spatial interactions between commerce and
urban morphology influence the current demand for economic space.

Keywords: urban morphology; spatial capital; economic diversity; space syntax analysis

1. Introduction

The concept of urban morphology is the study of human habitation in the context
of its spatial structure and characteristics in the dimensions of shape and form at many
levels, starting from individual buildings to plots, public spaces, and street patterns, until
the city level [1-3]. The field of urban morphology has three main important concepts
which are relevant to the study [4,5]: (1) the field emphasizes the importance of physi-
cal or spatial aspects; (2) the scientific analysis informs the design and layout processes
systematically—more specifically, how the accessibility between spaces in a spatial sys-
tem varies according to changes in the configuration design of the layout; and (3) urban
morphology integrates the architecture and town layout fields, which build a positive
relationship between buildings and urban forms at different urban scales [6,7]. Thus, urban
morphology refers to the city characteristics created by nature and humans. Additionally,
the dynamic of its evolution and social value are both important factors that define and
distinguish each city’s unique individual characteristic from other cities [8,9].

1.1. The Socio-Economics of Urban Morphology

The interpretation of urban morphology involves a process of reading and under-
standing the city’s dimensions, not only in its physical appearances but also in the social
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performativity of urban form addresses the relationship between urban form and urban
life [10]. The changes in urban morphology are caused by the construction, usage, control,
and surrounding changes that have resulted from the social tradition, economy, and the
history of people that have lived in these spaces over time, leading to changes in the form
of the built environment. Moreover, the urban morphology evolves in each important
historical place and time. It can be read and understood from the changes in the socio-
spatial patterns and the socio-economic condition of a particular area. Therefore, urban
morphology is the product of the relationship and individual characteristics of the urban
space, environment, people, and time [3,11-15].

The characteristics of urban morphology are relevant to the physical development
of a city, which is an important factor that influences local social and economic changes
and reflects the pattern and changing process of the urban structure along with changes
in the specific forms and activities of human habitation [12,16,17] that have occurred in
specific places in the city [4,16,18]. These can be said to generate a socio-spatial category
called “urbanity” [15], which refers to urban morphology as a result of urban design,
influences urban life, and creates the potential for variations of urbanity. Therefore, the
urban morphology characteristics are “the local spatial capital” that has developed a
unique form as a built environment consistent with the context of the location, local
traditions, and socio-economic changes that support sustainable development in the area.
Another important feature of urban morphology is the transportation network, which
makes different communities and districts conveniently reachable and linked to the other
parts of the town to create an active social life and stimulate the local economy [7,16].

1.2. The Definition and Measurement of Spatial Capital

The role of economic activities has always been a factor in influencing how a city
develops and transforms functions at different urban scales [19,20]. Spatial capital in this
case is seen here not only as a spatial component to measure accessibility patterns but also
as a resource that produces multiplied values in socio-economic benefits and transactions in
terms of economic properties [21-23]. Even though it is generally admitted that morphology
and location parameters comprise the most influential factors of economic vitality in urban
areas, spatial accessibility, which quantifies urban morphology, has gained little attention
in economic diversity literature despite the fact that urban morphology plays a crucial role
in shaping the development of urban economic structure [24-26]. Thus, studying urban
morphology is important for city planning and socio-economic development as it helps
urban planners to understand the significance of local physical patterns and structures to
enable better design in the urban development plan to support urban growth.

The past decade has seen tremendous progress in urban morphology studies to de-
scribe, classify, and represent various types of urban space through the visualization and
analysis of spatial data and the socio-economic properties of urban form [7,27-29]. Recent
methods proposed to assess the relationship between morphological bases of urban areas
and socio-economic diversity include those developed by Ye et al. (2017) [30], de Koning
and van Nes (2019) [31], and Sun and Meng (2022) [32]. Improved computing capacity
has allowed quantitative tools to contribute to great advances in the spatial analysis of
urban morphology, such as combining space syntax analysis into one model through the
use of the Geographical Information System (GIS). The GIS, as a tool for combining large
amounts of place-specific socio-economic data, is increasingly important in urban studies.
There are also a growing number of urban studies using space syntax theory and geomet-
rical statistics to study urban morphologies [33]. However, at present, there are no direct
investigations that examine the relationships between spatial capital and socio-economic
differences using multiple perspectives, especially in the tourist cities of Thailand.

Surat Thani is the most prominent and fastest-growing city in Southern Thailand [34].
A total of 157,623 tourists (include 145,947 Thais and 11,676 foreigners) visited popular
attractions in Surat Thani, generating 1.25 billion baht for this southern coastal province
of Thailand, according to a report by the Tourism Authority of Thailand (TAT) in 2021.
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Surat Thani has enormous potential for economic growth in its tourism and travel industry
because it is a commercial and transportation hub [35]. Its location is important for marine
transportation to many islands in the Gulf of Thailand, including the archipelago that
contains Koh Samui, Koh Phangan, Koh Tao, and the Mu Koh Ang Thong Marine national
park. It is traversed by the Ta Pi River, which flows through the city down to Bandon Bay,
one of the essential maricultural areas of Surat Thani Province [36]. At the heart of the
city is the old town, which grew alongside the Ta Pi River with residential, commercial,
entertainment, and service areas. Over time, with increasing automobilization, it has also
suffered, like other fast-growing urban centers, from traffic in its limited network of roads.
Surat Thani City has grown continuously in the past decades, and much of the urban land
expansion has been to the east and south, with new roads connecting to the old town [37].
However, there is a paucity of studies identifying the spatial composition of economic
activities in the urban area of Surat Thani City.

This research aims to analyze the relationship between multiple spatial form variables
of differentiation in spatial morphology with a direct impact on economic diversity and
present the results of our extensive empirical study of an urban area in Surat Thani. This
study investigates the role of spatial capital obtained from spatial configuration measure-
ments of space syntax analysis, which is a technique for the morphological analysis of the
city and its relation to economic properties embedded in the city’s urban form. The key
element to analyze in this study of space configuration is accessibility. One of the tested
methods measures the relative accessibility of different locations by partitioning the spatial
system into relatively independent but connected subspaces of the urban areas [10,20].

Additionally, the research integrates the analysis of the local economic diversity and
urban morphology characteristics, focusing on the space syntax analysis of the human
traffic network for reaching the area [38]. The expected results from this study are to
identify urban morphology characteristics and spatial patterns of economic integration in
the tourist city of Surat Thani. Moreover, we have classified the types and variety of the
economic activities in the spatial-dependence interaction of economic activities on urban
morphology to determine the potential tourist areas of Surat Thani City. The expected
findings of the study may be useful for urban planners and urban designers by identifying
the important spatial characteristics of the local economic zones and using the measurement
data to support their planning solutions to improve the spatial accessibility and diversity
of these zones.

2. Case Study and Methodology
2.1. The Case Study Area

Surat Thani is the largest city and one of the main tourist attractions in Southern
Thailand [39,40]. This city’s population in 2019 was 132,040, with a population density of
1914 persons per km?. There are no popular tourist destinations in this area. However, it is
popular among tourists since it has been the main hub for tourists connecting to the Mu
Ko Ang Thong National Park on Samui Island, Tao Island, and Phangan Island. As a case
study, the research focuses on the downtown, and the extension in the urban periphery
covers approximately 34.48 km?. The downtown or inner-city zone, at 13.43 km?, covers
the built areas that have spread out along the shores of the Ta Pi River in the northwest up
to the Srikasem Road, which is the first ring road of the city.

Additionally, the old town includes two minor roads, Talad Mai Road and the
Chonkasem Road, which are important routes in the city’s center. Meanwhile, the city’s
expansion into its outer city zone is in the direction of the south and east from the edge of
the city center, filling in the spaces towards the Liang Muang Road, a new ring road that
encloses an expansion area (the “outer city zone”) of 21.05 km?. For the map of the study
area and its transportation network, see Figures 1 and 2.
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Figure 1. Location of the study area and the spatial pattern of the points of interest (POI) are
distributed in the inner and outer zones of Surat Thani city.

Figure 2. The scenes of the inner zone of Surat Thani city (a,b); the old central district close to Ta Pi
River and the new business district along the Talad Mai Road, a major city road (c,d).
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2.2. Analytical Framework and Data Collection

Three research processes are employed in this study: (1) analyzing the geographical
pattern of economic activities and measure economic diversity, (2) investigating spatial
capital by employing space syntax analysis to estimate the degree and pattern of spatial
integration accessibility, and (3) analyzing correlations to explore the associations between
types of economic diversity and the spatial capital of the study area, as presented in
Figure 3. Furthermore, a total of 224 economic activity points have been downloaded
as points of interest (POI) data for the study through the OpenStreetMap Website (https:
/ /www.openstreetmap.org, accessed on 14 February 2022) and used as input for the QGIS
Version 3.18 Program (https:/ /qgis.org, accessed on 30 November 2021)—the open-source,
cross-platform desktop Geographic Information System (GIS) used for this work. POI
usually refers to the point elements of geographic features as places that are closely related
to urban socio-economic and people’s lives, covering various socio-economic sectors in the
city [41,42]. POI provides new ideas for innovative empirical research and the application
of human-space relationships in urban areas, integrating the application of POI points
to identify and evaluate the spatial patterns of human activity systems, characterize and
predict the spatial distribution of socio-economic activities, and explore and analyze the
interacting relationship between human behavior and urban structure [43].

Space Syntax approach to estimates

Points of interest (POI) data from ’ the degree of spatial integration

OpenStrectMap accessibility
! !
Geographic Information Axial map analysis using
System (GIS) DepthMapX
l
Measuring the density of Simpson’s diversity index (SDI) Mapping spatial capital and its
economic activities to measure economic diversity spatial-integration patterns

l

Spatial statistical analysis by quadrat
thematic mapping

[

Correlation analysis to explore the association between the
types of economic diversity and the spatial capital

Figure 3. The analytical framework in this study.

In this study, the 10 proposed different categories of POI’s economic activities to
establish a diagnosis are as follows. (1) Tourism: An activity that attracts people to visit an
area given the varieties of major tourist attractions found in the province, for example, the
historical places, temples, art and cultural exhibition spots, the beautiful landscaped rest
areas, other natural resources, and human-made city landmarks. In addition, it includes
important facilities for tourist travel, such as bus stations, ports, hotels, travel agents, and
tourist information centers. (2) Shops: Shopping is an activity that includes retail and
wholesalers of all kinds and sizes. It covers community shops, markets, and shopping
malls. (3) Restaurants: Eating places that provide food service to customers including
all kinds and sizes of city restaurants and food centers. (4) Cafés: Informal places that
sell drinks to customers, such as soft drinks, tea, coffee, and snacks, excluding alcoholic
drinks. (5) Convenience stores: Convenience shops that are open 24 h a day. Most of the
goods inside the convenience stores are finished goods that are ready for consumption.
(6) Fuel: For those with motorized vehicles, gasoline stations are needed for all vehicles
that need refueling. Most of the stations in Surat Thani are located on both sides of the new
primary roads: Liang Muang road and Talad Mai road. (7) Government office: An activity
that requires public services from branches of state agencies that serve the people in the
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community. Most of the offices are located in the old town of Surat Thani, including the
city hall, the provincial court, the provincial education office, the district office, and others.
(8) Banks: Activity places that provide financial services of all kinds, such as bank branches
of national chains, their foreign exchange counters, and automated teller machines (ATM).
(9) Hospitals and clinics: Activity places that provide health care services of all types and
sizes, such as hospitals, health centers, clinics, dental clinics, and pharmacies. (10) Others:
Other kinds of places or activities not included in the previous nine categories of points of
interest (POI).

2.3. Measuring Economic Diversity

After gaining the POI data of the different types of economic activity by the point loca-
tion maps, the summary is described by applying the quadrant method (uniform grid cells)
to explain the point data distribution by counting the amount of each economic activity
in 100 x 100 m sized grids using the “Spatial Join” function of the QGIS Program [44,45].
This issue is followed by calculating the economic diversity by applying the value from
Simpson’s diversity index (SDI) to each grid as presented in Equation (1) below [46]. The
computed value is between 0 and 1. A high value of SDI, or nearly 1, means that the
abovementioned grid has a high economic diversity. In contrast, a low value of SDI, or
nearly 0, means a low economic diversity.

SDI:Z‘IiN(N_l) 1)

where 7; is the number of economic activity points in type i, N is the total sum of economic
activity points of interest in all types, and s is the number of the economic activity types.

2.4. Space Syntax Measures Spatial Integration

The analysis of urban morphology characteristics requires a theory and technique of
mathematical measures to analyze the spatial structures, which have been called space
syntax. Space syntax analysis and theory suggest that the urban configuration affects
human spatial movement patterns in the city, making it possible to predict which paths
will be used more than others [47,48]. In addition, the DepthMapX Software has been used
to build a spatial configuration model of spatial relationships. If the spatial configuration
affects the location of socio-economic activities, then it contributes to the evaluation of the
level of vitality of the city centers. Additionally, the outcome variable in this study has
been used to evaluate the socio-spatial dialectics, which influence the functioning of the
societies that use it and have explanatory potential in studies on urban communities [49,50].
For instance, the integration measures of distance from any space of origin to all others in
a system have been relevant to the axial map and the visual connectivity with visibility
graph analysis (VGA), and this approach provides an evidence-based understanding for
urban planners and policymakers on how current socio-spatial structures induce mobility
inequalities to resolve this key challenge of governance [45]. The calculating result displays
the visual connectivity levels in the area according to the values of the connectivity and
integration analyses in the axial maps that are presented by the spectrum color signs from
red to blue levels. To illustrate, any areas with high connectivity are presented in red tones,
and graded colors to blue are used to present the areas with low visual connectivity.

Moreover, this approach can also represent the statistical analysis of the study area
to correlate observed movement rates and the visual integration values within a city.
Therefore, the measurement of the integration value points will be a key phenomenon to
understand the basics of the accessibility patterns and morphological approaches within
the spatial configuration of streets and can be used for activity forecasting in the area
where the network has been located. In other words, if it is easy to reach, it will be a
supporting factor for increasing the popularity among pedestrians in particular traffic route
areas [20,45]. One of the key measures of space syntax is global spatial integration, which
is used as an accessibility indicator of a street network, and it can be calculated by counting



ISPRS Int. ]. Geo-Inf. 2022, 11, 507

7 of 16

the number of total connections that pass through the city system. To get the total sum,
the axial lines are counted by using the number 1 as the beginning. Then, the following
connecting line is counted as number 2, and counting continues until all lines in the system
are covered. This counting is called the count of radius n value (R = #). The result from
the global integration (HH) value is defined as the integration values of axial lines at the
infinite radius, which is the overall relationship considering the connections between the
selected axial lines and the other lines in the system. In simple terms, the most significant
lines, such as the area’s main roads, are highlighted to display their connectivity with the
other route networks surrounding them. Local integration is a calculation at a local level by
setting some connections to be counted; for example, counting a value of radius “3”, which
is the counting of the beginning traffic route as number 1. Then, the next route connected
to number 1 will be counted as number 2. Finally, only route number 3, further connected
to number 2, is to be counted [51]. Therefore, the calculation is completed without counting
the whole system. The result from this calculation is the local integration (HH) R3 value,
which is the relationship among the minor parts. The measurement depth or connectivity
distance limits the connectivity between a traffic avenue and others. Therefore, the depth of
measurement limitation can be used in the forecast to identify any routes that may become
the center or the main traffic routes in that zone. The higher the integration of a local
primary internal route inside a neighborhood with a good connection to an integrated
primary route at the city scale, the higher the level of pedestrian movement. This method
of calculation could be displayed as a step of the following equation [52,53].

TD(y= ). De(x,i) 2
i€S,i#x
TD
MD() = _("1)) €)
2(MD —1

RA() = 2MD —1) n—2) ) )
RRA — A0 5
i = D, ®)
D, — 2{n[logs("52) — 1] +1} ©)

(n—1)(n—-2)
Global / Local integration = 1/RRA;) )

The space syntax method notes the total depth of line x and represents the depth
between line x and i according to an angle—turning by 0 angles mean 0 turns, while
180 angles mean two turns. The total depth (TD) can be found in Equation (2). In the
second, third, and fourth step, where the mean depth (MD) of an axial line is defined
by Equation (3), several axial lines are put in the calculation according to the Relative
Asymmetry (RA) in Equation (4), which is the Real Relative Asymmetry (RRA) weight
according to the D value in Equations (5) and (6). Finally, global or local integration, as
shown in Equation (7), is obtained by calculation, simultaneously.

In addition, the space syntax is used to describe the quantitative relationship between
the local and the global integrations since it can provide an evaluation indicator of synergy
which is the discriminant coefficient (R?) of the linear fitting equation of the local integration
degree (y) and global integration degree (x) [54]. The higher the value, the more overall
space is perceived to have local space accessibility. The greater the ability to communicate,
the more the local spatial structure helps to establish the larger scale of the entire space
system. In general, the degree of synergy is more significant than 0.5, meaning that people
have great alternatives for route choice and vice versa [20].

In the final stage, statistical analysis is utilized to understand the relationship between
economic diversity and spatial integration values. Therefore, the results obtained from the
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degree of integration are tested against the density of different types of POI and economic
diversity values. In this way, the Pearson Correlation coefficients are used to compare the
independent valuables and the integration data to determine whether there is a significant
difference between the POI characteristics and the diversity index of urban economics in
this study. Moreover, the correlation analysis can reveal that when the integration of the
area is higher, the economic diversities are distributed around the high connectivity routes,
which gives a scientific basis for the supported decision-making process for the proposed
local and community wealth building and socio-economic planning in urban areas.

3. Results and Discussion
3.1. Spatial Distribution of Urban Economic Activities and Diversity

Of all 224 points of economic activities, approximately 77% of them are spread inside
the inter-zone of the old urban area of Surat Thani, or 174 activity points, which was more
than the outer zone, which had 50 activity points. As per the individual consideration of
each type of economic activity point in all study areas, it has been found that “shop” was
the activity that appeared the most in the research field, with 52 activity points or 23% of
all. Additionally, this category is spread inside the zone of San Chao Market on the shore
of the Ta Pi River, where the old commercial center of the town is located. Moreover, it
has reached the new commercial zone on both sides of the Talad Mai Road. However, the
tourism, restaurant, café, convenience store, and government office POIs have been found
in the next lower five activities (Figure 4a). If only the inner zone had been considered,
there were 147 activity points found, or 84% of the total points in the downtown. These
conformed to the type of ribbon development where economic activities were settled along
both sides of the Talad Mai Road, which is 3.8 km long and by the Ta Pi River. At the same
time, the “Tourism” activity points are found most in the city center of Surat Thani, with
41 points or 24% of all activity points in the city center. The following activities in order are
shops, restaurants, cafés, convenience stores, and government offices. The ratios of each
activity are indicated in Figure 4b.

(b) (©
4.40% 3.85% 5.44%  3.40% 2.86% 5.71%
034%

5.44% _
L 052% "
: 3.30% ) el 36% '

15.38% " 13,61%1

2.75% 2.72% 2.86%

@
4.40%

Points of interest (POI)
W Bank M Café M Shop Fuel B Tourism

B Hospital & Clinic Restaurant Convenience store [l Government office Bl Others

Figure 4. The ratio of each point of interest (POI) in (a) the study area, (b) the inner zone, and (c) the
outer zone.

In contrast, the activity points inside the outer zone made up 23% of the total in the
study area. All activity points were spread alongside the bypass roads, the Liang Muang
Road, and the Talad Mai Road. Both roads link to the commercial zone downtown. The
activity point found the most in the outer zone was “shops”, which equaled 12 points or
23% of all activities in the outer zone, such as hypermarkets, shopping complexes, building
supply stores, and new and used car dealerships. However, the next five activities were
in the following order: tourism, fuel, convenience stores, banks, and cafés (see Figure 4c).
Therefore, the overall preliminary distribution of the economic activity points in Surat
Thani describes a pattern of a concentration and diversity of economic POIs in the heart
of the city. This concentration of economic activities in the central business district is a



ISPRS Int. ]. Geo-Inf. 2022, 11, 507

9o0f 16

significant pull factor that attracts residents and tourists to come and take advantage of the
many facilities in the economic zone, such as trade and services, shops, restaurants, cafés,
and convenience stores.

In addition, a density estimation was determined using the Kernel Algorithm from the
Heatmap in QGIS to analyze spatial point patterns of the economic activities in the research
zone. The results show that most of the economic activities are bunched up massively in
the central area due to the commercial zone along both sides of the Talad Mai Road, the
largest cluster area. Furthermore, this is the city’s major transportation route, where four
educational institutions and other business properties are located: Surat Phittaya School,
Surat Education School, Surat Thani Vocational Education College, Thepmitrsuksa School,
agricultural market, bus station, Taksin Hospital, a shopping mall, banks, and financial
institutions. Moreover, it is connected to many collectors and feeder streets (Figure 5a).

@
o Points of interest (POI)
Density estimation (K-function)

(b)
Simpson’s diversity index (SDI)
D Less than 0.1

Ho1-05

D Less than 4.256

[ ]Mean = 4.256 Bos-063
[J4.256 — 15.982 Bos3-o07
B 15.982 - 27.708 B More than 0.7

B 27.708 —39.434
B More than 39.434

Figure 5. The spatial distribution of (a) the points of interest (POI) (mapped using kernel density in
QGIS), and (b) the Simpson’s diversity index is used for the calculation of the diversity of zoning POL

Furthermore, as per Simpson’s diversity index, in a total of 152 grids, we found that
the grids that had the highest value for the SDI (0.74) were in the two areas that had the
most variety and diversity of economic activities, as in the surrounding area of Surat Thani
City Fresh Market and the intersection that connected with Talad Mai Road and Chonkasem
Road. Additionally, most spatial distribution patterns of economic diversity were attached
to both sides of other major roads, such as Srikasem Road and Chonkasem Road and Liang
Muang Road, a bypass road. The neighborhoods in these areas have had high levels of
urbanity in terms of economic activities and flourishing street life, as presented in Figure 5b.

3.2. Spatial Capital Measured and Its Implication for City Development by Space Syntax

The space syntax analysis, which was used for finding the spatial integration values
in the study area, includes both level values of the global integration and local integration.
It presents the value of the road connectivity by using the spectrum color as presented
in Figure 6. The first two traffic route networks that have the highest value of the global
integration and local integration, at approximately 2.513 and 4.722, respectively, were
found in the inner city zone on the Talad Mai Roads in the business district of Surat Thani,
and the economic diversities were distributed around these high connectivity routes as
presented in Table 1. The table displays the comparison of the space syntax analysis results
for the inner zone and the outer zone, showing that the outer zone or the area that has been
supporting the city expansion had 1846 axial lines in total, and its total axial line length
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was 1846 lines in total or equivalent to 332.27 km, which was more than the inner zone. The
abovementioned result could be caused by the larger outer zone space size compared to
the inner zone. Applying the following consideration as an axial line density is the ratio of
the length of the city zone’s total axial line network to the city zone’s land area per 100 km?.
Thus, it has been found that the traffic route density of the inner zone was higher than the
outer zone at 0.24 km /100 km? and 0.16 km /100 km?, respectively. Therefore, this result is
consistent with the level of spatial capital, as the average values of global integration and
local integration showed both of the inner zone’s average values to be higher than the outer
zone’s values. Furthermore, the synergy coefficient analysis resulted in a higher number, as
presented in Figure 7.

(a) (b)
Global integration (HH) Local integration (HH) R3
/N / —1.00-0.848 /N\/ —1.00-0.739
N/ 0.848-1.075 A/ 0.739-1.140
1.075-1.201 1.140—1.486
1.201 —1.298 1.486—1.803
1.298 —1.394 1.803 —2.126
1.394 — 1.490 2.126 —2.470 /
1.490 — 1.595 r"“ 2.470 —2.831 /
1.595—1.750 2.831—3.190
1.750—1.938 /. VR £ Y, 3.190-3.684 &
1.938-2.513 L B\ Qe /N 3.684—4722 KX

&-500,0 500 Meters FE o M 500 0 500 Meters
[ - — [ & ¢ [ 2

Figure 6. The space syntax model analysis results: (a) global integration value and (b) local
integration value.

Table 1. Mean values and standard deviations (SD, in parentheses) of space syntax for the study area.

Space Syntax Values Inner-City Zone Outer City Zone
Total number of axial lines 1560 1846
Axial line length (km) 318.19 332.27
Axial line density (km per 100 km?) 0.24 0.16
Global integration (HH) 1.50 (0.31) 1.36 (0.26)
Local integration (HH) R3 2.12 (0.89) 1.89 (0.76)
Synergy coefficient 0.7891 0.6848

According to the abovementioned analysis outcomes, Talad Mai Road is the main
route of the Surat Thani traffic network since it has the highest connectivity. At the same
time, Srikasem Road and Chonkasem Road link the major traffic network in the city’s
core area with Liang Muang Road, an outer ring road of Surat Thani. Although the inner
zone roads of the city have a greater number of route connections than the outer zone,
the variability value from the standard deviations (SD), both for the global integration
and local integration, has been found to be more significant than that of the outer zone.
This might be to the complexity of the downtown’s road network system, as there are few
linking routes in the old city, and the depth of their axial lines could be noticed from the
color spectrum, with a blue end of the spectrum represent lesser connectivity.
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Figure 7. City zone synergy scatter plots comparison.

3.3. Investigating the Spatial Capital Based on Accessibility to Economic Activities

The data for global integration and local integration in Axial Maps, which were derived
from the analysis by applying the space syntax, have been modified to be used as input and
summarized as the average values of each grid in the quadrant maps by the GIS Program
(Figure 8). Moreover, both average values have been analyzed to find the relationship of the
number of economic types in each grid by the scatter plot with the mixed functional areas of
urban economy and the spatial integration value that was obtained in both inner and outer
zones of Surat Thani (Figure 9). As a result, in some inner zone areas, the numbers of the
economic activity function reached five types. In comparison, in the outer zone, only two
types at a maximum can be found. In addition, it seems that having a high mixed-economy
value in both zones will lead to positive correlations for the space syntax integration.

(@)
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1147 -1.292
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1
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=
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Figure 8. Gridded maps of the mean of (a) global integration (HH) value and (b) local integration

(HH) R3 value.
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Figure 9. Scatter plots showing relationships between the numbers of economic types for (a) the
global integration and (b) the local integration in the study area.

In this research, both means of spatial integration value (including global integration
and local integration) have been used to identify the dependent variables for the Pearson
Correlation Coefficients test statistics and 10 independent variables. The tourism den-
sity, shop density, restaurant density, café density, convenience store density, fuel density,
government office density, bank branch density, hospital and clinic density, and the mea-
surement of economic diversity using Simpson’s Index of Diversity have been included.
The overall outcome from the whole study field found nine variables that have a positive
relationship with the spatial integrations. A measure of the economic diversity area had a
robust positive correlation with global and local integrations. However, the three following
activities that had a positive relationship with the global integration average value were
convenience stores, shops, and bank branches, in this order (see Table 2). Conversely, the
following activities that had a positive relationship with the local integration average value
were convenience stores, hospitals, clinics, and orderly shops. While the café density had
the least positive relationship with the mean of the global integration, the government
office density had the least positive relationship with the local integration mean.

Table 2. Pearson correlation coefficients between the points of interest characteristics and
integration values.

Global Integration (HH) Local Integration (HH) R3
POI Characteristics
Pearson’s r p-Value Pearson’s r p-Value
Tourism density —0.141 0.150 —0.229 % 0.019
Shop density 0.119 0.225 0.067 0.500
Restaurant density 0.016 0.869 0.026 0.795
Café density 0.010 0.981 0.039 0.693
Convenience store 0.125 0.205 0.134 0173
density
Fuel density 0.037 0.705 0.035 0.725
Government office 0.033 0742 0013 0.898
density
Bank branch density 0.043 0.663 0.027 0.786
Hospital and clinic 0.014 0.890 0.096 0.331
density
Economic diversity 0.201 * 0.040 0.149 0.130

* Correlation is significant at the 0.05 level (two-tailed).

As per the abovementioned relationships, it could be explained that the density
of all economic activities in Surat Thani has a direct variation relationship with both
spatial integration values, except the tourism density, which was the only one that had
an inverse variation relationship with both global and local integration values. Therefore,
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it could be assumed that the city area has a good traffic route network connection and is
easily accessible. The spatial capital can attract clusters of various economic activities in
Surat Thani, except for the tourism activity, which had a significant negative correlation,
especially with the urban spaces with a low local integration value. The POIs that have a
significant correlation to integration values are the essential historical tourist attractions,
temples, art-cultural exhibition spots, beautiful landscaping relaxation places, and the
foundation structures for tourists, such as bus stations, ports, hotels, travel agents, and
tourist information centers. In other words, spread-out rather than concentrated locations
are a unique characteristic of a tourist city such as Surat Thani.

4. Conclusions

This research has attempted to demonstrate the urban morphology concept for ex-
plaining the relationship between urban morphology capital and economic diversity. In
simple terms, the context of both factors could be said to generate a spatial structure of
socio-economic attributes as “urbanity”. Put more distinctly, it addresses how urban mor-
phology as a result of urban planning and design influences urban life and how it supports,
organizes, hinders, and creates the potential for variations of urban economic diversities.
In the following, it is proposed that urban morphology creates something that could be
called “morphological capital” that is measurable.

Firstly, this study has integrated the space syntax methodology—a set of analytical
techniques. It can be used to quantify the spatial integrations for a city, which are measured
by calculating the total depth of space with all the other spaces in the system and the
geospatial analysis by the GIS, the POI data of nine economic activities, and the index value
calculation of economic diversity in Surat Thani, Thailand as the study area. It has been
found from the study that the collection of activity types and economic diversity have a
direct influence on the level value of morphological capital, except for the tourism activity;
it is a unique characteristic of a tourist city as Surat Thani that the activities are distributed
widely inside the traffic route network and are challenging to reach. Moreover, tourism
has not been concentrated massively in any specific area of the town, as might be found
in other tourism cities. As the analyses show, a correlation exists between the degree of
economic diversity and spatial capital. This is shown by the higher local integration as
well as global integration on the urban street network, the higher diversity of economic
activities, as well as the higher density of urban economic functions within the city. This
is a finding consistent with some previous findings in space syntax studies showing that
the spatial capital proved to be of great value in predicting spatial behavior in economic
diversity in cities [55,56].

Secondly, the case study has found that a high density of economic activity does
not necessarily capture urbanity by itself, even if it is easy to access. Many government
institution areas—for example, the city hall, the provincial court, and the hospital-—could
also be both dense and accessible. However, they have not been considered as representing
typically urban economic functions, such as providing economies of scale, agglomeration,
and localization, other than in a derived sense. Thus, one more necessary variable for
capturing a distinctive feature of urbanity has been proposed: the functional diversity and
land-use composition of urban ecosystems. Since there is a direct relationship between
spatial capital and urban economic functions, the analysis of spatial capital provides a
powerful tool for designing, shaping, maintaining, and changing the development of urban
land-use functions that play an important role in urban land-use planning [57-59].

Finally, this research has shown that space syntax analysis can be used for the level
evaluation of urban morphology capital. This has been relevant for the spatial pattern of
economic diversity, which gives a scientific basis for producing spatial information and can
establish the spatial relationships among data variables associated with geographic features
to study urban space more scientifically. Interesting future research in urban planning
will involve post evaluations of constructed projects where space syntax is applied in the
consultation and alternative planning and development phase. This will give in-depth
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knowledge about the degree of the predictive power of space syntax in urban land-use
planning processes. This kind of evidence is essential not only to understand the degree of
usefulness of space syntax in urban research and design consultancy but also to develop
the space syntax method further for application in urban practices [58,59]. Besides Surat
Thani, it could be applied to study other cities that benefit the urban designer and planner
as a tool for the spatial examination where the outcome data could be useful for further
decision making in the urban land use planning process.

Finally, we recognize that this study has some limitations. The urban street network
including axes with a high integration level could have been identified using a survey
of pedestrian movements on the streets [38]; however, we did not include such a survey
because of the coronavirus (COVID-19) pandemic period. Additionally, we conducted only
a single case study in the context of a small city. Finally, this study could not quantitatively
capture transforming entities, such as space usage frequency, sales potential, movements of
traffic, and pedestrian movement volume in urban spaces with temporalized and dynamic
economic activities. Therefore, future research should focus on identifying the system-
atically changing configuration of the urban street network and demonstrating its effect
on neighborhood economic development and transformation. Moreover, a sample size of
the categories of POI economic activities of less than 30 is considered to be too small to
be a valid statistical test, increases the margin of error [59], and may not find significant
relationships between socio-economic activities and spatial capital in the cities, especially
in small towns and rural areas. Additionally, to optimally apply planning metrics, such
as factors affecting walkability and elements of the built environment, it is necessary to
develop a participatory planning decision approach that involves multiple stakeholders in
urban economic development and revitalization.
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