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Abstract

Defined as the uncontrolled expansion of cities toward their periphery, urban sprawl emerges
during urban developments where the urban area grows more than the population increase.
Furthermore, land-related demands emerge for the needs regarding settlement and infrastructure
due to certain reasons such as the increase in the urban population, industrialization and lifestyle
changes. As these demands are met through irregular area use, cities expand toward their peripheral
areas more than necessary. Moreover, natural resources and agricultural areas are damaged,
infrastructure and transportation costs increase, urban functions get separated, and social and
financial issues occur. The problem of urban sprawl is one of the major issues suffered by the
global cities in the last decades. For Turkey where approximately 75% of the population live in
cities, examining the urban developments and specifying the rate of urban sprawl is critical. This
study aimed to assess the case study of urban development and sprawl in Konya (Turkey). It first
examined the population and urban area in the urban plans guiding the urban development pattern.
Then, the study analyzed the changes the built-up areas underwent for 35 years between 1985 and
2020. As method, satellite images and GIS were used. Moreover, the level of sprawl regarding the
urban development in Konya was measured based on Shannon’s Entropy Index. Finally, this study
found that Konya was suffering the issue of sprawl, and it emphasized the importance of studies
for guiding the activities of urban development in a sustainable manner.
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1. Introduction

The global urban growth (80%) in the last 30 years significantly exceeded the rate of providing
urban areas for compensating the demands related to population growth (52%) (Liu et al., 2020). In
the current period, 75% of population in Turkey (WEBT) as well as approximately 73% of the
European population and more than 55% of the global population live in cities. The global rate is
expected to reach 68% by 2050 (UN, 2019; WEB2). The need for lands around the cities has reached
to a significant degree. Rapid changes occur in the use of lands every day, affecting the cities and
natural environments around the cities. Newly urbanized areas started to put pressure on natural
areas such as agricultural lands (70%) and forests (9%) (Liu et al., 2020). Turkey’s rural areas consisted
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of agricultural areas (36.1%) in 1988, but these areas covered more smaller percent (30.8%) in 2016.
Agricultural areas covering approximately 40 million acres was abandoned to housing in the last 30
years (WEB3). As people’s demand for settlement areas and infrastructures increase, cities expand
and sprawl toward their environments more than necessary. Urban sprawl emerges in cases where
the transformation of land use and urban consumption rates exceed the population increase in a
certain location at a certain time (EEA Breafing, 2006). Traces of urban sprawl are defined as the
increase in the rate of vehicle use, separation in land uses, losses in agricultural lands, (Burchell et al.,
2000; Glaeser & Kahn, 2004), loss of biological diversity (Alberti, 2005), increase in environmental
pollution (Sierra Club, 1998), and social and economic segregation (Sierra Club, 1998; Burchell et al.,
2000; Glaeser & Kahn, 2004). As these issues emerge in a certain location, it becomes obligatory for
local authorities to create policies to prevent the urban sprawl (Serdaroglu Sag, 2011).

Urban sprawl commonly considered as a problem by local goverments today (EEA Breafing,
2006). Therefore, the studies on specifying the trends of urban growth and changes create a highly
significant agenda for determining the current problems and potential needs of a certain area in the
context of preventing and mitigating urban sprawl. This study aimed to assess the cases of urban
development and sprawl in Konya, the seventh largest metropolis in Turkey as population (provincial
population: 2,250,020; central population: 1,352,879) Konya is the city with the largest municipal
boundary in Turkey, and the city is accepted as the agricultural region (Url-4). Konya is under an
intense population-related pressure as it has a central location and is among Turkey’s developed
metropolis in certain fields such as agriculture, transportation, industry, education and health. A total
of 17,629 ha productive agricultural lands have been lost in the last 50 years due to urbanization and
needs of urban development (Akseki & Meshur, 2013), and the city expanded toward the productive
agricultural lands in the south (Karakayact & Karakayact, 2019). Moreover, urban area of Konya
reached 30 km from the north to south and 15 km from the east to west (Yavuz, 2021) which makes
the topic of urban sprawl—an important topic of discussion in the entire globe—also critical for
Konya considering the loss of agricultural areas.

Determining the physical aspects (the rate and level) of the urban sprawl in Konya through
quantitative methods will contribute to the efforts of planning and shed light on the discussions of
how the urban development may occur in future and what sorts of measures can be taken against
urban sprawl. The main question of this article is what is the sprawl level of Konya city? Accordingly,
the literature was reviewed in terms of the topics of urban sprawl, urban sprawl indicators and
measurement of urban sprawl. Then, the level of urban sprawl in Konya was assessed through the
degree of dispersion regarding the urban development pattern. The points to be considered in the
planning efforts were mentioned based on the urban sprawl level.

2. Urban sprawl, indicators and measurement of urban sprawl

The issue of urban sprawl is commonly examined particularly in Europe and United States where
the developed urban area have grown much faster than the population increase (EEA Report 20006).
Urban sprawl is generally defined as an uncontrolled and (Resnik, 2010) unplanned (EEA Report,
2006; Kumari, 2015; Terzi & Bolen, 2010) process.

Factors such as population growth, development of transportation and communication

infrastructure, increase in vehicle ownership, better economic development and lifestyle are reflected
as the reasons of urban sprawl (Ewing, 1997; Galster et al., 2001).
With an approach originating from North America, the urban sprawl is defined as follows: “a new
development that surrounds an urban area, that has low density, that is vehicle dependent and that is
disconnected from the urban settlement, indicating a leapfrog development” (Buitelaar & Leinfelder
cited by Squires, 2002). European Environment Agency (EEA) defines urban areas as the physical
model of the development that has low density and that is irregular, disorganized and discontinuous
within agricultural areas (Buitelaar & Leinfelder, 2020).

Urban sprawl indicates the degree of construction regarding an urban area as well as the size of
the sprawl in the urban environment. The more buildings and urban areas cover a specific surface
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area and the more disorganized the development is, the higher the level of urban sprawl becomes.
(Buitelaar & Leinfelder, 2020; Mohammadi et al., 2012; Sarvestani et al., 2011). Main characteristics
of sprawl include out-of-service areas in the built-up areas and scattered development, development
in low-density housing zones, leapfrog development on important axes, strip development, and
finally, low accessibility (Ewing, 1997; Galster et al., 2001; Torrens & Alberti, 2000).

In recent years, different studies have been presented in the literature regarding the definition of
urban sprawl. While describing the phenomenon, there are opinions that causes and consequences
cause confusion. For example, poor accessibility, vehicle dependency or environmental impacts are
the result of sprawl, and are often included in its definition.

At this point, definitions that reveal the main characteristics of urban sprawl have been
developed. As revealed in recent studies, urban sprawl; It is a form of urban growth characterized by
low population density, decentralized and leap-frog development (OECD, 2018).

Usually, the literature about urban sprawl refers to the high spatial growth in cities. The studies
on urban sprawl in the literature review the measurement of the sprawl, determining the parameters,
(Ashkenazi, 2008; Cavus & Basaran Uysal, 2018; Ewing et al., 2002; Frenkel & Ashkenazi, 2008;
Galster et al., 2001; Hasse & Lathrop, 2003; Oztiirk, 2017 a-b; Yeh & Li, 2001; Shenbagaraj et al.,
2019; Sudhira et al., 2004); reasons and impacts regarding the measurements, and (potential) policy
measures, (Buitelaar & Leinfelder, 2020; Ewing, 1997; Ewing et al., 2002; Galster et al., 2001; Torrens
&Alberti, 2000) or a combination of these. These studies generally produced different sprawl indexes
and were conducted in this regard (Frenkel & Ashkenazi, 2008; Galster et al., 2001). These indexes
are specified by the parameters related to income, demography, land use, agricultural land value,
transportation, and socio-economic, climatic and geo-physical elements (Buitelaar & Leinfelder,
2020; Ewing et al., 2002).

Galster et al. (2001) utilized eight parameters, which are density, continuity, concentration,
clustering, centrality, nucleatization, mixed use and proximity, to determine the level of urban sprawl.
Ewing et al. (2002) used four parameters as sprawl index, which are the density of housing zones,
mixed land use, attraction of sub-centers and accessibility. Hasse and Lathrop (2003) considered the
changes in natural areas such as wetlands, forests or productive agricultural lands among the
parameters of urban sprawl measurement. Indicators of population and density are among the
parameters used in the measurement of urban sprawl (Burton, 2000; Cavus & Basaran Uysal 2018;
Ghorbani& Farokhisomeh, 2015; Pendall, 1999; Steurer & Bayr, 2020; Yeh & Li, 2001). Macroform
and size are among the other parameters accepted to prevent urban sprawl (Torrens & Alberti, 2000;
Sudhira et al., 2004).

As understood from the assessment of these studies, the most commonly used parameters of
measuring urban sprawl are population, population increase, density, settlement area form and size,
accessibility, mixed land use, centrality and continuity. Assessments regarding the concept of urban
sprawl were performed through the parameters of population, population growth, density and built-
up area size.

Considering the fact that urban development is an inevitable process, planned guiding efforts
which will ensure the development/settlement will conserve the natural resources and meet people’s
needs should be developed.

Therefore, the topic of monitoring urban expansion and settlement catches more attention
(Shenbagaraj et al., 2019). Studies on measuring the stylistic characteristic of sprawl and assessing the
urban development have accelerated in recent years (Oztiirk, 2017 a-b; Shenbagaraj et al., 2019; Terzi
& Bolen, 2010). In addition to qualitative assessments, quantitative examinations and mathematical
and mixed fuzzy analysis methods are commonly used to measure the urban and stylistic
characteristics.

Accordingly, shape index as well as contagion index, Shannon’s entropy index (Bhatta, 2012;
Oztiirk, 2017 a-b; Shenbagaraj et al., 2019 cited by Garg & Sharma, 2018; Sudhira et al., 2004; Yeh &
Li, 2001), Holderness method (Mohammadi et al, 2012; Ghorbani & Farokhisomeh, 2015)
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Geographical Information System (GIS) and fractal analysis have captured great attention in the
studies on urban sprawl (Bhatta, 2012; Oztiirk, 2017 a-b; Shenbagaraj et al., 2019 cited by Garg &
Sharma, 2018; Steurer & Bayr, 2020; Sudhira et al., 2004; Terzi & Bélen, 2010; Yeh & Li, 2001).

Based on the data collected from the literature, this study revealed the case of urban sprawl in
Konya using Shannon’s entropy (Shannon, 1948) and the degree of dispersion of urban development.
The details in this regard were mentioned in the methods section.

3. Method and material

This applied study was conducted with both qualitative and quantitative methods. Materials of
the study included the plans regarding Konya, plan reports, statistical data regarding population and
urban area, Google Earth satellite images from 1985, 2000, 2010 and 2020, and the data collected
from articles, books and theses. The afore-noted materials were obtained from certain institutions
such as Metropolitan Municipality of Konya, Ministry of Environment and Urbanization, and
Turkish Statistical Institute (TUIK), and from libraries, online databases and scans.

The study is based on three basic analyses. In the first one, plans made between 1946 and 2018
and urban development process were assessed briefly. In the second analysis, urban development
pattern covering 35 years between 1985 and 2020 was assessed. The size of built-up areas in central
locations of Konya was calculated by digitalizing the Google Earth satellite images from 1985, 1990,
2000, 2010 and 2020 on GIS. The reason of these years to be selected was that assessments were
performed for the 1983 plan, the first comprehensive plan of the city, and for the following periods.
Furthermore, efforts were made to determine the level of urban sprawl. The annual data obtained
from TUIK for the urban population of the metropolitan area in Konya were used within the
quantitative assessments for determining the urban sprawl level.

The sprawl level of urban development was calculated using Shannon’s entropy, one of the most
common and reliable methods used to determine the urban area dynamics and urban sprawl (Oztiirk,
2017 a-b; Sarvestani vet al., 2011; Sudhira et al., 2004; Yeh & Li, 2001).

To understand the urban growth better, built-up area is calculated for every period reviewed
(Shenbagaraj et al., 2019). Shannon’s entropy is used to measure the spatial concentration or
dispersion degree of geographical vatiables within "n" spatial units / areas. Entropy values indicate
the level of urban sprawl by examining the compactness and sprawl of an urban development within
urban studies (Jat et al., 2008; Oztiirk, 2017 a-b).

General structure of Shannon’s entropy (1948) is as follows:

H= -Xni=1 PixLn(Pi)

H is the value of Shannon’s entropy. Pi indicates the ratio of built-up area to the total of areas,
while n is the total number of areas. Ln (n) shows the physical growth of cities. The entropy value is
calculated by dividing the number of built-up areas in every pre-determined region into the total
number of built-up areas (Orztiirk, 2017 a-b; Sun et al., 2007; Yeh & Li, 2001).

Based on the results obtained from the three analyses mentioned above, urban development of
Konya was evaluated, and the dimensions of urban sprawl were discussed.

4. Results of the case of Konya
4.1. Planning process and urban development of Konya
Considered as one of the oldest settlements in Anatolia, Konya is located on the central parts of
Turkey (Figure 1). Its boundaries covers 4,083,800 ha, 1,876,344 ha of which serves for agricultural
purposes. The agricultural area in Konya consists of 8.12% of the agricultural land in Turkey (Konya
Chamber of Commerce, 2020).


https://doi.org/10.14687/jhs.v18i2.6158

256
Serdaroglu Sag, N. (2021). Assessment of urban development pattern and urban sprawl using Shannon’s entropy: A case
study of Konya (Turkey). Journal of Human Sciences, 18(2), 252-265. doi:10.14687 /jhs.v18i2.6158

BLACK SEA K

#

MEDITERRANEAN ” 2

|

mmmmmmm sea’

AEGEAN SEA

K
v _ANKaRA A
o \7\[
lSl'ANBJ: } !
\)\"_' ’-/éf'\?s"ﬁgv

S L VXN
ey -

h

HI P L
G
ANTAlVA>\ Y\(KANAMAN hd
el

Figure 1. Location of the Konya

Konya is one of the major Turkish cities in terms of agricultural production, trade, employment
and industry sectors. The city is located on a flat land with a productive plain. Due to the absence of
a distinctive natural line that borders the city, Konya covers a large area. A significant part of the
productive lands around the city has been urbanized. The spatial decisions and policies within the
plans of Konya urban center were not examined in detail within the assessment of urban
development and growth of the city. The relationship between the plans and urban development was
assessed based on the general data regarding the target year within the plans, projection population,
size of the planning area, density-related decisions and the direction of the development (Table 1).

Table 1. General data regarding the plans for Konya (updated by the author after citation from
Akseki & Meshur, 2013 and Yenice, 2012)

Planning data 1946 Plan 1966 Plan 1983 Master 1999 Master 2018 Master
Plan Plan Plan

Planning area (ha) 816 ha 2378 ha 12850 ha 29052 ha -
Projection population of the plan 75000 350000 1300000 1805000 2354753
Population of plannin year* 58000 354758 852457 742690 1315168
Gross density of the plan (p/ha) 91 147 101 62 -
Medium density of housing areas 140 190 153 105 -
of the plan (p/ha)
Development direction of the Northwest  North North North, South North
plan Southwest ~ Fast Northwest

Northeast
Population in the target of the (1965) (1985) (2000) (2020) (2043)
plan* 354758 521287 830796 1359251 -

*Source: TUIK

- The first master plan of Konya was formed in 1946 (Figure 2). The target year of the plan was
setas 1965, and the projection population of the city was estimated to be 75,000 people. The planning
area covers approximately 816 ha (Yenice, 2012). The direction of development was mentioned to
be the west in the plan. To meet the housing need in Konya owing to the increased population upon
the migration from the rural to urban areas, the second plan was prepared as a revision in 1954. The
target year of the plan was set as 1965, and the plan covers 912 ha. The direction of development
was expanded toward northwest and southwest (Oncii, 2001).

- The third plan was obtained through a competition project in 1966 (Figure 2). The target year
of the plan was set as 1985. The projection population of the city was set as 300-350,000 people,
which was believed to potentially reach 480,000 if the investments were complete. The plan covers
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an area of approximately 2.380 ha (Yenice, 2012). North and west were selected as the direction of
urban development, and the agricultural lands on the south sections of the city and Aslim Batakligs
(Aslim Swamp) were considered as natural thresholds in terms of urban development.

- As per the Construction Zoning Law numbered 3194, planning-related authorities were
assigned to municipalities during and after 1980s, which caused the emergence of large planning
movements in major cities. With the reflection of this process on Konya, the fourth plan of the city
was prepared in 1983 (Figure 2). Following the migration from rural to urban areas in Konya, the
target year of the plan that was dated 1983 and prepared to meet the housing needs owing to rapid
population increase was 2000. The projection population of the plan was estimated to be 1,300,000
people. The plan covers an area of approximately 128,600 ha (Yenice, 2012). The city showed a linear
development toward north along with the bus terminal, industrial site and illegal housing prevention
zones.

KONYA 1946 PLAN KONYA 1966 PLAN KONYA 1983PLAN

KONYA
sel

KONYA 1999 PLAN

Figure 2. Plans of Konya (Source: Konya Metropolitan Municipality)

- As Konya became a metropolitan city in 1989, building gained momentum and settlements
emerged in residential areas, which jeopardized the agricultural areas. The Master Plan scaled
1/25,000, which is the first largest urban plan of Konya, (Figure 2) was prepated in 1999 upon the
necessity to supervise the agricultural areas. The target year of the plan was set as 2020. The projection
population of the plan was estimated to be 1,800,000 people. The plan covers an area of
approximately 29,000 ha. North, northwest and south corridor was selected as the development
direction of the city (Tasct, 2000).
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- In 2018, Konya Master Plan scaled 1/25,000 was prepared as the last and final plan of the city
(Figure 2) (Konya Metropoliten Municipality, 2018). The target year of the plan was set as 2043. The
projection population of the plan was estimated to be 2,354,753 people. Through this plan, new
urban areas are assigned to the increasing population due to the urban transportation system, and
density-related decisions are reorganized. As the direction of development, the city was planned to
develop on the north side on the axis of the route to Istanbul.

When the plan proposals are evaluated; Despite the estimation of 1966 plan for 1983 (a
population of 350,000 people and a planning area of 2378 ha), the population reached approximately
520,000 in 1983 and built-up areas covered 9,400 ha based on the calculations performed using
satellite images. Despite the estimation of 1983 plan for 2000 (a population of 1,300,000 people and
a planning area of 12,850 ha), the population of Konya was 830,796 in 2000 and built-up areas
covered approximately 14,900 ha. Despite the estimation of 1999 plan for 2020 (a population of
1,805,000 people and a planning area of 29,052 ha), the number of people in Konya was 1,359,251
in 2020 and built-up areas covered approximately 32,200 ha. (Table 1, 2). Accordingly, estimations
of 1946 and 1966 plans were below the real figures of population increase and urban development.
In 1983 and 1999 plans, population increase was under the projection population, and the size of
area that underwent building was greater than the planning area, which arose from the addition of
plans to development areas rather than the unplanned building. However, the area development
reaching beyond the plans’ estimations indicates that Konya expanded more compared to previous
years.

4.2. Assessment of urban development pattern

Konya has 31 districts. The metropolitan area of Konya consists of three central districts:
Karatay, Meram and Selcuklu. The urban developments in this section were assessed in regard to
these three districts.

Table 2. Population, built-up area, density and relevant increase rates of Konya

Year  County Population Populationincrease Built-up  Built-up area increase Gross density
* percentage (%o) area (ha) percentage (%) (p/ha)
1985  Merkez 521287 - 9431.08 - 55
1990  Karatay 169001 - 4398.95 - 38
Meram 213664 - 3174.76 - 67
Selcuklu 202154 - 4458.59 - 45
Total 584819 12 12032.3 27 49
2000  Karatay 214589 26 4980.49 13 43
Meram 267878 25 3406.14 7 79
Selcuklu 348329 72 6483.04 45 54
Total 830796 42 14869,67 23 56
2010  Karatay 263071 22 80068.05 61 33
Meram 314421 17 7113.42 108 44
Selcuklu 508102 45 9689.39 49 52
Total 1085594 30 24870.86 67 44
2020  Karatay 351422 33 9746.17 20 36
Meram 344549 9 10438.54 46 33
Selcuklu 663280 30 12028.91 24 55
Total 1359251 25 32213.62 29 42

*Source: TUIK

The development pattern of the city was discussed in line with these schemas, population, built-
up areas and density change rates (Table 2). The schemas regarding the borders of built-up areas
specified through the satellite images of Konya from 1985, 1990, 2000, 2010 and 2020 are presented
in Figure 3.
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BUILT-UP AREA 1985 BUILT-UP AREA 1990

Built-up AreaA B uilt-up AreaA

BUILT-UP AREA 2000 BUILT-UP AREA 2010

B uilt-up AreaA

Built-up AreaA

BUILT-UP AREA 2020

Built-up AreaA

Figure 3. Built-up areas in Karatay, Selcuklu and Meram for 1985, 1990, 2000, 2010 and 2020.

The population of Konya’s central district was 521,287 in 1985, reaching 1,359,251 in 2020. The
population increased by 160% between 1985 and 2020, while the rate of built-up areas increased by
241%. Considering the change in the period after the formation of central districts, the population
increased by 132% in the period between 1990 and 2020, and the built-up area increased by 167%.
Accordingly, the rate of increase in the built-up areas in Konya was higher than the population
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increase rate. Population density was 55 p/ha in 1985; it was 49, 56, 44 and 42 p/ha in 1990, 2000,
2010 and 2020, respectively. While the urban population increased, population density decreased by
years, which was a significant result showing that the urban area gained a more disorganized/scattered
structure compared to previous years.

When these three central counties were compared, the rate of increase in the built-up areas
between the years of 1990 and 2020 was as follows: Meram (7263.78 ha-228%), Sel¢uklu (7570.32ha-
169%) and Karatay (5347.22 ha-121%). The order of population increase between the years of 1990
and 2020 was as follows: Selcuklu 228%, Karatay 107% and Meram 61%. When the increase rate of
built-up areas and population increase was compared, the change in Meram was approximately four
times higher, while Selguklu grew by one and half time, and the change in Karatay was almost equal.
Accordingly, these results are important as they reflect the impacts of settlement-related pressures on
spaces in Meram where there are plenty of natural sites. Furthermore, the obligatory amendments
arising from the aforenoted impacts included the development of areas with agricultural properties
as low-density housing zones with the planned interventions in 2000 and later. In Selguklu district of
Konya, the industrial and housing zones are among the elements guiding urban development. The
clements affecting the development in Karatay district included the higher number of public
investments such as courthouse, city hospital or university, and the driving impact of these elements
on the development. Another important element affecting the urban growth in the city is the
transportation-focused investments to light rail system and freeways.

4.3. Assessment of urban sprawl with Shannon’s entropy

The built-up areas in the study were calculated for each of the central counties in Konya (Karatay,
Meram, Selguklu) and each district was regarded as a separate region. Then, these built-up areas were
analyzed considering the total built-up areas. Calculations for Shannon’s entropy [H= -Xni=1
PixLn(Pi)] are presented in Table 3.

Table 3. Shannon’s entropy values of Konya

1990 2000
Segment Built-up area Pi Ln(P1) PixLn(Pi) Built-up area Pi Ln(Pi) PixLn(Pi)
(ha) (ha)
Karatay  4398.95 0.3655  -1.0064 -0.3678 4980.49 0.3349  -1.0939 -0.3663
Meram  3174.76 0.2638  -1.3325 -0.3515 3400.14 0.2290  -1.4740 -0.3375
Selguklu  4458.59 0.3705  -0.9929 -0.3678 6483.04 04359  -0.8303 -0.3619
Total 12032.3 1 -3.3318 -1.0871 14869,67 1 -3.3982 -1.0657
H (Shannon’s entropy) 1.0871 1.0657
2010 2020
Segment Built-up area Pi Ln(P1) PixLa(Pi) Built-up area Pi Ln(P1) PixLn(Pi)
(ha) (ha)
Karatay  8068.05 0.3243  -1.1260 -0.3651 9746.17 03025  -1.1956 -0.3616
Meram  7113.42 0.2860  -1.2517 -0.3579 10438.54 03240  -1.1270 -0.3651
Selguklu  9689.39 0.3895  -0.9428 -0.3672 12028.91 03734  -0.9851 -0.3678
Total 24870.86 1 -3.3205 -1.0902 32213.62 1 -3.3077 -1.0945
H (Shannon’s entropy) 1.0902 1.0945

Ln(3)=1.0986

Shannon’s entropy values are between 0 and Ln (n), with the former indicating a physical
development that has concentrated and reached maximum compactness. If the entropy value is
higher than Ln (n) and close to 1, the residential area can be considered to sprawl in an irregular form,
and the presence of urban sprawl can be assumed. The entropy value reaching the maximum figure
indicates the presence of sprawl in the urban development (Mohammadi et al., 2012; Ozkan, 2020;
Oztiirk, 2017; Sudhira et al., 2004; Yeh &Li, 2001).
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Shannon’s entropy index calculated for Konya for the years 1990, 2000, 2010 and 2020 was
1.0871, 1.0657, 1.0902 and 1.0945, respectively. All periods of the index value mentioned above are
almost equal to the upper threshold of Ln (3)= 1.0986 entropy value. These entropy values indicate
that the level of urban sprawl in Konya has increased even more after 2000. Accordingly, the results
obtained through Shannon’s entropy for Konya indicate that the built-up areas in the city in 2020
were more disorganized compared to the year of 1990, suggesting that the urban development in
Konya had a more disorganized structure in time. The physical growth of the city has had an
expanding and disorganized manner for the last 30 years.

5. Discussion

The results of three analyses performed to examine the urban development and sprawl of Konya
indicate that the issue of urban sprawl reached a level requiring external intervention. The change in
the planning and borders of built-up areas in Konya (Figure 4) indicates that urban development
pattern is planned but has a scattered form.

Planning-related experiences regarding Konya indicate that population growth and urban
development did not occur as planned, which arose from the absence of a flexible planning approach
that will adapt to the unexpected developments rather than the insufficient properties of planning-
related decisions. Measurements performed with Shannon’s entropy quantitatively support that urban
development pattern gained a sprawl form.
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Figure 4. The change in the planning and borders of built-up areas in Konya
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6. Conclusions and recommendations

Konya underwent a rapid urban growth in time. This study focused on assessing urban
development and sprawl for the period between 1985 and 2020. Results showed that the change in
built-up areas triggered urban sprawl in 35 years. Pressures on lands and natural resources increased
in line with the population growth. Urban expansion dynamics were effectively and extensively
presented using the entropy index approach. Planning approaches in Konya as well as the distribution
of the density and decisions related to area use should be re-considered to prevent urban sprawl.
Using the spaces in the current built-up areas rather than reserving new areas for urban development
will be a significant step in this regard. The probability for the current development to occur should
be detailed in planning efforts, and new developments decisions should be made accordingly.
Additionally, decisions that will prevent the usage-investment decisions attracting populations from
being directed to agricultural regions should be made.

The concept of urban sprawl is a multi-dimensional concept that should be analyzed with
different indicators and methods. The analyses performed in this study will guide similar studies in
terms of assessing the current development in the process of achieving a more compact and
sustainable urban area. This study provides tips for determining and measuring the level of sprawl
and understanding the dynamic urban development process better. Through the assessment of
current urban development, discussions regarding the problems to be determinated in the following
developments and measures to be taken can be performed. Urban sprawl is regarded as one of the
potential threats to sustainable development. Therefore, the reasons for having such extensive urban
development should be investigated to develop strategies for controlling urban growth and sprawl
and ensuring sustainable urban development. Multi-dimentional, flexible and strategic planning
policies are needed to prevent urban sprawl. Decisions, developed by planning studies in order to
find solutions for the needs of cities and residents, should be able to keep up with changes, have a
strategic perspective and adopt sustainable development principles.
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