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ARTICLE INFO ABSTRACT

The sprawl as a result of rapid population growth appears when the city
expands unplanned in the form of low-density development. The urban
sprawl increase auto-dependency and Vehicle Miles Traveled (VMT) because
sprawl is a single-use and low-density development. Therefore, measuring
urban sprawl is vital, since planners get the benefit of this measurement to
curb future unplanned developments. The current study aims to measure
sprawl with the VMT pattern. Accordingly, the non-traffic method provides a
practical solution for estimating the annual VMT in the case of Famagusta.
Secondly, the build-density calculated using Google™ Earth and Geographical
Information System. Finally, the VMT will be coupling with build-density for
measuring the urban sprawl. The current study in compared to the similar
kinds has the following advantages: a) current method can be performed in
case of developing countries; b) this method is independent of traffic
odometers, high-resolution census data, and land-use maps; and c) current
method able to measuring the urban sprawl together with pattern of
accessibility.
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But the invention of the horseless carriage made
long-distance travel practical, auto-dependency
made urban sprawl practical (Nechyba and Walsh,
2004) and realized the suburbia dream. Most of the

1. Introduction

Urbanization is a multidimensional socio-
economic process. Urbanization transfers the natural

environment to the built environment. Urbanization
converts formerly rural into urban settlements and
results in the relocation of a population from rural to
urban areas. According to the United Nations
estimation, by 2050, roughly two-thirds of the world
population will be living in the urban area. A well-
managed within the urbanization process may result
in maximize the profits of agglomeration with
minimizing environmental degradation. Unlike
unmanaged urban expansion, together with
unsustainable and consumption patterns, resulting
in urban sprawl and environmental degradation
(UNDESA, 2019).

In most developing countries, unplanned
expansion results in low-density development,
which is creeping beyond the city boundary, while
jobs still tend to stay in the core of the urban area.
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studies are point out that there is a potential for a
causal relationship between travel behavior and
urban form. Likewise, the urban agglomeration
intensification is associated with reducing auto-
dependency (Beattie and Haarhoff, 2018; Boarnet
and Crane, 2001; Williams et al., 2000). Segregation
of the town elements and land-uses forces town
residence to travel a long distance for their daily life.
This is an unsustainable form of development and
known as urban sprawl (Samariiiitel et al, 2010;
Williams et al, 2000). Similarly, Frumkin et al
(2004) believed “urban form refers to the
amalgamation of individual elements of the towns
and cities in which we live, work, play, and travel.”
However, sprawl contradicts this idea since sprawl is
a single-use form of development (Frumkin et al,
2004).

Urban sprawl is a particular form of suburban
development (Behan et al., 2008; Downs, 1999). The
urban sprawl perceives as a multidimensional
phenomenon (Galster et al, 2001; Hamidi et al,
2015; Torrens, 2008). A rapid and uncontrolled
growth in the urban population mostly results in
urban sprawl (Bhatta, 2010). Urban sprawl increases
the auto-dependency whereas the compact
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development is mainly pedestrian-friendly (Behan et
al,, 2008; Boarnet and Crane, 2001; Fuladlu, 2019;
Fuladlu et al., 2018; Galster et al.,, 2001; Yeo et al.,
2015). Because urban sprawl is a single-use
development since the residents have to expend
plenty of time to travel where they live, work, and
play. Moreover, the majority of these travel done by
single-occupant drivers, which increase traffic
congestion in the urban area (Duany et al, 2000;
Morris, 2005; Samariiiitel et al., 2010). Likewise,
urban sprawl increased the Vehicle Miles Traveled
(VMT) (Behan et al,, 2008).

The VMT is an indicator for measuring the total
miles traveled by all vehicles on the network. The
VMT provides an essential base to observe the auto-
dependency, increasing the auto-dependency stands
for rising the VMT. There are two methods for
estimation of the VMT; a) traffic bases with use of
odometer reading and traffic counts, b) non-traffic
bases with use of household surveys, and fuel
consumption (Kumapley and Fricker, 1996; Leduc,
2008). Since VMT is an indicator of the auto-
dependency, therefore it can be used to measuring
the urban sprawl. Because auto-dependency
increases where urban development becomes
sprawled. However, unlike the developed countries,
the majority of developing countries are limited in
the census and high-resolution data. Therefore,
studies on VMT, auto-dependency, and accessibility
remain unsolved in the case of developing countries.

According to the given introduction, the current
study firstly aims to provide a practical solution for

estimating the annual VMT in the case of Famagusta
as a developing country. Secondly, the estimate VMT
will be used for measuring the urban sprawl in the
case of Famagusta. Besides, the following objectives
will be addressed during this study:

a) Estimating the VMT with the use of the non-
traffic method.

b) Measuring the build-density with the use of
Google™ Earth.

c) Quantifying the measured build-density with the
use of Geographical Information System (GIS).

d) Comparing the build-density and the estimated
VMT.

2. Material and method

The current longitudinal study tries to offer a
practical approach for estimating the VMT. Besides,
the estimated VMT will be used as an indicator for
measuring the urban sprawl in the case of
Famagusta. The study method, with the use of
Google™ Earth, GIS, and various statistical
approaches, tries to provide a beneficial method to
estimate the VMT and measuring urban sprawl. The
method will be addressed the main aims and
objectives, which was to offer a non-traffic
estimation in the case of developing countries.
Accordingly, the study methodology is charted in Fig.
1.
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Fig. 1: Methodology diagram

2.1. Study area

Famagusta located at 35°07'30"N and 33°56'30"E
is a city on the eastern coast of Cyprus. According to
the SPO (2013), Famagusta had a 40,920 (de-jure)
population in 2011. Famagusta has a specific
situation due to the geographical location, harbor,
historical castle, university, and uninhabited Varosha
neighborhood (Onal et al, 1999). Since the 1974
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conflict, the Varosha neighborhood becomes
uninhabited. Therefore, later urban development
continued in the opposite direction of the Varosha.
Almost for the past half-century, real estate
companies have been investing in mass housing
projects in Northern Cyprus (Yorucu and Keles,
2007). These developments mainly located along the
Mediterranean coastline and across the main
arteries towards the suburban. This phenomenon is
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seen in the case of Nicosia, Kyrenia, Trikomo,
Morphou, and Lefka too (Hoskara et al., 2009).

In the case of Famagusta, the majority of
construction observed along the main arteries
toward the Nicosia (capital city) and along the
coastline toward the Trikomo. Besides the
geographical location of the Famagusta, the role of
the wuniversity and edu-tourism investment
(Abubakar et al., 2014) significantly contribute to the
mass housing development. According to the SPO
(1999, 2007, 2013) Famagusta population during
the current studied period (i.e., 2003-2016), 47.53%
increased, which is a significant growth rate for a
small area like the Famagusta. The main reasons
could be addressed to the 1974 Cyprus conflict, and
other factors include: a) the rapid population growth
was on the northern government's agenda; b)
extensive investment for the edu-tourism (Abubakar
et al, 2014; Katircioglu, 2014), c) enactment of the
United Nations peace plan (Yorucu and Keles, 2007),
and d) policy for attracting capital through the
granting of residence permits to foreigners. The
result is seen in the rapid population growth and
accordingly, rapid urbanization in the northern part
of the island.

2.2. Dataset preparation

This section includes two important parts, firstly
gathering the required statistics and census data for

Annual Estimated VMT
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estimating the VMT. Secondly, the build-density will
be calculated using Google™ Earth and GIS. These
two parts will be used for the urban sprawl
measurement.

2.2.1. The annual VMT estimation

The annual VMT (Eq. 1) will be estimated with
the use of the fuel sales approach. This is one of the
earliest methods which still known useful. The
advantage of this method includes, firstly, TM can be
estimated annually, and secondly, there is no need to
travel on the roads (Azevedo and Cardoso, 2009).
Avmr = Teation X Trieet (1)
where Avur is the annual VMT; Teaion is the total
gallon fuel sold (gasoline and diesel); Tpee is the total
fleet mile drive per gallon.

The total gallon fuel sales will be obtained from
the SPO (1998, 2005, 2011, 2016). However, there is
no record for the total fleet miles driven per gallon in
Northern Cyprus. According to the Kitsios et al.
(2015) study in the case of Cyprus, the average fuel
efficiency for the gasoline engine vehicle is 20.52
Mpg, and 15.60 Mpg for the diesel engine vehicle.
Therefore, the annual VMT accordingly estimated
and the result exposed as the Fig. 2.
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Fig. 2: Annual estimated VMT and gallon fuel sales

The fleet mile driven influenced by the number of
driver-license and license-plate (Choo et al., 2005).
Besides, increasing the VMT stands for increasing
fuel consumption (Salon et al, 2012). Likewise,
increasing the amount of VMT results in the
automobile-crash, which is associated with traffic
injuries and fatalities too (Ewing et al., 2014; Salon et
al, 2012; Yeo et al, 2015). Accordingly, the
comparison between these factors and the estimated
VMT could be proved the process accuracy. The SPO
(1998, 2005, 2011, 2016) dataset was used for
gathering the required factors (Fig. 3).

The SPSS program was used to figure out the
correlation between the annual estimated VMT, the
number of license-plate, driver-license, fuel
consumption, traffic accident, the number of injuries,
and fatalities. Accordingly, a two-tailed Pearson
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correlation was performed between the factors and
results exposed in Table 1.

2.2.2. Build-density calculation

The build-density is a substantial character of
urban sprawl (Downs, 1999; Ewing, 1997; Galster et
al., 2001; Hamidi et al.,, 2015; Torrens, 2008). Build-
density represents the proportion between the
population and the rate of development for the same
area (Frenkel and Ashkenazi, 2008; Galster et al,
2001; Shahraki et al., 2011). Since the study area
relatively small and limited to the land-use maps, the
following procedure was implemented based on the

use of Google™ Earth. The historical imagery
function of Google™ Earth provides a set of
longitudinal rasters over the interest region.
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Accordingly, the available interval of the program for
the study area was 221 of September 2003 and 24th
April 2016. The Placemark tool in Google™ Earth was
used for digitizing the footprints of the buildings as a

License-plate and Population

Traffic Accident, Injuries, and

point feature. During the screen digitalization, 5,655
footprints for 2003 and 7,431 for 2016 were
digitalized over the Famagusta.
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Fig. 3: License-plate, population, traffic accident injuries, fatalities, and driver-license

Table 1: Correlation between the estimated VMT and other factors

License- Driver- Learner- Diesel Gasoline Traffic Injuries and
plate license license (Gallon) (Gallon) Accident Fatalities

Gasoline VMT Pearson 0.504 -0.166 -0.557 - 1.000 0.953 0.987
(20.52 MPG) Correlation

: Sig. (2-tailed) 0.604 0.894 0.624 - 0.000 0.196 0.103

Diesel VMT Pearson 0.979 0.624 0.247 1.000 - 0.411 0.539
(15.6 MPG) Correlation

i Sig. (2-tailed) 0.129 0.571 0.841 0.000 - 0.731 0.638

The buildings footprints with a KML extension
import to the GIS. To minimize the distortion, the
whole dataset projected to the WGS1984 UTM Zone
36 North coordinate. The point density function in
the GIS will be used to analyses the points density
and develop the heatmaps. The point density used a
kernel function to convert the discrete data to the
continuous data (Longley et al., 2005) within the
study boundary. The Famagusta geometric boundary
was used to define the output extend. Accordingly,
the geometry area is about 66.87 km? (the

uninhabited Varosha neighborhoods with 6.30 km?
area were excluded from the geometry boundary).
The 25 m cell size with the 500 m search radius
experimentally choose for the kernel function. The
output classified with the use of Jenks’ natural break
method. Four build-density classifications of open
space, low-intensity urban, medium-intensity urban,
and high-intensity (Wang et al.,, 2019) used for the
Jenks’ natural break function and result exposed as
Fig. 4.
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The urban area is calculated based on Fig. 4, and The estimated parameter for the model includes;
the results are exposed in Table 2. Due to a lack of constant equal to -1896364.46 and B value equal to
historical imagery for 2009, the number of urban 250104.59. Finally, the number of urban cells for
cells will be estimated with the use of the logarithmic each year is listed in Table 2. The build-density of the
regression. Since the estimation bases are two-point, Famagusta will be calculated according to the urban
always the R and R square of the model significant. area and population.

Table 2: Number of urban cell and build-density

Interval  Number of urban cells  Urbanaream? Population Build-density  Gasoline VMT (20.52 MPG)  Diesel VMT (15.6 MPG)

2003 5,031 3,144,375 31,533 0.0100 194,104,773 73,294,928
2009 5,779 3,611,875 38,462 0.0106 134,270,603 65,240,328
2016 6,649 4,155,625 46,521 0.0112 116,344,104 69,929,149
The SPSS will be used to figure out the correlation density. Accordingly, a two-tailed Pearson
between the annual estimated VMT, the number of correlation was performed between the factors, and
urban cells, urban area, population, and build- results are exposed in Table 3.

Table 3: Correlation between the estimated VMT and build-density

Number of urban cells Urban area m? Population Build-density
oot Goszrgy P00 oo oo s
e I ot G e e awe
2.3. Study assessment and result estimated VMT and other factors. Accordingly, the
correlation between the estimated gasoline VMT and
The non-traffic method estimates the annual VMT other factors was as follows: The license-plate
for the Famagusta. According to Fig. 3, the amount of R=0.504, driver-license R=-0.166, learner-license R=-
consumed gasoline decreased within the thirteen 0.557, traffic accident R=0.953, and total injuries and
years, about -40.06 percent. In this sense, the fatalities R=0.987. Similarly, the correlation between
consumed gasoline decreased by -30.83 percent the estimated diesel VMT and other factors was as
from 2003 to 2009, and -13.35 percent decrease follows: The license-plate R=0.979, driver-license
from 2009 to 2016. The condition of the consumed R=0.624, learner-license R=0.247, traffic accident
diesel is a bit different. The amount of consumed R=0.411, and total injuries and fatalities R=0.539.
diesel decreased by -10.99 percent from 2003 to According to Table 2 and Fig. 4, the urban area
2009, whereas from 2009 to 2016 increased by 7.19 increased within the thirteen years by 32.16 percent.
percent. Since the method of VMT estimation is non- The urban area increased by 14.87 percent from
traffic, therefore the consumed fuel amount directly 2003 to 2009, and a 15.05 percent increase from
affects the estimated VMT. Accordingly, the overall 2009 to 2016. Likewise, the population increased
amount of gasoline VMT decreased by -40.06 within the thirteen years by 47.53 percent. The
percent, and diesel VMT decreased by -4.59 percent. population increased by 21.97 percent from 2003 to
The number of traffic accidents within the thirteen 2009, and a 20.95 percent increase from 2009 to
years decreased by -27.03 percent. Likewise, the 2016. Unlike, the build-density increased within the
traffic accident decreased by -13.40 from 2003 to thirteen years by 12.00 percent. The build-density
2009 percent, and -15.75 percent decrease from increased by 6.00 percent from 2003 to 2009, and a
2009 to 2016. The number of injuries and fatalities 5.66 percent increase from 2009 to 2016. According
within the thirteen years decreased by -78.78 to the Pearson correlation (Table 3), significant
percent. In this sense, the number of injuries and correlations found between the estimated VMT and
fatalities decreased by -48.99 percent from 2003 to number of urban cells, urban area, population, and
2009, and -58.44 percent decrease from 2009 to build-density. Likewise, the correlation between the
2016. estimated gasoline VMT and other factors was as
According to Fig. 3, the amount of the issued follows: The number of urban cells R=-0.941, urban
license-plate within the thirteen years decreased by - area R=-0.941, population R=-0.941, and build-
2.78 percent. The issued license-plate decreased by - density R=-0.955. Similarly, the correlation between
11.88 percent from 2003 to 2009, whereas from the estimated diesel VMT and other factors was as
2009 to 2016 increased by 10.32 percent. Unlike, the follows: The number of urban cells R=-0.376, urban
amount of the issued driver-license and learner- area R=-0.376, population R=-0.376, and build-
license increased by 7.62 and 11.09 percent within density R=-0.416.
the thirteen years. In this sense, the amount of the
issued driver-license and learner-license decrease by 3. Discussion
-9.23 and -2.20 percent from 2003 to 2009. While
the amount of the issued driver-license and learner- The current study provides a practical solution
license increased 18.56 and 13.59 percent from 2009 for estimating the non-traffic VMT in the case of
to 2016. Based on the Pearson correlation (Table 1) Famagusta. Accordingly, the estimate VMT will be
no significant correlations found between the used for measuring the urban sprawl in the case of
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the studied area. According to the study's
assessment, VMT and fuel consumption have
decreased in the last thirteen years. Likewise, the
decline in VMT results in a reduction in traffic
accidents, injuries, and fatalities over the same
period. Although the issued license-plate has
declined over the past thirteen years, the percentage
has not been proportional to the decline of VMT,
traffic accidents, injuries, and fatalities. The
correlation result between the factors is strong
(Table 1), but not significant at two-tailed due to the
limited sample. Accordingly, there is a strong
positive correlation between the gasoline VMT,
traffic accident (R=0.953), and total injuries and
fatalities (R=0.987). There are conflicts between the
issued driver-license, learner-license, license-plate,
and estimated VMT. Since the issued driver-license
and learner-license, unlike the estimated VMT and
license-plate increased within the last thirteen years.
This could be addressed to the decline of auto-
dependency and decreased of urban sprawl.

Based on the study's assessment, the urban
development of the Famagusta within thirteen years
gradually increased. Famagusta rapid population
growth has resulted in the acceleration of urban
growth during this period. The population growth
was proportionally more than the urban growth,
which results in increasing the build-density of the
Famagusta. The increasing Famagusta build-density
may result in decreasing the VMT and auto-
dependency. Accordingly, the negative correlation
between build-density and gasoline VMT (R=-0.955)
confirms the decrease of VMT an increase in build-
density. The study finding is parallel with the work
of other scholars (Glaeser and Kahn, 2004; Jackson,
1985; Mandal and Byrd, 2017; Nechyba and Walsh,
2004; Osborn, 1965; Yeo et al, 2015), which is
proved the role of auto-dependency on the urban
sprawl. Likewise, increasing the auto-dependency
resulted in future consequences such as increasing
CO2 emissions, fuel consumption, VMT, traffic
congestion, and automobile crash.

The current study is practical for estimating the
VMT and measuring the urban sprawl in the case of
developing countries, which are limited to the traffic
odometers, high-resolution census data, and land-
use maps. There are many studies in similar kinds
(Ewing et al., 2014; 2003; Schimek, 1996) which are
reputable. However, besides dependency on the
high-resolution dataset, used different metrics,
structural equation modeling, and principal
component analysis, which made them complex.
Unlike the current method easy to perform for
estimating the VMT and measuring the urban sprawl.
Undoubtedly, future studies should be conducted
using GIS, remote sensing, landscape ecology indices,
and multiple centrality assessment, especially in
developing countries like Famagusta.

4. Conclusion

The current study with the use of a longitudinal
method offers a practical model for estimating the
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VMT. Besides, this study used the VMT as an
indicator for measuring the urban sprawl in the case
of Famagusta. This study estimated the VMT and
compared it with other factors includes license-plate,
driver-license, learner-licenses, consumed fuel,
traffic accident, injuries, and fatalities. The outcomes
confirm VMT's decline in the last thirteen years.
Likewise, VMT decline stands for the decrease of the
auto-dependency, which affects to decrease in traffic
accidents, injuries, and fatalities.

The current study calculates build-density using
Google™ Earth and GIS. Accordingly, the build-
density calculates using the historical imagery
function of Google™ Earth. The footprint of the
buildings in Famagusta gradually expanded from
2003 to 2016, which is to prove the rapid urban
growth of the Famagusta. Since the population
growth rate was bigger than urban growth.
Therefore, build-density proportionally increased.
Besides, the decrease of the VMT will be proved with
the increase of the build-density within the last
thirteen years.

Acknowledgment

The author wishes to acknowledge Canay Atadz,
Head of Technical Service of Library at Eastern
Mediterranean University, for providing the
resources necessary for executing this study. Hiirol
Usiimiis, Head of State Planning Organization, Naci
Taseli, Department of Planning of Famagusta for
providing resources and materials that supported
the author’s execution of this study. Assistant
Professor Dr. Miige Riza, who serves as the author’s
Ph.D. supervisor and who is a lecturer in the Faculty
of Architecture at Eastern Mediterranean University,
is thanked for providing ongoing advice and hints.
Last but not least, Professor Dr. Mustafa ilkan, who
serves as the author’s Ph.D. co-supervisor, and who
is a director in the School of Computing and
Technology at Eastern Mediterranean University, is
always valued for his unlimited advice.

Compliance with ethical standards
Conflict of interest

The authors declare that they have no conflict of
interest.

References

Abubakar AM, Shneikat BHT, and Oday A (2014). Motivational
factors for educational tourism: A case study in Northern
Cyprus. Tourism Management Perspectives, 11: 58-62.
https://doi.org/10.1016/j.tmp.2014.04.002

Azevedo CL and Cardoso JL (2009). Estimation of annual traffic
volumes: A model for Portugal. In the ECTRI-FEHRL-FERSI
Young Researchers Seminar, Torino, Italy: 1-15.

Beattie L and Haarhoff E (2018). Urban growth, liveability and
quality urban design: Questions about the efficacy of urban
planning systems in Auckland, New Zealand. Journal of
Contemporary Urban Affairs, 2(2): 12-23.
https://doi.org/10.25034/ijcua.2018.3667


https://doi.org/10.1016/j.tmp.2014.04.002
https://doi.org/10.25034/ijcua.2018.3667

Kamyar Fuladlu/international Journal of Advanced and Applied Sciences, 7(5) 2020, Pages: 12-19

Behan K, Maoh H, and Kanaroglou P (2008). Simulating and
evaluating smart growth strategies: Evidence from the CMA of
Hamilton, Ontario. The Canadian Geographer, 52(3): 291-308.
https://doi.org/10.1111/j.1541-0064.2008.00214.x

Bhatta B (2010). Analysis of urban growth and sprawl from
remote sensing data. Springer Science and Business Media,
Berlin, Germany.
https://doi.org/10.1007/978-3-642-05299-6

Boarnet M and Crane R (2001). The influence of land use on travel
behavior:  Specification and estimation strategies.
Transportation Research Part A: Policy and Practice, 35(9):
823-845.
https://doi.org/10.1016/S0965-8564(00)00019-7

Choo S, Mokhtarian PL, and Salomon I (2005). Does
telecommuting reduce vehicle-miles traveled? An aggregate
time series analysis for the US. Transportation, 32(1): 37-64.
https://doi.org/10.1007/s11116-004-3046-7

Downs A (1999). Some realities about sprawl and urban decline.
Housing Policy Debate, 10(4): 955-974.
https://doi.org/10.1080/10511482.1999.9521356

Duany A, Plater-Zyberk E, and Speck J (2000). Suburban nation:
The rise of sprawl and the decline of the American dream.
North Point Press, New York, USA.

Ewing R (1997). Is Los Angeles-style sprawl desirable? Journal of
the American Planning Association, 63(1): 107-126.
https://doi.org/10.1080/01944369708975728

Ewing R, Hamidi S, Gallivan F, Nelson AC, and Grace ]B (2014).
Structural equation models of VMT growth in US urbanised
areas. Urban Studies, 51(14): 3079-3096.
https://doi.org/10.1177/0042098013516521

Ewing R, Pendall R, and Chen D (2003). Measuring sprawl and its
transportation impacts. Transportation Research Record,
1831(1): 175-183.
https://doi.org/10.3141/1831-20

Frenkel A and Ashkenazi M (2008). Measuring urban sprawl: How
can we deal with it? Environment and Planning B: Planning
and Design, 35(1): 56-79.
https://doi.org/10.1068/b32155

Frumkin H, Frank L, and Jackson R] (2004). Urban sprawl and
public health: Designing, planning, and building for healthy
communities. Island Press, Washington, USA.

Fuladlu K (2019). Urban sprawl negative impact: Enkomi return
phase. Journal of Contemporary Urban Affairs, 3(1): 44-51.
https://doi.org/10.25034/ijcua.2018.4709

Fuladlu K, Riza M, and ilkan M (2018). Urban sprawl, the impact
and implications: The case of the Famagusta, Cyprus. In the 1st
Regional Conference, “Urban Morphology in South-Eastern
Mediterranean Cities: Challenges and Opportunities, Cyprus
Network of Urban Morphology, Nicosia, Cyprus.

Galster G, Hanson R, Ratcliffe MR, Wolman H, Coleman S, and
Freihage ] (2001). Wrestling sprawl to the ground: Defining
and measuring an elusive concept. Housing Policy Debate,
12(4): 681-717.
https://doi.org/10.1080/10511482.2001.9521426

Glaeser EL and Kahn ME (2004). Sprawl and urban growth. In:
Henderson V and Thisse JF (Eds.), Handbook of regional and
urban economics: 2481-2527. Volume 4, Elsevier, Amsterdam,
Netherlands.
https://doi.org/10.1016/S1574-0080(04)80013-0

Hamidi S, Ewing R, Preuss I, and Dodds A (2015). Measuring
sprawl and its impacts: An update. Journal of Planning
Education and Research, 35(1): 35-50.
https://doi.org/10.1177/0739456X14565247

Hoskara SO, Cavusoglu BT, and Ongiil Z (2009). Legal frameworks
and housing environments in north Cyprus. METU Journal of
the Faculty of Architecture, 26(1): 81-100.

18

Jackson KT (1985). Crabgrass frontier: The suburbanization of the
United States. Oxford University Press, New York, USA.

Katircioglu ST (2014). Estimating higher education induced
energy consumption: The case of Northern Cyprus. Energy,
66: 831-838.
https://doi.org/10.1016/j.energy.2013.12.040

Kitsios K, Kakouris M, and Zachariadis T (2015). Energy efficiency
trends and policies in Cyprus. National Report Prepared under
the European ODYSSEE-MURE Project. Available online at:
https://bitly/32YHQ7W

Kumapley RK and Fricker JD (1996). Review of methods for
estimating vehicle miles traveled. Transportation Research
Record, 1551(1): 59-66.
https://doi.org/10.1177/0361198196155100108

Leduc G (2008). Road traffic data: Collection methods and
applications. JRC Technical Note No. 47967, Joint Research
Centre, Seville, Spain.

Longley PA, Goodchild MF, Maguire D], and Rhind DW (2005).
Geographic information systems and science. John Wiley and
Sons, Hoboken, USA.

Mandal A and Byrd H (2017). Density, energy and metabolism of a
proposed smart city. Journal of Contemporary Urban Affairs,
1(2): 57-68.
https://doi.org/10.25034/ijcua.2017.3648

Morris DE (2005). It's a sprawl world after all: The human cost of
unplanned growth-and visions of a better future. New Society
Publishers, Gabriola, Canada.

Nechyba T] and Walsh RP (2004). Urban sprawl. Journal of
Economic Perspectives, 18(4): 177-200.
https://doi.org/10.1257/0895330042632681

Onal S, Dagli U, and Doratli N (1999). The urban problems of
Gazimagusa (Famagusta) and proposals for the future. Cities,
16(5): 333-351.
https://doi.org/10.1016/S0264-2751(99)00031-1

Osborn F] (1965). Garden cities of tomorrow. MIT Press,
Cambridge, USA.

Salon D, Boarnet MG, Handy S, Spears S, and Tal G (2012). How do
local actions affect VMT? A critical review of the empirical
evidence. Transportation Research Part D: Transport and
Environment, 17(7): 495-508.
https://doi.org/10.1016/j.trd.2012.05.006

Samariilitel A, Steen Selvig S, and Holt-Jensen A (2010). Urban
sprawl and suburban development around Parnu and Tallinn,
Estonia. Norsk Geografisk Tidsskrift-Norwegian Journal of
Geography, 64(3): 152-161.
https://doi.org/10.1080/00291951.2010.502653

Schimek P (1996). Household motor vehicle ownership and use:
How much does residential density matter? Transportation
Research Record, 1552(1): 120-125.
https://doi.org/10.1177/0361198196155200117

Shahraki SZ, Sauri D, Serra P, Modugno S, Seifolddini F, and
Pourahmad A (2011). Urban sprawl pattern and land-use
change detection in Yazd, Iran. Habitat International, 35(4):
521-528.
https://doi.org/10.1016/j.habitatint.2011.02.004

SPO (1998). Istatistik Yilligi 1998 [Statistical Yearbook 1998].
istatistik ve Arastirma Dairesi, State Planning Organization
Government Ministry, KKTC Devlet Basimevi, Lefkosa, Cyprus.

SPO (1999). 15 Aralik 1996 genel niifus sayimi niifusun sosyal ve
ekonomik nitelikleri. istatistik ve Arastirma Dairesi, State
Planning Organization Government Ministry, KKTC Devlet
Basimevi, Lefkosa, Cyprus.

SPO (2005). Istatistik Yilligi 2003 [Statistical Yearbook 2003].
[statistik ve Arastirma Dairesi, State Planning Organization
Government Ministry, KKTC Devlet Basimevi, Lefkosa, Cyprus.


https://doi.org/10.1111/j.1541-0064.2008.00214.x
https://doi.org/10.1007/978-3-642-05299-6
https://doi.org/10.1016/S0965-8564(00)00019-7
https://doi.org/10.1007/s11116-004-3046-7
https://doi.org/10.1080/10511482.1999.9521356
https://doi.org/10.1080/01944369708975728
https://doi.org/10.1177/0042098013516521
https://doi.org/10.3141/1831-20
https://doi.org/10.1068/b32155
https://doi.org/10.25034/ijcua.2018.4709
https://doi.org/10.1080/10511482.2001.9521426
https://doi.org/10.1016/S1574-0080(04)80013-0
https://doi.org/10.1177/0739456X14565247
https://doi.org/10.1016/j.energy.2013.12.040
https://bit.ly/32YHQ7W
https://doi.org/10.1177/0361198196155100108
https://doi.org/10.25034/ijcua.2017.3648
https://doi.org/10.1257/0895330042632681
https://doi.org/10.1016/S0264-2751(99)00031-1
https://doi.org/10.1016/j.trd.2012.05.006
https://doi.org/10.1080/00291951.2010.502653
https://doi.org/10.1177/0361198196155200117
https://doi.org/10.1016/j.habitatint.2011.02.004

Kamyar Fuladlu/international Journal of Advanced and Applied Sciences, 7(5) 2020, Pages: 12-19

SPO (2007). KKTC 2006 Niifus Ve Konut Sayimi. Istatistik ve
Arastirma Dairesi, State Planning Organization Government
Ministry, KKTC Devlet Basimevi, Lefkosa, Cyprus.

SPO (2011). Istatistik Yilligi 2009 [Statistical Yearbook 2009].
[statistik ve Arastirma Dairesi, State Planning Organization
Government Ministry, KKTC Devlet Basimevi, Lefkosa, Cyprus.

SPO (2013). KKTC 2011 Niifus Ve Konut Sayimi [T.R.N.Cyprus
2011 Population and Housing Census]. istatistik ve Arastirma
Dairesi, State Planning Organization Government Ministry,
KKTC Devlet Basimevi, Lefkosa, Cyprus.

SPO (2016). Istatistik Yilligi 2014 [Statistical Yearbook 2014].
[statistik ve Arastirma Dairesi, State Planning Organization
Government Ministry, KKTC Devlet Basimevi, Lefkosa, Cyprus.

Torrens PM (2008). A toolkit for measuring sprawl. Applied
Spatial Analysis and Policy, 1(1): 5-36.
https://doi.org/10.1007/s12061-008-9000-x

UNDESA (2019). World urbanization prospects: The 2018
revision (ST/ESA/SER. A/420). United Nations Department of
Economic and Social Affairs, New York, USA.

19

Wang L, Omrani H, Zhao Z, Francomano D, Li K, and Pijanowski B
(2019). Analysis on urban densification dynamics and future
modes in southeastern Wisconsin, USA. PloS One, 14(3):
e0211964.
https://doi.org/10.1371/journal.pone.0211964
PMid:30840656 PMCid:PMC6407910

Williams K, Burton E, and Jenks M (2000). Achieving sustainable
urban form: an introduction. Routledge as part of Taylor and
Francis, London, UK.

Yeo ], Park S, and Jang K (2015). Effects of urban sprawl and
vehicle miles traveled on traffic fatalities. Traffic Injury
Prevention, 16(4): 397-403.
https://doi.org/10.1080/15389588.2014.948616
PMid:25133315

Yorucu V and Keles R (2007). The construction boom and
environmental protection in Northern Cyprus as a
consequence of the Annan Plan. Construction Management
and Economics, 25(1): 77-86.
https://doi.org/10.1080/01446190600902356


https://doi.org/10.1007/s12061-008-9000-x
https://doi.org/10.1371/journal.pone.0211964
https://doi.org/10.1080/15389588.2014.948616
https://doi.org/10.1080/01446190600902356

	Urban sprawl measurement with use of VMT pattern: A longitudinalmethod in case of Famagusta
	1. Introduction
	2. Material and method
	2.1. Study area
	2.2. Dataset preparation
	2.2.1. The annual VMT estimation
	2.2.2. Build-density calculation

	2.3. Study assessment and result

	3. Discussion
	4. Conclusion
	Acknowledgment
	Compliance with ethical standards
	Conflict of interest
	References


