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Abstract: There has been a growing interest in finding mitigation measures for urban heat 

islands and urban pollution islands that focus mainly on urban landscape 

mechanisms. However, relatively little research has considered spatial non-

stationarity and temporal non-stationarity, which are both intrinsic properties of 

the environmental system, simultaneously. At the same time, the relevance of 

and differences between the thermal environment and air pollution has also been 

rarely discussed, and both issues are of great importance to urban planning. In 

this study, which is aimed at improving urban ventilation to reduce the urban 

heat island and urban pollution island effects, an urban ventilation potential 

evaluation, land surface temperature time-series clustering and air pollution 

source identification are comprehensively applied to identify the operational 

areas, compensation areas and ventilation corridors in Xiangyang, China, thus 

bridging the gap between academic research and urban planning. The specific 

research areas include: (1) defining the operational areas for urban ventilation 

corridor planning through an urban ventilation potential evaluation featuring 

urban morphology indicators, land surface temperature time-series clustering 

with k-means and an urban air pollution source diffusion analysis via the Hybrid 

Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) and 

geographically weighted regression (GWR) methods; (2) identifying urban cold 

islands through land surface temperatures and delimiting the compensation 

areas in urban ventilation corridor planning; (3) designating urban ventilation 

corridors through an urban ventilation potential evaluation and computational 

fluid dynamics (CFD); and (4) improving urban ventilation corridor planning 

through defining operational areas, compensation areas and ventilation corridors 

as well as proposing corresponding control measures. 

1. INTRODUCTION 

Rapid urbanization has been changing urban forms and functions 

continuously (Stone, 2009), as manifested in increasing surface roughness 

(Chen, Liang & Dirmeyer, 2019),  decreasing ventilation potential, the 

expansion of impervious surfaces (Yang, Chen et al., 2019) and the weakening 

of surface transpiration (Dienst, Lindén, & Esper, 2018). These changes make 

http://dx.doi.org/10.14246/irspsd.8.3_68
mailto:qmzhan@whu.edu.cn
Felix
Highlight



16 

 

International review for spatial planning and sustainable development, Vol.8 No.3 (2020), 16-33 
ISSN: 2187-3666 (online) 
DOI: http://dx.doi.org/10.14246/irspsd.8.3_16 
 
Copyright@SPSD Press from 2010, SPSD Press, Kanazawa 

 
Characteristics of spatio-temporal urban growth 
patterns due to the driving forces of urbanization: 
The Coastal City of Antalya, Turkey 

Merve Yılmaz1* and Fatih Terzi1 
1 Department of Urban and Regional Planning, Faculty of Architecture, Istanbul Technical 
University 
* Corresponding Author, Email: yilmaz.merve@itu.edu.tr  

Received: October 20,2019      Accepted: April 10, 2020 

Key words: Antalya, Coastal City Morphology, Multi-Temporal Satellite Images, Remote 
Sensing, Urban Spatial Growth 

Abstract: Urban growth patterns are a reflection of how urbanization is affected by 
physical geography as well as by the economic, social, and natural factors of 
individual cities. Therefore, an analysis of any urban growth pattern triggered 
by these factors by using measurable variables can make a significant 
contribution towards the determination of future spatial growth strategies. This 
paper aims to characterise and evaluate the urban growth pattern of Antalya, a 
coastal city in Turkey, that occurred between 1987 and 2016. To achieve this, 
a multi-temporal analysis of satellite images was carried out to determine the 
city’s urban growth patterns in 1987, 2000, and 2016, and spatial growth 
indices were then used to identify three urban growth types – sprawl, infill, 
and leapfrog. The results clearly show that the amount of built-up area in 
Antalya increased considerably after 2000, and is estimated to have grown by 
a factor of eight over the period covered by this study, predominantly through 
the processes of sprawl and leapfrog development. 

1. INTRODUCTION 

Demands for land use result in the conversion of natural areas and also 
accelerates urbanization, thereby creating pressure on the natural 
environment (Pickett et al., 2001; Sekovski, Newton, & Dennison, 2012). 
Maintaining the link between sustainability and urban form requires a 
balance that allows sustainable urban growth, but urbanization and the 
spread of built-up areas can lead to a series of unintended results. These 
often include an increase in impervious surfaces, changes to surface water 
drainage lines, disruption of the hydrology cycle, and negative microclimatic 
effects (Erell, Pearlmutter, & Williamson, 2011; McCarthy, Best, & Betts, 
2010; Yılmaz & Terzi, 2018). Arguably, the most serious reasons for the 
latter are the creation of intense/high heat islands (Gartland, 2010; Jusuf et 
al., 2007; Li, Y. y., Zhang, & Kainz, 2012), and increased greenhouse gas 
emissions (McCarthy, Best, & Betts, 2010). In addition, urbanization around 
rivers and surface water drainage areas adversely affects the ecosystems and 
habitats often present at the land-water transition point. This gives rise to a 
requirement that in such cases the specific type of urban growth should be 
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