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Abstract: Although the horizontal expansion of cities is mentioned in the literature as 
one of the reasons for the decline and instability of the central core, this study 
intends to show, by using spatial analysis models, such as Getis-Ord Gi and 
Grouping Analysis, and the spatial diffusion approach, that this conclusion 
differs in small cities. The study area is Torqabeh City, located in the northeast 
of Iran with a population of 20,998. Since 2006 the city has experienced rapid 
physical expansion with an annual growth rate of 5.27%. The research 
variables were population number, number of women, elderly, young, 
employed, unemployed and illiterate. The analysis was performed on 1,476 
urban blocks across 1996, 2006 and 2016. The results indicated that before 
2006, the central core as a "hot spot" was the origin of all population groups 
and was distinct from other urban areas. However, after 2006, population 
groups with the dominant pattern of "contagious diffusion" left the central core 
and settled around it. The outcomes of these changes did not show signs of 
decline and instability of the central core of Torqabeh in response to rapid 
physical expansion. This may be due to the failure of the new areas to play the 
role of a destination for the spatial diffusion of population groups and the lack 
of change in the position of the central core from a "hot spot" to a "cold spot". 
On the other hand, the diffusion of population groups from the central core to 
the peripheral areas, connected to the core in Torqabeh City, caused these 
areas to be similar to the central core and indicated the different condition of 
this city when compared to central core changes in big cities. 

1. INTRODUCTION 

Nowadays, the deterioration and instability of the central core of cities 
are some of the most important issues in urban planning. This is due to the 
population migration from the central core as a result of physical 
characteristics not keeping up with the latest developments, ideological 
(Gentile, Tammaru, & van Kempen, 2012) and cultural (Grant & Gregory, 
2016) changes, the process of touristification and commercialization 
(Hoffman & Musil, 1999; Musil, 1993) and economic reasons. Meanwhile, 
urban physical and horizontal expansion is mentioned as other effective 
factors (Fol & Cunningham-Sabot, 2010; Hyuntae & Myungje, 2015). The 
theoretical basis of this issue is rooted in theories related to smart growth and 
new urbanism, the elements (smart growth) of which are strong and direct 
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development towards the existing communities and prevention of urban 
horizontal expansion (MDP, 2015). 

In the current situation, many cities' efforts are focusing on strengthening 
the position of a central core and preserving its indigenous inhabitants 
(Bromley, Tallon, & Roberts, 2007). However, satisfaction with living in the 
core is accounting for a small percentage of the population (Temelová & 
Dvořáková, 2012). Hence, the population structure in this area is constantly 
changing. Some studies indicate that despite the displacements within the 
texture of the urban core, the settlement pattern of different population 
groups in the central core of cities still follows a cluster pattern. The most 
important factors in this regard are residence history and access to 
transportation options (Bromley et al., 2007; Sakamoto, Iida, & Yokohari, 
2018), the provision of welfare facilities (Brueckner, Thisse, & Zenou, 
1999), and practical and tangible attractions of life (Tallon & Bromley, 
2004) in urban centres compared to other areas. 

The importance of being aware of these changes is due to informing 
planners of future developments and helping to meet the needs associated 
with a variety of uses. Also, the changes in the social structure of the urban 
space may require new discourses to interact with. On the other hand, these 
new structures mirror a certain lifestyle and affect the orientation of future 
actions. Such changes in urban areas range from a short term (Qi et al., 
2015) to a medium-term (Rahnama, Amirfakhrian, & Shirzad, 2014) or a 
long-term (Grant & Gregory, 2016) change. Now an underlying question is 
how to measure these changes and displacements. A review of previous 
studies shows that using census information over different periods and 
comparing them (by a variety of graphs, tables and using statistical methods 
such as correlation and regression models) is common. However, in 
geographical studies, displacements can be examined in the form of spatial 
diffusion patterns (Rosenberg, 2019). 

Such displacements, which take place for various reasons, play an 
important role in the formation or change of urban socio-spatial structure. 
The spatial diffusion pattern enables us to identify the way demographic 
changes occur in cities, especially of the central core. Spatial diffusion is a 
process by which people's behaviours or landscape attributes, and what has 
already occurred in a place, are changed. 

In Iran, the issue of population displacement in cities shows that before 
1920, the central core had a special dynamism and rigidity with a structure 
and function tailored to the resident's needs (Zenozi, 2000), and established a 
logical link between physical elements in the spatial organization of the city, 
while accepting special functions and playing a role on a human scale 
(Tavakoli Nia & Mohammadi, 2010). In recent decades, these areas, due to 
various reasons, have lost some percentage of their population (Sajadi & 
Mohammadi, 2011) and now their demographic changes are a main concern 
in urban studies in Iran. According to some studies, about 60% of the 
population living in these areas tend to move (Mustafa Zadeh, 1998; 
Pourahmad et al., 2011). 

Studies conducted in Iran indicate that among the factors mentioned, 
including environmental degradation and texture exhaustion (Pourahmad et 
al., 2011), physical deficiencies (Rahnama, 1996; Tavassoli, 1989), 
degradation of social indicators (Reshadatjoo & Toloei, 2013), the position 
of economic indicators especially income (Basiri, Mousavi, & Husseinzadeh 
Dalir, 2017; Zanganeh, Samieipour, & Hosseini, 2012), the way of dealing 
with these textures (Habibi, 1988) and the impossibility of female attendance 
(Rahimi et al., 2018), physical and horizontal development is also an 
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important factor of demographic changes in the central core (Poorahmad & 
Shamaeipour, 2001; Soleimani et al., 2013; Soleimani, Zanganeh, & Sheikhi, 
2017; Vares, Zangiabadi, & Shaterian, 2014; Zangi Abadi, Nastaran, & 
Kamali Baghrahi, 2016). These studies show that at the same time the 
horizontal development of a city occurs, the population disperses from the 
central core. 

Numerous studies have been conducted on the effect of horizontal 
expansion on changes in the central core of cities. There are two common 
points in these studies (especially in Iran): 
1. These studies are dedicated to big cities and cities with a population of 

more than 200,000 people. 
2. These studies use classic statistical methods such as correlation to 

examine these changes. 
There are not, however, enough studies on small cities, and it may be 

assumed that the effect of horizontal expansion in the central core of small 
cities is the same as in big cities, while this is not exactly clear. In addition, 
the common method in these studies (classic statistical methods) do not 
show the spatial evolution and the scale of displacement from the central 
core. 

Therefore, identifying the pattern of central core demographic changes as 
a result of the horizontal expansion in small cities using spatial statistical 
methods are the contribution of this article. 

Torqabeh is a city near the metropolis of Mashhad in the northeast of Iran 
with a population of 20,998 in 2016. It has long been considered a tourist 
city due to its natural and historical assets (Farnahad, 2009). According to 
the latest information, it attracts 18,414,900 tourists every year. Available 
data show that since 2006 the city has experienced rapid physical expansion 
(annual growth rate of 5.27%, while it was 1.49% previously). The census 
data also shows a decrease in population and various population groups in 
the central core from 43.5% in 2006 to 28.2% in 2016. Therefore, at first 
glance, the population is leaving the core along with the increase in urban 
horizontal growth. Using spatial diffusion patterns and spatial analysis 
models, the present study aims at identifying (1) Whether the decrease in the 
population of Torqabeh at the same time as the horizontal expansion of the 
city is a sign of instability and the decline of the central core; (2) As a result 
of physical expansion, how the central core position changes compared to 
other areas; (3) What the governing pattern of the population displacement 
from the central core is; and (4) How successful the newly added areas are in 
attracting different population groups. 

2. MATERIALS AND METHODS 

This study aimed at analysing the trend of demographic changes in the 
central core of Torqabeh City during two periods: 1) before 2006 (slow 
physical expansion); and 2) after 2006 (rapid physical expansion) based on 
the existing theoretical bases and literature on spatial diffusion patterns 
(contagious, extension, hierarchy and relocation) and intelligent growth, and 
using statistical tools and techniques such as Getis-Ord Gi and Grouping 
Analysis. Getis-Ord Gi identifies statistically significant hot spots and cold 
spots using a set of weighted features. This tool identifies statistically 
significant spatial clusters of high values (hot spots) and low values (cold 
spots). It creates a new Output Feature Class with a z-score, p-value, and 
confidence level bin (Gi_Bin) for each feature in the Input Feature Class 



Amirfakhrian 151 
 
(ESRI, Hot Spot Analysis (Getis-Ord Gi*), 2019b). While Grouping 
Analysis performs a classification procedure that tries to find natural clusters 
in data. Given the number of groups to create, it will look for a solution 
where all the features within each group are as similar as possible, and all the 
groups themselves are as different as possible. Feature similarity is based on 
the set of attributes that you specify for the Analysis Fields parameter and 
may optionally incorporate spatial properties or space-time properties (ESRI, 
Grouping Analysis, 2019a) 

We used a pseudo-F-statistic diagram to determine spatial clusters. The 
research variables included population size, numbers of women, elderly, 
young, employed, unemployed and illiterate, which were obtained from 
1996, 2006 and 2016 census data. The analysis unit was urban blocks of 
Torqabeh, which included 1,476 blocks in 2016. These variables were 
selected because the information about them was available spatially in the 
statistical periods studied. Using Arc-GIS software, the census information 
of individual variables was linked to the urban block layer. Using the spatial 
analysis tool Getis-Ord Gi hot and cold spots denoted the dispersal of 
population groups separately over three time periods. Due to the natural 
situation of the city, parts of the land within the city is allocated to rivers, 
gardens and mountains which are called cold spots in this study.  

The results of the analysis revealed the changes in the dispersal pattern of 
each population group in the city of Torqabeh. By comparing the patterns 
governing each population group during the respective time period, the 
spatial diffusion trend of each group, in particular after rapid physical 
changes, becomes clear. Table 1 shows how the different types of spatial 
diffusion patterns are identified using the spatial analysis tool Getis-Ord Gi. 

Table 1.  The way of identifying spatial diffusion patterns by the spatial analysis tool Getis-
Ord Gi in Torqabeh city during the periods 1996-2006 and 2006-2016 

Change type Diffusion pattern 
Increased area of hot/cold spots around the central core Expansion 
Formation of hot/cold spots side by side from the central core in 
one or more directions Contagious 

Formation of hot/cold spots in each period in different places Relocation 

The formation of hot/cold spots in each period in different places 
with the preserved origin 

Hierarchical 
 

Then, using spatial clustering models such as Grouping Analysis, 
similarities and differences between the central core and other areas can be 
seen during demographic changes, as well asthe position of population 
groups in different areas of the city. By analysing the results, a clear picture 
of the spatial diffusion and changes in population groups in the city of 
Torqabeh and its central core is obtained. 

In addition to identifying the types of diffusion patterns (Table 1), the 
present study determines their intensity by combining spatial diffusion 
patterns and spatial analysis models, and this is an innovative aspect of this 
study compared to other studies that only use population changes of the 
central core and changes in the city size. 

2.1 Study Area 

The city of Torqabeh in the northeast of Iran, at 59 degrees and 22 
minutes longitude and 36 degrees and 18 minutes latitude, has an elevation 
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of 1,284 meters above sea level and is located near the metropolis of 
Mashhad (Bazoobandi, 2007). According to the 2016 Census, its population 
was 20,998, the urban area was 1,545 hectares and its built area was 721 
hectares. The central core of the city, with a history of about 800 years, has 
an area of 90.4 hectares and a population of 5,935 (28.26% of the 
population, 5.85% of the urban area and 12% of the built area). The city 
consists of 21 neighbourhoods, the three neighbourhoods of Eidgah, Qala-i-
Naw and Pachenar are known as its central core. 

Investigating the physical expansion trend of the city reveals its slow 
growth before 2006. Since then, a sudden rapid growth in the physical 
texture of the city occurred which reached 721 hectares within 10 years with 
an annual growth rate of 5.27%. The population of the city increased from 
15,144 in 2006 to 20,998 in 2016 with an annual growth rate of 3.3% 
(Figure 1 and Table 2). 

 
Figure 1. The position of Torqabeh City in Iran and its historical development trend 

Table 2. Population growth and the framework of Torqabeh City 1976-2016 

Year Area(ha
) Population (number) Period 

Annual growth rate (%) 
Physical population 

1976 236.5 8473 1976-1996 0.9 0.8 
1996 371.7 9982 1996-2006 1.49 4.2 
2006 431.3 15144 2006-2016 5.27 3.3 
2016 720.9 20998 1996-2016 3.36 3.7 

2.2 Spatial Diffusion Theory 

Spatial diffusion was first raised by Hagerstrand in his book "Innovation 
Diffusion as a Spatial Process" in 1953 in Sweden (Haggett, 1996) and now 
is considered as one of the ways of analysing displacements (people, goods, 
styles, etc.) in urban areas. However, it can also be traced to the theories of 
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Chicago school researchers. Ernest Burgess (1886-1966), for example, 
suggested that in the physical development of a city, the process of 
dispersing land uses takes place, and consequently, individuals and groups 
disperse (Poorahmad and Shamaeipour, 2001). Homer Hoyt (1933) believed 
that economic and social differences in demographic and physical structure 
caused the segmental shape of the city (Farid, 2012). According to Calvin 
Schmid, social changes in urban texture occur due to their development 
(Shokui, 1994). Peter Haggett did not consider this "diffusion" as a mere 
shift, but ratherI as a valuable key to know how information is exchanged 
between regions (Haggett, 1996). 

In general, spatial diffusion is classified into four patterns (Cliff et al., 
1981): a) Expansion diffusion: leakage from the source to the surrounding 
areas so its range is expanded. That is, between two time periods, new areas 
are added. b) Relocation diffusion: leakage from the source and is 
accompanied by displacement, such as migration from rural to urban areas. 
c) Contagious diffusion: a type of diffusion that is spatially interconnected; 
and d) Hierarchical diffusion: the prevalence of fashion types that occur 
without being affected by the places between the source and destination 
(Figure 2). 

 
Figure 2. Spatial diffusion patterns (1, 2, 3 are stages of diffusion) 

3. FINDINGS 

3.1 Study of demographic changes in Torqabeh City and 
its central core 

According to the census data of 1996, 2006 and 2016 and by comparing 
them, it is clear that in the city of Torqabeh, the absolute number of all 
population groups except the illiterate increased (Figure 3 left), while the 
number of some population groups such as the illiterate, the employed and 
the young in the central core decreased after 2006 (Figure 3 right). 
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Figure 3. Variations in the population groups in Torqabeh City (left) and the central core 

(right) in 1996, 2006 and 2016 

Comparing the position of the respective groups in the central core with 
the city of Torqabeh reveals that in 1996, about 50% of the different groups 
were living in this area. This was also observed in 2006 with a slight 
difference in some groups. In 2016, all the indicators decreased (Figure 4) 
suggesting a decline in the position and share of the central core compared to 
previous years. 

 
Figure 4. The ratios of population groups living in the central core of Torqabeh 1996-2006-

2016 

A comparison of Figures 3 and 4 indicates an increase in the absolute 
number of population groups (except the young and the employed) in the 
central core and a decrease in its share compared to the city of Torqabeh. 
Therefore, if the evaluation criteria are considered the share and the number 
of population, it can be inferred that at the same time as the rapid physical 
expansion of the city, the position of the central core decreases and the early 
signs of decline in the central core of the city are observed. 

3.2 Study of spatial changes of population groups in the 
city of Torqabeh 

In order to provide a more accurate picture of demographic changes in 
the city of Torqabeh and its central core, the variations of hot and cold spots 
in each population group during three periods, before 1996, 2006 and 2016, 
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were evaluated separately using spatial analysis models such as Hot Spot 
Analysis (Getis-Ord Gi*). The model shows whether the changes are 
statistically significant (at the level of 99% and 95% confidence), in what 
range they are visible, and which pattern they show. These changes are 
analysed based on Table 1. 

3.2.1 Spatial changes in population 

In 1996, the central core of Torqabeh showed a significant difference 
from other areas of the city in terms of population. In that year, the central 
core was the only hot spot of the city's population, and there was an evenly 
distributed population elsewhere. In 2006 the central core of the city still had 
a significant difference with other areas. During this period, the Golestan 
neighbourhood was formed as a new "hot spot" in the east of the central 
core. In 2016, demographic changes in the central core showed an 
appreciable trend, with the hot spots continuously forming outside the 
central core and in the eastern areas. By comparing population dispersal 
patterns in the three periods studied, it is revealed that the spatial diffusion 
pattern in the period 1996-2006 is expansion and hierarchical, and in the 
period 2006-2016 it is contagious, suggesting the population diffusion from 
the city centre to the east (Figure 5). 

 
Figure 5. Spatial changes in the population dispersal of Torqabeh City (1996-2006-2016) 

3.2.2 Spatial variations in the number of elderly (over 65 years) and 
young population 

Elderly population: In 1996, the central core of Torqabeh city showed a 
significant difference with other areas in terms of the elderly population 
distribution as the only hot spot was the elderly population. The same was 
observed in 2006 with a slight difference. However, in 2016, in addition to 
the central core, hot spots were formed as scattered in different parts of the 
city, especially in the east and northeast of the city. These areas should be 
considered as new residential areas for the elderly. Considering the variation 
trend in the period 1996-2006, no certain pattern is observed. However, the 
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dominant pattern in the period 2006-2016 can be considered hierarchical as 
hot spots are scattered in other parts of the city (Figure 6b).  

Young population: The central core was the only hot spot of the young 
population in 1996 and 2006. In this period, the wavelength of spatial 
diffusion is limited and is of relocation and hierarchical type that forms 
within the central core. In the period 2006-2016, the wavelength of spatial 
diffusion increases and the same pattern as the previous decade is observed 
and hot spots are formed outside the central core (Figure 6a). 

 

 
Figure 6. Spatial variations of the young (a) and elderly (b) population in the city of Torqabeh 

1996-2006-2016 

3.2.3 Spatial variations in the female population 

Spatial variations in the female population also show that by 2006 the 
central core was the only hot spot, and therefore showed a significant 
difference with other areas of the city. However, since then the female 

a 

b 
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population displacement from the central core to the eastern parts caused the 
formation of hot spots continuously (Figure 7). 

3.2.4 The spatial variations of the illiterate population 

The spatial variations of the illiterate population also indicate that the 
spatial diffusion in the period 1996-2006 is within the central core, and the 
hot spots in the core change from one neighbourhood to another. In the 
period 2006-2016, the variations indicate the diffusion of hot spots in a 
hierarchical (discrete) pattern in the east and a contagious pattern around the 
central core (Figure 7). 

 

 
Figure 7. Spatial variations of the female (a) and illiterate (b) population in Torqabeh City 

1996-2006-2016 

a 

b 



158 IRSPSDC International, Vol. 10 No.1 (2022), 148-166 
 
3.2.5 Spatial variations of the employed and unemployed population 

Spatial variations of the unemployed population: The results indicate the 
spatial diffusion of hot spots from the central core to the surrounding areas 
occurred in a relocation pattern in the period 1996-2006. The same can also 
be seen in the period 2006-2016 (Figure 8a). 

 

 
Figure 8. Spatial variations of the unemployed (a) and employed (b) population in Torqabeh 

City 1996-2006-2016 

The spatial variations of the employed population indicate the 
displacement of hot spots in the central core in a relocation pattern in the 

a 

b 
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periods 1996-2006 and 2006-2016. The only difference is that in the period 
1996-2006 the displacement was within the central core; however, in the 
period 2006-2016, it was outside the central core. Hence, the central core is 
losing its position, so that the employed population of the city of Torqabeh is 
being evenly distributed throughout the city, and the hot spots formed in 
previous periods are declining (Figure 8b). 

Table 3 shows the dominant spatial diffusion pattern of population 
groups in the city of Torqabeh. 

Table 3.  Dominant spatial diffusion pattern of population groups in Torqabeh City, 1996-
2006 and 2006-2016. 

Diffusion 
Model Period 

Population 

Y
oung 

Elderly 

W
om

en 

Illiterate 

Em
ployed 

U
nem

ployed 

Expansion 
1996-2006 *       

2006-2016        

Hierarchical 
1996-2006 * *      

2006-2016   **  **   

Relocation 
1996-2006  *  * * * * 

2006-2016  **    ** ** 

Contagious 
1996-2006        

2006-2016 ** **  ** **   

* Indicates the presence or absence of the pattern. While ** indicates the dominant pattern 

Considering the rapid physical expansion of Torqabeh City in the period 
2006-2016, and the abovementioned, the following important points can be 
inferred from the spatial diffusion of population groups in Torqabeh City: 
• The central core before 2006 is the origin of all population groups studied 

in the city of Torqabeh. It is supported by the hot spots of population 
groups in the core before this time. The dominant pattern in this period is 
relocation which occurs only within the boundaries of the central core. 

• After 2006, the dominant pattern of spatial diffusion is contagious, 
formed from the inside to the outside of the central core. During this 
period, the diffusion wavelength increases compared with the past period. 

• The population displacement from the central core and its coincidence 
with the physical expansion of the city after 2006 is quite evident. 
However, the displacement caused no cold spots to form in the central 
core, and it is still considered a hot spot for some population groups. 

• New areas added to the urban area during this period could not be the 
destination of spatial diffusion waves of population groups. The 
destination of this diffusion is mainly around the central core. 

• The results obtained indicate that there are different patterns of spatial 
diffusion as a result of population displacement. Therefore, applying the 
word "population outflow" to these developments and not paying 
attention to the way of population diffusion makes the understanding of 
different patterns difficult. 
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4. DISCUSSION 

The preliminary assessment indicates a decline in the position of the 
central core due to the decrease in the share of population groups in the total 
population of the city during the period 2006-2016. Also, investigating 
spatial variations shows that by 2006, the central core is significantly 
different from other areas of the city in terms of population groups. 
However, after 2006 and with the rapid physical expansion of the city, the 
spatial diffusion of population groups begins from the core. Now, an 
underlying question is, what is the effect of the diffusion on the position of 
the central core as the origin of population groups, compared to other areas? 
And, does the area still show a different and distinct position from other 
areas? This evaluation is performed according to the spatial analysis model 
Grouping Analysis, which is based on spatial data. 

4.1 The position of the central core before and after the 
rapid physical expansion of the city of Torqabeh 

The position of the central core in slow expansion conditions (before 
2006): The results of investigating this period indicate all indicators and 
population groups in the form of three spatial clusters. The number of 
clusters is selected based on a pseudo F-statistic diagram and given the best 
conditions. According to this classification, the central core is completely 
located in the second cluster, which is not similar to any of the other city 
textures in terms of population groups. Also, the newly added areas are 
mainly in the first cluster and the areas around the central core are in the 
third cluster (Figure 9). 

 
Figure 9. Clustering of Torqabeh City areas in slow physical expansion conditions (before 

2006) in terms of population groups 

Investigating the position of individual population groups in each cluster 
shows that the value calculated for all groups in the second cluster (central 
core) is significantly different from other clusters and areas of the city. 
Accordingly, the first cluster (new areas of the city) is in the lowest position 
(Figure 10). 
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Figure 10. Comparison of the positions of population groups in the three clusters under the 

slow expansion conditions of Torqabeh City (before 2006) 

The position of the central core in rapid physical expansion conditions 
(after 2006): As the spatial variations of population groups after the rapid 
physical expansion of Torqabeh City show, the diffusion of population 
groups from the central core to the surrounding is observed. The results of 
spatial clustering in this period also show the areas of Torqabeh City in the 
same three clusters. This clustering indicates that spatial diffusion causes the 
emergence of new population cores (similar to the central core) in the east 
and abreast of the central core. In this clustering, the first cluster is allocated 
to the newly added areas. Compared to the developments of the last decade 
(Figure 10), it can be said that among Torqabeh City areas, it is only the 
central core the demographic characteristics of which are diffused leading to 
the emergence of new cores similar to the central core in other areas of the 
city. This is not the case with other areas and their demographic 
characteristics (Figure 11). 

 
Figure 11. Clustering of Torqabeh City areas in rapid physical expansion condition (after 

2006) in terms of population groups 
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The position of population groups in the three clusters in this period 
indicates that the second cluster, as in the previous period, is significantly 
different from other clusters. It is implied that the spatial diffusion of 
demographic characteristics from the central core has not caused the position 
of this area to be declined in terms of the establishment of population 
groups, and the central core could maintain its position despite the physical 
development of the city and the addition of new areas to the urban area. In 
contrast, the newly added areas in recent development do not show a suitable 
position in terms of population groups, in other words, these areas couldn't 
attract different population groups (Figure 12). 

 
Figure 12. Comparison of the positions of population groups in the three clusters under the 

rapid physical expansion conditions of Torqabeh City (after 2006) 

4.2 Theoretical implications 

The results of this study, as other studies indicate (Poorahmad and 
Shamaeipour, 2001; Soleimani et al., 2013, 2017; Vares et al., 2014; Zangi 
Abadi et al., 2016), imply that accompanying horizontal development, the 
population proportion in the central core decreases.  

However, in the present study (regarding a small city), in contrast to 
other studies (in big cities), this is not necessarily considered as a sign of 
degradation of the central core. Supplementary results and spatial diffusion 
patterns and spatial analysis indicate that the process of population diffusion 
begins from the central core simultaneous to physical expansion.  

Such a pattern in the case study (Torqabeh) has some properties that are 
distinct from the findings of other research (in big cities) as to demographic 
variations of the central core in physical growth conditions. These properties 
are: 
(1) Spatial analysis models show that spatial diffusion causes the diffusion 

of demographic characteristics of the central core. This diffusion implies 
that the surrounding textures resemble the central core (i.e., the 
proliferation and diffusion of the central core into other areas in the 
city). 



Amirfakhrian 163 
 
(2) Reduced population ratio of the central core in this process is common 

and is a part of the complementary cycle of spatial diffusion as 
displacement requires diffusion, and it is accompanied by an increase or 
decrease in population. What matters is the overall outcome of this 
diffusion. On the other hand, the diffusion may reduce the density and 
congestion of the central core and improve the quality of life and prevent 
the decline of this area. This can be considered as the reaction of the 
central core to the increase in density and overcrowding. 

(3) Population diffusion from the central core is significant as it mainly 
involves the peripheral areas connected to the central core, so it makes 
these areas similar to the central core. On the other hand, it shows the 
spatial continuity and internal cohesion of population groups. 

(4) The population departure from the central core and urban decline as a 
result of physical growth of the city can be considered true if a) the 
spatial diffusion of the population from the central core to new areas is 
due to physical growth, and b) the central core as a hot spot of 
population groups loses this position and becomes statistically, 
significantly indifferent regarding its hot or cold spots. Both of these are 
rejected in the study area. 

(5) The role of population displacement and diffusion from the central core 
in improving the quality of life in this area can be a main topic for future 
studies. 

5. CONCLUSION 

In Torqabeh City, for a period of 10 years and after horizontal expansion, 
the dissimilarity of demographic changes in its central core with big cities 
was observed. A better understanding of this model and the identification of 
its frameworks requires further case studies. Awareness of these changes can 
help to prepare measures and applications to improve the conditions of the 
central core in these cities.  

However, less attention has been paid to this issue in the scientific 
literature, and the conditions of the central core in big cities were generalized 
in the form of an accepted pattern for all cities. This study revealed that there 
are new contexts of research in small cities. 

In the end, it should be noted that what is evident in the city of Torqabeh 
in a period of 10 years after its physical growth is that the central core 
position has not declined. However, a more accurate assessment may require 
the passage of time. But what challenges past studies in this regard is the 
focus on the early population decline of the central core at the same time as 
physical growth, which seems to be common and a part of the diffusion 
process. Meanwhile, paying attention to other factors, especially the 
interventionist role of governments in the form of physical actions and plans, 
can resolve the existing ambiguities in this regard. 
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