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Abstract. While increasing evidence suggests that rail infrastructure plays a structuring 
role in shaping and transforming cities and regions over time, empirical studies on 
the simultaneous development of rail infrastructure and socio-spatial transformation 
of surrounding neighbourhoods, especially at a local scale, are scarce. The main aim 
of the article is to evaluate the transformation of neighbourhoods around rail transit 
stations, as well as provide a possible explanation of how neighbourhoods can be 
differently affected by the presence of rail stations. Based on a longitudinal dataset 
(2006–16) and using a Difference-in-Differences (DID) model and Multivariate 
Analysis of Variance (MANOVA), a comparative analysis of the Tehran Metro 
Rail System (TMRS) is conducted between high-income neighbourhoods and low-
income neighbourhoods of the city. The results yield that the northern, high-income 
neighbourhoods and the southern, low-income neighbourhoods of Tehran have 
been transformed heterogeneously in terms of socio-demographic factors, land-use 
conditions and renewal processes. The findings also indicate that the mixed estimated 
transformation of neighbourhoods around TMRS’s stations could be explained by the 
contextual factors of the northern and southern study settings in Tehran, including 
land-use characteristics and socio-economic factors. 
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1. Introduction

It is widely argued that major new transport 
infrastructure, especially urban rail infrastructure, 
has a structuring role in shaping and transforming 
cities and regions over time (Banister, 1995; Cervero 
& Seskin, 1995; Higgins et al., 2014). Although 
the introduction of urban rail transit has been 
generally associated with tangible objectives such as 
lower levels of air pollution, noise, traffic and road 
congestion (Anderson, 2014; Baum-Snow et al., 
2005; Yang et al., 2014), one of the highly regarded 
expectations of built or rejuvenated rail transit 
systems is that investment in rail infrastructure can 
spur urban transformation, revitalise declining areas 
and promote more transit-oriented development 
(TOD) by increasing land rents and promoting 
higher density development over time within the 
urban system  (Bhattacharjee, 2013; Guiliano & 
Agarwal, 2010; Higgins et al., 2014; Knight & Trygg, 
1977). The logic is based on changes in regional 
accessibility, mobility options and transportation 
costs being likely to give one area a new competitive 
advantage over other areas, which in turn results in 
greater opportunity for further urban development 
and attracting the flow of socio-economic resources 
(Banister, 1995; Cohen-Blankshtain & Feitelson, 
2011). 

The relationship between rail infrastructure and 
urban transformation has been investigated from a 
variety of perspectives (Banister, 1995; Burmeister, 
1998; Nijkamp & Blass, 1994). Much of the macro-
level empirical research in this area dates back to the 
late 1980s, when federal governments of the United 
States supported studies on the relationship between 
urban form and rail infrastructure development 
(For example, see Cervero & Seskin, 1995; Donnelly 
& Price, 1982; Lawless & Gore, 1999; Meyer & 
Gomez-Ibanez, 1981; Smith, 1984; Webber, 1976). 
Early studies on this topic found that, consistent 
with location theory, regional rail systems were 
a  force toward decentralisation of both population 
and employment, and at the same time had some 
clustering effects (decentralised concentration), 
leading to a more polycentric urban spatial structure 
(Banister, 1995; Cervero, 1984; Cervero & Seskin, 
1995; Higgins et al., 2014). 

At the local scale, many studies focus on the 
impact of rail transit on physical transformations 
and activity pattern variations around rail lines 
and stations (For example, see Cervero & Landis, 
1997; Giuliano, 2004; Higgins et al., 2014; Huang, 
1996; Knight & Trygg, 1977). In this respect, 
changes in land use as the spatial embodiment of 
human activities have been widely studied with 
different approaches. However, a growing body of 
scholarly research challenges the generative land-
use effects of rapid transit, arguing that rail transit 
systems can have a substantial redistributive impact 
and influence where and how growth in a region 
affects activities (Babalik-Sutcliffe, 2002; Cervero 
& Landis, 1997; Cervero & Seskin, 1995; Hass-
Klau & Crampton, 2002; Knight & Trygg, 1977). 
Another part of the literature is dedicated to micro-
economic impacts, such as variations in property 
and rent values for different uses (For example, see 
Debrezion et al., 2007; Higgins & Kanaroglou, 2016; 
Mohammad et al. 2013). Although the verall picture 
has been mixed, providing that there is a strategic 
policy package, the literature offers evidence that 
rail transit has generally had a positive effect on 
land values within walking distance of a rail access 
point, though results differ among modes and 
contexts and across analysis types (Cervero et al., 
2004; Debrezion et al., 2007; Diaz & Mclean, 1999; 
Higgins & Kanaroglou, 2016). 

Although rail transport has a well-accepted 
influence on socio-spatial structures of cities at 
the macro level, at a more detailed level (local 
scale) both the methodologies for analysis and 
the empirical evidence are limited (Banister, 1995; 
Higgins & Kanaroglou, 2016). In this respect, 
urban researchers have rarely analysed the 
relationship between the presence and introduction 
of (new) rail transit stations and socio-spatial 
transformation of surrounding neighbourhoods 
through a comprehensive model. In this study, thus, 
we argue that rail transit projects rarely occur in 
isolation from other changes in urban systems. The 
neighbourhoods surrounding rail transit stations are 
often part of a larger effort by a city to encourage 
transformation around the stations, as well as being 
the main point of connection and interaction of rail 
systems with the urban environment (Bertolini, 1999; 
Bertolini, 2008; Billings, 2011; Papa et al., 2008). 
Therefore, estimating the possible effects of rail 
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transit on urban systems without sufficient attention 
to the local scale and the overall transformation in 
the surrounding neighbourhoods is an unrealistic 
and insufficient way to identify the dynamic process 
around rail stations and its potential underlying 
factors. In this respect, the introduction of the 
Tehran Metro Rail System (TMRS) provides an 
interesting opportunity to evaluate the socio-
spatial transformation of neighbourhoods around 
rail stations in different urban contexts, as the 
neighbourhoods served by TMRS to the north and 
south of the line are considerably different in respect 
of socio-economic level and physical circumstances. 
Applying a Difference-in-Differences (DID) model, 
this article contributes to the body of literature 
by evaluating the transformation of socio-spatial 
attributes of neighbourhoods around rail transit 
stations through different urban contexts at the 
local scale. This context-sensitive approach not only 
captures any possible changes in the socio-spatial 
characteristics of neighbourhoods after the opening 
of a rail station but also reveals the contextual 
factors which are likely to affect the magnitude and 
direction of the impact.

2. Data nad methods

The present article employs a Difference-in-
Differences (DID) model to evaluate the socio-
spatial transformation of residential neighbourhoods 
around rail transit stations. The DID is a statistical 
technique that can be used to calculate the effect 
of a “treatment” (i.e., a new rail service) on an 
outcome variable (i.e., neighbourhood change) by 
comparing the average change for the treatment and 
control groups over a relatively long period, with 
at least one time period before the treatment (pre-
treatment) and at least one time period after the 
treatment (post-treatment) (Abadie, 2005; Conley 
& Taber, 2011; Lechner, 2011). To systematically 
produce an aggregated DID model for all socio-
spatial variables, this article used Multivariate 
Analysis of Variance (MANOVA) to investigate the 
effect of interaction between independent variables 
(interaction between the Time dummy and the 
Treatment group dummy) on multiple dependent 
variables (socio-spatial contextual factors of 
neighbourhoods). The present study defines treated 

neighbourhoods as those located within a given 
distance of a station, while control neighbourhoods 
are those located at a greater distance. In this study, 
the catchment zone for treated neighbourhoods 
includes urban blocks that are located at a distance 
equal to or less than 400 metres from the central 
point of the new rail stations. In addition, the 
control zones used in this article are selected 
through the use of the common trend and bias 
stability assumption of the DID model (Lechner, 
2011; Ransom, 2018; Wing et al., 2018). To satisfy 
this assumption, we compared the trend of socio-
spatial changes between the catchment areas and 
the control zones before the introduction of the rail 
stations. In addition, the present article attempts to 
select the threshold of the control neighbourhoods 
according to the similarities in land use and 
population characteristics between the catchment 
areas and the control zones. Therefore, control 
neighbourhoods located in different contexts (such 
as non-urbanised areas) are excluded from the 
dataset. Then, the maximum possible distance from 
the stations with the aforementioned conditions is 
selected as the control zone, which covers an area 
between 1600 and 2000 metres from the rail stations 
(Fig. 1). Based on the criteria, Qeitarieh Metro 
Station (opening date: 2009) was selected from the 
high-income neighbourhoods in the north, and 
Zamzam Metro Station (opening date: 2013) was 

Fig. 1. Research methodology
Source: Elaborated by the authors 
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Fig. 2. Tehran Metro Rail System and the selected stations
Source: Elaborated by the authors 

Table 1. Descriptive statistics of socio-spatial variables

Source: authors ‘own elaboration

examined from the lower-income neighbourhoods 
in the southern districts of Tehran (Fig. 2).

In this article, the socio-spatial transformation 
of neighbourhoods around TMRS’s stations is 
investigated through the use of a rich dataset 
provided by the Statistical Centre of Iran (SCI). The 
Population and Housing Census of Iran (PHCI) by 
SCI is one of the most reliable and comprehensive 
statistical data sources in Iran, and provides 

comprehensive information on social, demographic, 
economic and physical characteristics of urban areas 
at a census block. The ultimate dataset contains 
1158 and 1136 valid census blocks, respectively, 
for Qeitarieh and Zamzam metro stations. The 
dataset includes information related to changes in 
socio-demographic factors, land-use conditions and 
renewal processes, which are further described in 
Table 1. 
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3. Results 

The results obtained from the DID models are 
reported in Table 2 for the selected stations and 
the catchment zones. The present study essentially 
attempts to evaluate whether the changes in 
socio-spatial variables differ statistically between 
the treatment and control neighbourhoods. In 
this respect, Pillai’s Trace as the most robust 
multivariate test in MANOVA confirms that the 
socio-spatial variables differ along the dimensions 
of time, treatment and specifically their interaction 
(time*treatment). Thus, with a 99% confidence 
level, it can be generally concluded that the 
opening of the selected stations – as an independent 
variable – contributed to the changes in socio-
spatial variables – as dependent variables – of 
adjacent neighbourhoods, compared to the control 
neighbourhoods. In addition, The DID models for 
treated neighbourhoods explain 0.626 and 0.742 
percent of the variation in socio-spatial variables, 
respectively, for Qeitarieh and Zamzam metro 
stations. 

The results yield that the socio-demographic 
factors of neighbourhoods located near the selected 
stations experienced a considerable transformation 
after the opening of the rail stations, as compared 
to the control neighbourhoods. In the northern 
neighbourhoods, the population density decreased 
at a distance equal to or less than 400 metres from 
the rail stations. Following the opening of the 
northern rail station, the growth in total population 
in the area surrounding the stations was estimated 
to be less than in the control neighbourhoods, as 
the population density decreased by 19.421 people 
per hectare within a 400-metre radius of Qeitarieh 
station. Accordingly, the number of households 
living close to the northern station also shows 
a significant decrease of 8.2% compared to the control 
neighbourhoods. The opposite is true for the southern 
station in low-income neighbourhoods, where the 
population density and the number of households 
are positively correlated with the opening of the rail 
station. The models demonstrate 19.3% increases 
in the population density for Zamzam station. In 
addition, over the period considered by the present 
study, the results show that the age structure has 
also transformed to a younger population compared 

to the control neighbourhoods, since the ratio of 
the young population close to the stations increased 
by 10.122 (11.1%) and 21.010 (23.2%) people per 
hectare, respectively, for Qeitarieh and Zamzam 
metro stations. However, only for that station in 
the northern high-income neighbourhoods, the 
decrease in the elderly population is estimated to 
be significant. In fact, following the opening of 
Qeitarieh station in high-income neighbourhoods, 
the living conditions around the station transformed 
into an undesirable environment for the elderly 
population. The results also yield that households 
of lesser size are more inclined to live in the area 
close to the metro stations compared to the control 
neighbourhoods. Immigration flow is also estimated 
to have a strong relationship with the opening of 
the selected metro stations in both northern and 
southern neighbourhoods of Tehran. The DID 
models demonstrate that the number of immigrants 
increased significantly around the selected stations. 
More specifically, higher percentages for the 
immigrant population are captured for the Qeitarieh 
station in high-income neighbourhoods, where 
the immigrant population increased by 12.4%. 
Regarding the changes in employment and activity, 
the results show that the opening of the selected 
stations had a significant effect on the number 
of employed people living around the stations, as 
compared to the control neighbourhoods. During 
2006–2016, the employment rate rose by 12.2% 
and 21.2%, respectively, for Qeitarieh and Zamzam 
stations relative to the neighbourhoods outside 
the impact range of the stations. However, the 
significance level of the models shows that the 
student population did not experience statistically 
significant changes around the southern station, but 
in the case of high-income neighbourhoods, the 
student population increased within a 400-metre 
radius of Qeitarieh station. The findings also 
indicate that residential properties closest to the 
selected rail stations tended to become denser after 
the opening of the rail stations in both low-income 
and high-income neighbourhoods of Tehran, 
since the average surface area of the residential 
properties decreased and the number of floors 
significantly increased around the selected stations, 
as compared to the control properties. The DID 
models demonstrate a paradoxical land-use change 
close to the selected rail stations in high-income 
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and low-income neighbourhoods of Tehran. In the 
case of northern neighbourhoods, the number of 
business/commercial units increased considerably 
by 10.142 (19.2%) per hectare, and at the same time, 
the number of residential units fell by 11.1% within 
a 400-metre radius of Qeitarieh station. Conversely, 
in the southern, low-income neighbourhoods, the 
number of residential units increased significantly 
following the opening of Zamzam station.

Regarding the effect that the opening of rail 
stations had on the renewal process, the results 
show that the low-income neighbourhoods in the 
southern part of Tehran experienced considerable 
renewal. In this regard, the number of run-
down housing units decreased by 9.221 (10.3%) 
per hectare, and in the same way, the number of 
housing units with dilapidated structure dropped to 
13.2% close to Zamzam station. The opposite is true 

Table 2. Estimating socio-spatial transformation of neighborbourhoods around rail stations using difference-in-differences 
model

Source: authors ‘own elaboration
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TMRS’s stations could be explained by the contextual 
factors of the northern and southern study settings 
in Tehran, including land-use characteristics and 
socio-economic factors. Due to the dramatic socio-
economic and physical differences between the 
northern and southern parts of Tehran, the low-
income households of southern neighbourhoods 
tend to rely more on public transportation, as 
compared to the northern affluent neighbourhoods. 
Thus, in this context, living in the immediate 
station area is of high importance for low-income 
households and newcomers to access employment 
opportunities across regions, as considerable 
densification of population and residential land-uses 
was captured in southern neighbourhoods around 
the selected station. On the opposite side, haphazard 
and unplanned commercial gentrification and socio-
cultural tensions around the northern station in the 
affluent neighbourhoods led to an unwillingness 
of wealthy former inhabitants or newcomers to 
live around the station. This manifested itself in 
considerable population loss, as well as an increased 
number of run-down housing units with dilapidated 
structures.

Although compact and mixed-use development 
around rail stations is aligned with TOD principles, 
the findings of this study imply that the success 
of densification and mixed-use transformation in 
residential areas relies on the capacity of the host 
neighbourhoods, as well as supporting demographics 
within those neighbourhoods, to adapt well to denser 
ways of living, working, traveling and socialising. 
If the host neighbourhood for a rail station does 
not have the capacity to receive a high degree of 
densification, then the result may be undesirable 
congestion, neighbourhood nuisance and socio-
cultural tensions, similar to what the high-income 
neighbourhoods of Tehran experienced. This 
highlights the urgent need for context-sensitive 
land-use planning around the constructed rails 
stations that not only supports the positive effects of 
metro stations but can also minimise the nuisance 
effects through a multi-objective planning model 
that integrates transport and local specificities. 

for the high-income neighbourhoods in northern 
parts of Tehran,  which experienced increases in the 
run-down housing units with dilapidated structures 
in the vicinity of Qeitarieh station over the period 
considered by the present study.

4. Discussion and conclusion

This article aimed to assess the socio-spatial 
transformation of low-income and high-income 
neighbourhoods around rail transit stations, based 
on an experience from Tehran, Iran. The findings 
demonstrated that following the opening of TMRS 
stations, the northern, affluent neighbourhoods 
and the southern, low-income neighbourhoods of 
Tehran were transformed differently in terms of 
socio-demographic factors, land-use conditions 
and renewal processes. In the northern, affluent 
neighbourhoods of Tehran, the DID model 
indicated that the opening of the selected rail 
station was accompanied by a growth of business/
commercial units within 400 metres of the station, 
while population density and residential built-up 
area significantly decreased compared to the control 
neighbourhoods. The opposite was captured for the 
southern rail station in low-income neighbourhoods, 
where the opening of the station showed a positive 
impact on population density as well as the 
residential built-up area close to the selected station 
compared to the neighbourhoods outside the impact 
range of the station. In addition, the results showed 
that the age structure also transformed to a younger 
population with lower-level family size, though 
living conditions around the northern station in 
high-income neighbourhoods transformed to an 
undesirable environment for the elderly population. 
Immigration flow and employment rate were also 
estimated to have a strong relationship with the 
opening of the selected rail stations in both northern 
and southern neighbourhoods of Tehran. Ultimately, 
the findings indicate that the residential properties 
closest to the selected rail stations tended to become 
denser after the opening of the rail stations in both 
low-income and high-income neighbourhoods 
of Tehran, but that only the southern station had 
a positive impact on the renewal process.

The results of this article suggest that the mixed 
estimated transformation of neighbourhoods around 
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