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Abstract: This paper aims to investigate the approach of density policies in the Tehran Master Plan
and the consequences of ignoring the macro spatial scale in density policymaking. In this study,
the floor area ratio (FAR) regulations of the Master Plan of Tehran (which are defined by specific land
use zones) are used as one of the main densification tools. Then, employing the Getis—Ord Local G
and geographic weighted regression (GWR) statistical tests, Arc GIS 10.3 software, and population
and employment variables, the spatial outcomes of the Master Plan density policies were modeled.
In this research, both population and employment (job) variables and their relationship were utilized
to depict the urban spatial structure of the city. The model will show the resulting spatial structure of
Tehran if the densification policies of the plan are realized. The findings of the research are surprising,
as they indicate that the Master Plan’s densification policies would worsen the current spatial structure
by disrupting the current population and employment spatial structure and neglecting their logical
relationships. In fact, the Master Plan would change the current polycentric structure into a highly
dispersed structure due to its densification approach, which is mainly based on the neighborhood
micro scale.

Keywords: density; spatial approach; urban spatial structure; Tehran

1. Introduction

Urban spatial structure is an outcome of the long-term interaction between various actors,
regulations, and practices, and it has a significant influence on the quality of urban development [1-11].
As urban physical interventions are costly and time-consuming [4], taking the long-term and structural
consequences of physical policies such as density into consideration is crucial. This issue should
especially be more highlighted in developing countries that are experiencing rapid urbanization and
sprawl on the one hand, and suffering from financial deficits on the other [12-18].

Urban spatial structure is influenced by the density pattern of the population and activity in the
urban space. Therefore, the approach of the density policies will directly affect urban spatial structure
and urban sustainability [19-21]. Density is undoubtedly considered to be one of the most important
physical measures in urban research. However, for decades this measure in scientific research, as well
as policy-making sectors, has been a vague concept [22]. In reviewing the relevant research, there is a
clear heterogeneity in the results. While many scholars emphasize the positive role of density in urban
development, there are many others that refute any significant influence [21].

The importance of density in the quality of urban development has been widely investigated by
many researchers. Compact and high-density cities are recognized as the most effective urban systems
and are positively related to urban life [23-26]. The important issue in supporting densification is
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weighing the advantages of agglomeration against the disadvantages of sprawl. Accordingly, the main
discussions about low-density urban growth refer to the disadvantages of sprawl, which are related to
the higher degree of loss of agricultural lands, higher development expenses, inefficient extension of
infrastructure, and increase of travel times [27].

On the other hand, there is plenty of research that shows contradictory results. Some studies note
that densification is accompanied by issues such as an increase in traffic, air, and sound pollution,
but it probably does not lead to a decrease in vehicle mileage traveled (VMT) and energy consumption.
In addition, the ecological advantages of dense urban areas come under question when opposing
experiences or behavioral patterns are observed [28].

The prevalence of high density and the compact form paradigm in developed countries has
influenced the density policies of developing cities to envision plans under the aegis of a “compact
city” concept [24]. However, high-density developments are paradoxical in the context of developing
countries. On the one hand, the lack of financial resources in most third world cities make such
policies popular, as urban management has more chances to decrease overall costs of infrastructure
development and maintenance, thereby reducing the cost of per capita resource requirements and
in turn increasing efficiency in service access and delivery [24,29]. On the other hand, high-density
policies are criticized in the context of developing countries due to the fact that many of these cities are
already highly dense. Consequently, there is doubt that densification of an already dense urban area
would achieve the desired goals. Furthermore, opponents of densification in developing cities point
out the main characteristics of these cities, such as crowding, already dense spaces, old and exhausted
infrastructures (especially in the old wards), low living standards, congestion, and pollution [30,31].

In this regard, the important point is that density regulations in the municipalities and local
government sectors are somehow informed by scientific research. The question here is: on which
research results do these policies rely? Notably, the effectiveness of density regulations will be
undermined by heterogeneous research results.

By reviewing the different studies that have employed density as the measure, it is revealed that
ambiguity in the results stems from two main reasons. The first is the use of an unequal geographical
unit as the denominator in the calculation of density. Many of the studies calculate density using
available official statistics of population or employment that are based on administrative boundaries;
differences in the system of administrative boundaries as the denominator can change the value of
density and undermine the interpretability of the density value in different contexts. To eliminate the
effect of the artificial boundaries in density modeling, we used the raster layer of Geographic Information
System (GIS), which is based on the grid cell of variables such as population and employment. With this
method, the modeled map of density was based on the grid cells that have the same area.

Furthermore, density-related research studies utilize different geographical scales. Many studies
that focus on the urban form and workability, for example, mainly employ the neighborhood scale to
analyze the impact of density on human activities [32]. Others use the gross or average density as a
universal value at the municipal or regional scale [33-36].

This issue can be more critical for municipalities and local governments. The mentioned approach
of density consideration that either focuses on the micro scales (such as parcels or neighborhoods) or the
gross average values is widely applied in the formulation of spatial policies by local governments and
municipalities. Consequently, the urban spatial structure that will be formed or affected by the density
regulations in every parcel or neighborhood is missed or at least is not analyzed precisely. In other
words, while there are precise geometric measures of density for every single parcel, like pieces of a
larger puzzle, urban structure as the resulting big picture is often overlooked in densification policies.

The functions of density as a key physical measure in urban planning can be modified in different
spatial structures. A definite average value of density at the city or neighborhood scale can be
interpreted as high or low, but the same value of density can be applied in a variety of urban spatial
structures [37]. In other words, the spatial pattern of high- or low-density spots of population and
employment in the city or city-region structures can provide more precise measurements to assess the
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impacts of density in urban development than a gross average value of density at the neighborhood or
city scale [38].

While this research is in line with the contradictory discussions related to density, it employed a
different approach. The paper tries to fill a gap in the relevant research area by focusing on the urban
spatial structure as an overlooked (or less considered) scale in densification policies. This research also
provides an experience from a different context, that of a developing country. The experiences from the
case study subject of this research, Tehran (the capital city of Iran), will exemplify how densification
policy can result in irreversible and long-standing spatial consequences when it ignores the macro
spatial scale.

When considering the spatial changes of Tehran during the years before and after the approval
of the Master Plan (2007)—especially in terms of density—there appears to be a clear gap between
the spatial goals and policies of the plan and the status quo. To investigate the reason for this gap,
the first question of this research is related to the Master Plan’s approach to density policies. More than
10 years after the approval and implementation of the Master Plan of Tehran, there is now a proper
basis to assess its densification policies and its results.

This paper consists of several interconnected parts. In the introduction, an overlooked scale
in density research and the policy-making sector is discussed. In the second section, a theoretical
background is provided to showcase the contradictory results about the impacts of density in urban
development. The importance of urban spatial structure in density research is also considered in
this section. In the method section, the techniques of data gathering and analysis are explained in
detail. For clarification, in the next section, a brief overview of the spatial changes of Tehran is also
provided. In the fifth section, Tehran’s densification policies are reviewed and analyzed on the bases of
the macro spatial approach. Finally, the results are summarized and synthesized in the discussion and
conclusion section.

Density Debate and the Matter of Scale

Urban densification refers to the concentration process of the population, building units,
employment, and transportation in a defined area. Densification could have several economic,
social, and environmental consequences. Many studies emphasize being in favor of the effectiveness of
densification in achieving urban sustainable development goals, while many others argue the opposite.
This study refers to some of them as its theoretical background.

According to Muiiiz and Galindo (2005), high-density cities have considerably lower footprints,
accommodating a higher population in more limited spaces [39]. This translates to a lower consumption
of valuable land resources. Furthermore, by shortening the distance between the urban functional
areas, urban densification has a significant impact on decreasing the dependency on cars, the VMT,
and the emission of greenhouse gases [40-43]. A denser population also requires adequately meeting
the demand for public services, which justifies their development [44] and, therefore, improves their
efficiency [45,46].

On the other hand, the critics’ view indicates a paradox in the advantages and disadvantages
of densification [23]. The proponents of sprawl believe that densification requires sacrificing
some individuals” aspirations in order to achieve the social goals of sustainable development [37].
Bramley et al. (2009) and Neuman (2005), for example, believe that an urban structure is not sustainable
when it limits the daily lives of people.

The ecological advantages of a dense urban area are the subject of debate [28]. Some studies
also note that while densification is accompanied by several issues, such as an increase in traffic,
air, and sound pollution, it probably does not lead to a decrease in VMT and energy consumption.
Proponents claim that low density and sprawl development has some advantages, including ease
of access to green spaces, the easing of traffic, and shorter commutes for those living in the suburbs.
Furthermore, some studies indicate that perceived environmental quality in higher density cities,
according to surveyed inhabitants, is lower [47,48].
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Allin all, considering density as the single criterion in achieving a sustainable urban development
seems to be misleading, and the debates over its advantages and disadvantages are confusing. One of
the main reasons for such contradictory results in the density-related literature is the matter of reference
area or scale [22,49].

Many of the earlier studies on density take a general approach by only using aggregate
data [33,34,50,51]. Referring to the average density as a gross and universal indicator, they smooth
out the spatial pattern of population and employment clusters in the city. Indeed, average density
cannot reflect the variations of density and, thus, fails to reflect the urban structure accurately [37,52].
In this way, the validity and interpretability of density indicators often suffer from a lack of—or an
unclear—definition of a spatial relationship [53].

Many other studies that include density focus on the neighborhood scale [3,54,55]. However,
while the neighborhood scale is a more accurate measure than gross city-wide density, the problem
of the reference unit still remains. Unequal reference areas—especially at the neighborhood scale,
which are usually based on administrative boundaries—undermine the comparability of the studies.
In addition, focusing just on the neighborhood scale as a micro scale is too narrow to explain the totality
of urban spatial impact [32].

In general, despite the significant influence of urban spatial structure, only a few studies have
focused on urban structure in their investigation of density [4,49,56-58].

Urban spatial structure as the macro scale reflects the distribution pattern of the population,
employment, and communication network, which has great influence on urban development
variables [21,22,43]. In the case of VMT, urban structural variables such as population weighted
density (PWD), population centrality, and jobs-to-housing ratio can significantly reduce VMT and CO,
emissions from the transportation sector. At the neighborhood scale, however, the results are very
narrow [32,59]. Furthermore, the results of some other studies imply that the macro scale of urban
structure can overwhelm neighborhood-scale effects [5,32,55].

The critical point in densification policy is to consider the urban spatial structure as the macro
frame in which the micro unit densification projects are going to be implemented. The same average
density of a neighborhood or city can have multiple spatial arrangements and functional profiles [60-62].
Thus, by affecting population and activity distribution patterns, the coordination of densification
policies with the spatial structure of the city can enhance the effectiveness of density in increasing
urban efficiency and environmental quality [60,63,64].

2. Materials and Methods

This study consists of several interrelated steps. In the first step, the density regulations and
policies were drawn out from Master Plan of Tehran. In this plan, Tehran was divided into four main
functional or macro zones and defined land-use sub-zones. In every sub-zone, the regulations for land
use, maximum allowed floor area ratio (FAR), maximum number of floors, and maximum building
coverage area were provided (see Tables 2—4).

In the second step, the set of aforementioned regulations were entered into the GIS polygon layer
of the land use sub-zones via the Arc GIS 10.3 software. Considering the regulations, the following
formula was used to calculate the possible populating capacity of each sub-zone. In the case of the
green macro zone and the industrial zones, a populating capacity of zero was utilized.

PPS = Z,- ai-Max yi-pri-dpi )

PPS: possible populating of sub-zone.

ai: area of sub-zone (in hectares).

Max yi: maximum allowed FAR.

pri: potential residential development proportion (%).
dpi: assumed population density (100 P/ha).
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The potential residential development proportion was determined for the mixed-use macro zone
in the plan (Table 3). In this research, it was determined as 60% for residential sub-zones and 20% for
commercial sub-zones.

For the calculation of the possible growth of commercial activities in the sub-zones, fri was
replaced by the potential commercial development proportion (Sci) in Equation (1) and the minimum
density of activity per hectare was determined to be 16 (i.e., 16 activities per hectare) (Equation (2)).

PCS = Zj ai-Max yi-Bci-dci 2

PCS: possible growth of commercial activities in sub-zone.
ai: area of sub-zone (in hectares).

Max yi: maximum allowed FAR.

pci: potential commercial development proportion (%).
dci: assumed commercial activity density (16 activities/ha).

The potential commercial development proportion (fci) refers to the proportion of suitable
land area for commercial activities in every macro and sub-zone. According to the Master Plan,
this proportion was determined as 20% for the residential macro zone and 60% for the commercial and
mixed-use macro zones.

For the modeling of the spatial pattern of possible populating of sub-zone (PPS) and possible
growth of commercial activities in sub-zone (PCS), the Getis-Ord Local G Statistic [65] was used.
Compared to the global Moran’s I and local Moran statistics model, this model has the advantage
of distinguishing the hot density clusters (high density) and the cold density clusters (low density),
while Moran'’s I statistics model analyzes similar clusters in terms of their quantitative or qualitative
values [66]. In this research, the resolution of the raster maps was 100 m x 100 m.

Y Wij(ayxi

]

®)

where xi is the population number or density value of cell i, wij(d) is the binary neighborhood function,
and i can equal j given the expected value and variance for each cell.

Geographic weighted regression (GWR) was employed to calculate the spatial relationship between
the population and employment spatial patterns, which were modeled based on the density regulations
of the Master Plan. In addition, the relationship between the spatial pattern of the population of Tehran
and the resulting spatial pattern of the population (of the plan) were analyzed by GWR (Equation (4)).

yi = BO(ui,vi) + Z,Bj[ui , vilxij + &i (4)
=1

where yi is the dependent variable; i represents the location of the study area; (ui,vi) denotes the
location of the ith observed location; f0(ui, vi) indicates the regression parameter at the location of
observation i, which is a function of the geographical position; xij is the independent variable; and ¢i is
the random error of the ith region [67].

We considered population and employment simultaneously in the study of urban spatial structure,
as there is a limited number of studies that have done so. Investigation of the spatial relationship
between these two variables provides a high-resolution picture of the urban structure.

The resulting raster maps depict the possible spatial structure of Tehran according to the density
policies of the Master Plan in every single sub-zone.

For the next step, the current spatial structure of Tehran and its changes during 1996-2011 were
modeled by the Getis—Ord Local G Statistic. Then the current structure was compared with the
resulting spatial structure of Tehran based on the density regulations. The GIS layers of the census
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blocks published by the statistical center of Iran (1996, 2006, and 2011) were used as the basis of the
geo-statistical analysis of the current spatial structure of Tehran.

In order to eliminate biases due to the administrative boundaries in spatial modeling, we relied
on the grid cells (raster layer), which comprise the standardized datasets containing the value grids
of population and employment. This approach removes the influence of official boundaries as the
reference unit in spatial modeling. Finally, in order to provide a clear understanding, the grid cell
results were classified based on the urban districts.

This research employed the new geographic division of Tehran, in which the whole city is divided
into the main urban districts (center, inner, and outer wards) and the main geographical directions.
It must be noted that Tehran consists of 22 administrative municipal regions (AMRs), but the boundaries
of these AMRs are not compatible with the aforementioned divisions.

In order to divide Tehran into new geographical wards, this paper referred to Ghadami and
Newman's research [20] (Figure 1), in which specific criteria were used for defining the boundaries
of the three main areas, including the physical development pattern of Tehran from its first years of
formation to the present (i.e., the historical process), highways and main streets, the main functions
and land uses in Tehran, and residential complex developments on the outskirts, such as Ekbatan,
Apadana, Shahrake Gharb, and Hafthouze.

[TThe center ward is surrounded by the streets of Enghelab, Karegar, Shoosh and 17 Shahrivar.
The main functions of the city are located in this area, such as the Bazaar, parliament,
some ministries, main courts, universities, embassies, and main commercial corridors.
The inner area that developed over the decades gradually around the center consists of four
wards and is limited by highways: Resalat and Hakim from the north, Saidi from the west,
Qasvin and Besat from the south, Emam Ali and Sabalan from the east. The outer wards are
located beyond these highways in which some of the huge residential complex projects such
as Shahrake Gharb, Shahrake Ekbatan and Apadana were built before the revolution.

—Ghadami and Newman [20]
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Figure 1. Main wards of Tehran [20].
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3. Results

3.1. Brief Review of Tehran’s Spatial Characteristics (1996-2011)

The city of Tehran, which had an average population density of 128 per hectare in 2011, is considered
to be a dense city (Table 1). According to the interests of private investors, the military, as well as
governmental and semi-governmental institutions, the outer north and west wards (as the high
and upper-middle social class residential areas) have been experiencing rapid and major building
construction growth [17,68].

Table 1. Changes in population and density of Tehran (1996-2011) [69-71].

Year Population (Number) Census Area (km)  Population Density (P/ha)

1996 6,758,845 707.5 95
2011 8,154,051 636 128

The central area of Tehran comprised three percent of the city’s population (0.209 million) in
2011, while 83% (6.7 million) lived in the outer areas (Figure 2). Of the total population living in
the outer areas, the north and south wards housed over 58% (3.97 million) and 20% (1.39 million),
respectively [20].

Population Density (Pha)

[rcistancafram cBC
[ regions
[Jo-ass

I 495 - 80
[ &0 - <00

[ 100 16¢

I 150 -25¢

I o -soc

I -0

“‘Q‘E = =, d Kilometers

Figure 2. The spatial pattern of the population of Tehran 2011 [20].

With the wider areas of the central, inner, and south wards of Tehran having vulnerable and worn
urban fabrics [16,17,68-79], the urban management failed in introducing positive spatial changes with
the goal of settling more people and increasing employment in these areas. In fact, the population
proportion of the central area has been reduced by 40% between 1996 and 2011. This trend has also
been observed in the inner area, with a reduction of 28% [20].

Based on the employment variable, the spatial structure of Tehran in 2006 indicates a polycentric
structure with a higher employment concentration in the central and inner areas (Table 6).

3.2. The Density Policies of the Tehran Master Plan and Its Spatial Outcomes

Urban densification (especially FAR regulations) has been a long-standing controversial issue
between academia and municipalities in Iran [74]. Despite the expected effectiveness of the densification
strategy to achieve sustainable urban forms in the context of developing countries, the nature of the
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approach to this strategy in Iran is mainly driven by monetary and non-spatial concerns. For instance,
Tehran Municipality (as the capital city) is highly dependent on the revenues obtained from the building
construction tax, fines, and the sales of extra floor area ratio (FAR) [17,74-77]. Before the Master Plan
of Tehran (2007), the density policies were determined based on the simple individual regulations
focusing just on the parcel area and the adjacent road width. The Master Plan was approved in response
to the problems related to the urban development policies and the unplanned densification process.
The High Council of Urban Planning and Architecture of Iran approved the new Master Plan in
December 2007 [77]. The plan was designed based on a projection of 9.1 million expectant inhabitants
in the next 10 years. Moreover, the plan took into consideration 20% additional population (up to
10.5 million) to encourage more building construction and avoid a downturn in the housing market [78].
Some of spatial goals of the Master Plan are listed below:

e  Stabilization of residential land uses; development of public spaces and services.

e  Economic prosperity by strengthening the current commercial and service zones, and ensuring
efficient uses of such spaces for creating new job opportunities.

e  Preservation of the environment (especially considering water, air, noise, and natural resources)
and immunization of the city against natural hazards.

e  Development of the public transportation infrastructure and road networks, as well as travel
demand management.

e Improving the quality of the urban environment and its physical fabric via land-use zoning and
defining rehabilitation, renewal, and reconstruction zones.

Some of the urban spatial strategies of Tehran’s Master Plan which can affect the densification
process include:

e  Urban consolidation.

e Limitation of the residential expansion towards the outer west wards (AMRs 21 and 22) and the
reorganization of the function of these wards for clean industrial activities, productive services,
green spaces, tourism, and information technology.

e  Matching the residential and employment spatial patterns that are expected to be in line with
the natural and historical capacities of the city; avoiding fragmentation and spatial dualism
(north—south).

e Improving the old center of Tehran to develop cultural and touristic functions.

e  Ensuring a balanced distribution of services and reducing travel demand via the establishment of
new regional centers.

The other goals and spatial strategies of the Master Plan of Tehran include decentralization from
the city center, modifying the current mono-centric structure of the city, and shaping the network
structure of the city by establishing a hierarchical system of centers and services at different scales.
(In this section of the Master Plan, 11 main centers in Tehran are proposed with functions at the national
and international scales).

A set of land uses and FAR regulations were provided for the four functional main zones, including
residential, commercial/service, mixed-use, and preserved/green zones. In this plan, the FAR percentage
was determined from 80% to 440% (except for the high-rise building sub-zones), in consideration of
the different land uses and based on the parcel area and street width.

All land uses, based on the corresponding regulations in the four main functional zones,
were determined as follows.

The residence zone, with an area of 266 square kilometers, consisted predominantly of the
residential land use and included the street network and residential supportive services (e.g., schools,
grocery stores, local parks, etc.). To ensure safety and peace in this macro zone, establishing a wide
range of activities was forbidden or conditional, and only establishing local-scale services related to
the daily needs of the residents was allowed (Table 2).
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Table 2. Floor area ratio (FAR) regulations in the residential zone of the Master Plan of Tehran 2007.

Functional The The The Maximum
Zone or Main Zones Three-Digit General Features Maximum Maximum Building
Macro Zone Zones Code of the Sub-Zone Allowed Number Coverage Area
FAR (%) of Floors (%)
. R111 Up to 2 Floors 120 2 60
Low D
ow Density R112 3 Floors 180 3 60
General . . R121 4 Floors 200 4 50
Med Densit;
Residential edinm Henstty R122 5 Floors 250 5 50
. . R131 6 Floors 270 6 45
High Density R132 7 Floors 315 7 45
Valuable Rural R211 2 Floors 100 2 50
Residential Fabrics R212 3 Floors 120 3 40
Valuable Historic Different, Depends
Residential Fabrics R221 on Status 100 2 50
Valuable New .
® Residential Fabrics R231 Keeping the Present Status
Residential <2000 _ b 10
SQ Meters
Special Véluab%e Greer} Ro41 2000 < X > 5000 SQ 3 75
Residential  Residential Fabrics Meters
<5000
SQ Meters ) 4 75
Between Shariatee
Specific Residential R251 Str. and Valiasr Str. 180 4 45
Area in the Central Other Residential
Area R252 ther Residentia 250 5 50
Areas
R261 7 Floors 280 7 40
Specific Residential R262 9 Floors 315 9 35
Area in the Urban High Rise 14 and
Corridors R263 (with Feasibility 600 40
More
Study)

The dominant feature of the commercial and service zone, with an area of 182 square kilometers,
was business and services, while the proportion of residence was very limited. Some parts of this zone
were placed in the highly dense area of employment with weak access, while other parts were located in
areas with high access to the main street network and main stations in the new emerging centers (Table 3).

Table 3. FAR regulations in the commercial and service zone of the Master Plan of Tehran 2007.

The Maximum Building
Functional The Maximum  The Maximum Coverage Area (%)
Zone or Zones Generasl F;_aztures of the Allowed FAR Number of "
Macro Zone ub-£one (%) Floors Up to First Upper
Floor Floors
Traditional Bazaar Keeping the Present Status Until the Special Plan
Bazaar
Bazaar’s Corridors Keeping the Present Status Until the Special Plan
High Rise Corridors 750 >12 80 Up to 3 Floors 30
C al At the Metropolitan Scale 440 9 80 Up to 2 Floors 40
Comaer s At the District Scale 340 6 80Upto2Floors 45
OITICOrs and Area  p the Neighborhood Scale 230 4 80 At the Floor 50
High Rise Areas 600 >12 70 Up to 3 Floors 30
C ial and High Rise Areas 500 >12 50 Up to 2 Floors 20
©) (SJmn'leraé AaSn At the Metropolitan Scale 370 11 50 Up to 2 Floors 30
At c n’imcen( T ) At the District Scale 310 8 50Upto2Floors 35
Y entersa €A Atthe Neighborhood Scale 250 6 50 at the Floor 40
CAS With At the Metropolitan Scale With Specific Plan
Dominance of At the District and . e
Cultural Services Neighborhood Scale With Specific Plan
Manufact Industrial Clusters With Specific Plan 50 -
anufacture Manufactory Industry 80 2 40 -
Workshop Corridors Workshops 150 3 50 -
and Areas Workshop Complex 100 2 50 -
Industrial Servi At the Metropolitan Scale 140 3 60 40
ndustrial services At the District Scale 100 2 60 40
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The mixed-use zone comprised an area of 47 square kilometers, which was formed either by
the growth of commercial spaces in the residential context or areas with the capacity of housing
multipurpose activities related to work, services, residence, or leisure (Table 4).

The green preservation zone comprised an area of 107 square kilometers of green and open public
or private spaces, forest parks, orchards, farmlands, and special protected natural areas. Considering
the crucial role of this zone in improving the environmental quality and the natural landscape of
Tehran, building construction in this area was very limited or often forbidden. This zone was mostly
allocated for the purposes of recreational and tourist activities (Table 4).

According to the modeling of a set of FAR regulations, each main functional zone exemplifies that
the actual results would contradict the approved goals and strategies of the Master Plan of Tehran.
As it is mentioned, the main goals and spatial strategies of the master plan emphasized the urban
consolidation, limitation of the residential expansion towards the outer wards, matching the residential
and employment spatial patterns, improving the old center of Tehran, etc. The modeling of FAR
regulations via the Getis—-Ord Local G Statistic indicates that the spatial pattern of population in Tehran
would become dispersed if the Master Plan is realized. This goes against the plan’s strategies and also
against the status quo, which has shaped a polycentric pattern from 1996 to 2011 (Figures 2 and 3 and
Table 5).

Moreover, employing the geographic weighted regression (GWR) model indicates that the
population spatial pattern that is modeled based on the planned density regulations (2007) has no
significant spatial correlation with the population pattern of Tehran in 2006 (Table 6 and Figure 4).

2

Population Density (Pha)
Based on the Master Plan

l:l Distance from CBD
D Regions
[ I<10
B 10-25
I 25-50
[ ]50-75
[ ]75-100
B 100 -150
I 150 - 200
200 - 250
> 250

N
V_.{:,E ™ ™  Kilometers

Figure 3. The spatial pattern of the population of Tehran based on the density regulations of the Master
Plan *. (Data source: the FAR regulations of the Master Plan). * The ring around the old city center of
Tehran is just to show the scale of the city and serves no analytical purpose in the paper.
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Table 4. FAR regulations in the mixed-use and the preservation zones of the Master Plan of Tehran 2007.

11 of 20

Functional Zone or

The Maximum

The Maximum

The Maximum Building Coverage Area (%)

Minimum Potential Residential

Macro Zone Zones General Features of the Sub-Zone Allowed FAR (%) Number of Floors Up to First Floor Upper Floors Development Proportion
Intra-District Mixed-Use and High-Rise
. 440 9 80 40 40
Mixed-Use (Commercial, Corridors
Administrative, Service and District Mixed-Use Corridors 350 7 80 45 50
Residential Neighborhood Mixed-Use Corridors 280 5 80 50 60
Mixed-Use Areas 200 4 50 50 50
M) Industrial Services, Mixed-Use Corridors 250 5 50 50 20
Mixed-Use Workshops and Residential Mixed-Use Areas 150 3 50 50 25
. Dominance of Cultural and Art Services 150 3 50 50 30
Recreational and Cultural Dominance of Tourism and Recreational
. 200 2 60 60 35
Services
. . Dominance of Pilgrimage Keeping the Present Status Until the Special Plan 40
1 Mixed-
Special Mixed-Use Historic Fabrics Keeping the Present Status Until the Special Plan 40




Sustainability 2020, 12, 7285

12 of 20

Table 5. The impact of Tehran’s Master Plan (2007) on the spatial pattern of population and employment

in Tehran.
Variable Gi Results Resulted Spatial Structure
. Gi = 0.0000 . .
Population 1996 7 score = 3.03 High Clusters, Polycentric
. Gi = 0.000475 . .
Population 2011 7 score = 5.30 High Clusters, Polycentric
Master Plan of Tehran
. Z score = —1.429 .
Population (based on the Master Plan) p Value = 0.152 Dispersed
Activities (based on the Master Plan) Z score = -0.344 Dispersed

p Value = 0.730

Table 6. Spatial relation of the current pattern of population/employment and the resulting pattern of
the Master Plan of Tehran (2007).

Spatial Relation Between: Type of Test Result
The Current Spatial Pattern of Population (2006) and GWRR = 0031
the Resulted Spatial Pattern of Population of the 5 No Spatial Relationship
GWRR* =0.03
Master Plan 2007
Resulted Spatial Population and Activity of the GWRR =0.07 . . .
Master Plan GWRR? = 0.05 No Spatial Relationship
The Current Spatial Pattern of Population and GWRR=0.75 . . . .
Activity of Tehran in 2006 GWRR2=072  ighSpatial Relationship

GWR—geographic weighted regression.

.....__I_-

| i3 .

= W

StdResid

I < 255t Dev.

[ -25--15Std. Dev.
[ ]15--055td.Dev.
[ ] 050585t Dev.
[ ]os-155td Dev

[ 1525 Std. Dev.
0 25 5 10 15

I - 25 s5td. Dev. ——

 Kilometers

Figure 4. The lack of spatial correlation in the proposed pattern of population distribution in the
Master Plan (2007) and the population distribution pattern in Tehran in 2006. (Data source: the FAR
regulations of the Master Plan).
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In fact, the current polycentric population pattern of this metropolis has been ignored in the plan
and is being transformed into a dispersed structure. This indicates ignorance of the past structuring
pattern and status quo in the formulation of the spatial strategy (Table 6).

The density policies of the plan would facilitate more population growth towards the outer
areas of Tehran. By decreasing the population concentration from the central and the inner areas,
the proposed plan would result in the population growth in the outer areas, especially in the outer
north wards. The demographic profile gradient, in line with the social and economic base gradients,
would be from the north to the south, in that 77.3% of the population will settle in the outer areas,
14.8% in the inner areas, and 7.8% in the central area. Interestingly, the density policies of the plan are
in line with the construction investment pattern and the desire of developers who are seeking more
profits through construction in the outer north and outer west areas of Tehran (Figures 5 and 6).

Outer Outer Outer Outer North Inner Central Inner South Outer Outer Outer Outer
North North West North Inner West East Inner South South East South
West East West East

Figure 5. The population of the main wards from the north to the south of Tehran as a result of the FAR
policies of the Master Plan in 2007. (Data source: the FAR regulations of the Master Plan).

12,000,000

10,000,000 9,643,757

8,000,000

6,000,000

4,000,000

2,000,000 1,847,670

975,101

Center Inner Outer

Figure 6. The population of the main areas of Tehran as a result of the FAR policies of the Master Plan
in 2007. (Data source: the FAR regulations of the Master Plan).

Although it is expected that the spatial pattern of employment would be well organized after
the approval and implementation of the Master Plan, the modeling of the density regulations via
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the Getis-Ord Local G Statistic indicates that the Master Plan of Tehran would change the current
polycentric pattern of employment into a dispersed one that lacks the main business hubs. This result
would undermine the function of current employment hubs and lead to the establishment of several
weak employment centers throughout the city (Figure 7 and Table 6).

Employment Density (P/ha)
Based on the Master Plan

Distance fram CBD
Regions
<10
10-25
25-50
50 - 75
75 - 100
B 100 - 150
I 150 - 200
B 200 - 250
B - >0

u 0 25 5 10 15

.,‘.‘<>_E [ ™ | Kilometers

Figure 7. Spatial pattern of employment density of Tehran as a result of the FAR policies of the Master
Plan in 2007 (Employment/ha) *. (Data source: the FAR regulations of the Master Plan). * The ring
around the old city center of Tehran is just to show the scale of the city and serves no analytical purpose
in the paper.

The relationship between the population and the employment spatial patterns is the other measure
that can indicate the quality of the densification policies and strategies. The modeling of density
regulations via the GWR model indicates a non-significant spatial correlation (R? = 0.05) between the
resulting spatial patterns of population and employment (Figure 8), whereas the degree of spatial
correlation between the status quo spatial patterns of employment and population in Tehran (2006)
is much stronger (R? = 0.72). In fact, the results also suggest that the resulting spatial pattern of
population in the Master Plan neither matches the current population pattern nor considers the spatial
relationship of the population and employment in its density strategies and policies. This would
lead to the unbalancing of the spatial structure of this metropolis (Table 6). The spatial separation
of the density nuclei of population from the density nuclei of commercial activities translates into
an increase in the distance between work and residence clusters, which in turn would increase
the need for longer and more frequent travel and entails a variety of negative economic, social,
and environmental consequences.
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Figure 8. The lack of spatial correlation in the resulting pattern of population and employment in the
Master Plan of Tehran in 2007. (Data source: the FAR regulations of the Master Plan).

0 25 5 10 15

4. Conclusions

The aim of this study was to uncover the importance of urban spatial structure as the macro scale
in density policy-making and research. Density is one of the most frequently employed measures in
the literature of urban sustainable development; meanwhile, its effectiveness for achieving the claimed
positive goals is questionable.

The analytical results indicated that the densification policies of Tehran have key weaknesses in
two dimensions. First, there was a serious incompatibility between the density policies and the goals
of the Master Plan. In fact, the goals of the plan emphasize an integrated and balanced urban structure
for residence, work, and leisure; reducing inequalities; sustainable urban development; improving
the quality of the environment; and sustainable transportation. However, the results of this study
indicated that the spatial pattern of population and employment in Tehran would have a dispersed
structure if the density policies of the Master Plan were implemented. These results are in contrast
with the goals and strategies of the plan. Furthermore, there was no significant spatial relationship
between the spatial pattern of population and employment resulting from the FAR policies of the plan.
On the contrary, implementing the FAR regulations would result in meaningful distance between the
population and the employment clusters. This is evidence of another case of disparity between the
goals and policies of the plan.

Second, the densification policies in the Master Plan of Tehran did not match with the current
pattern of the city’s spatial structure, suggesting ignorance of the ongoing trends and the present
pattern that has been shaped for decades. The results indicated that the density policies of the plan
would lead to a non-spatial integration and dispersed structure, while the current population and
employment structure of Tehran is polycentric.

The main finding of this research implies that urban spatial structure has a significant influence on
density policy effectiveness. Indeed, here, the important point in densification planning is to consider
the current spatial structure in which the densification process is occurring and to predict what type of
spatial structure will emerge when the planned densification is implemented. This research showed
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the weakness of both the gross average density approach as well as the neighborhood scale approach
of density policy. The results showed that both the approaches failed to capture the macro structure of
the city, which is configured by spatial patterns of population, employment, services, and networks.

The average density of Tehran as the case study was 128 P/ha in 2011, which is categorized as
a high-density value. However, this city never enjoyed any of the claimed positive effects of high
density. Heavy traffic, high VMT, and air pollution turned into a crisis for Tehran’s inhabitants [79-81].
As Neuman (2005) and Handy (1992) argue, average density tends to reduce the complex entity of
urban form differentiations into one crude criterion. Several other authors are critical of this approach,
as well [45,80-82].

Analyzing the density policy of the Master Plan of Tehran also revealed that referring to density
at the micro scale (such as a block or a neighborhood) is also too small to capture the whole structural
picture of the city. This result is in line with the handful of studies that examined the effects of density
at the neighborhood and urban structure scales on commuting, VMT, and the green hose gas (GHG).
In fact, the results of all these studies imply that the urban spatial structure as the macro spatial scale
can overwhelm neighborhood-scale effects [11,32,51,59,82]. In a study on the impacts of density at the
neighborhood and city scales in China and the USA, Sun and Yin (2019) and Lee (2015) showed that
commuters’ workplaces are usually far beyond neighborhood areas, requiring a long commute from
their neighborhood boundaries. The aforementioned studies also observed the failure of focusing on
neighborhood units in the study of the effects of density on inhabitants’” behaviors.

The contribution of this research is two-fold. First, this research followed a different approach,
which was missing in the related studies on densification. Without considering the macro spatial
configuration of the hot and cold spots of population and employment, average density measurements
at the city or neighborhood scales will miss crucial information about the distribution pattern of spatial
factors. Second, this study provided a case of density policies in practice in the context of a developing
country. During the research, all of the relevant regulation texts were translated into a geographical
understanding by using maps and geo-statistics.

The study conducted modeling of the spatial outcomes of implementing the density policies
of Tehran’s Master Plan in a time-consuming process for the first time. The plan is trusted by the
municipality and is supposed to direct the spatial changes in the city for the next 10 years. However,
the current study faced some limitations regarding access to the updated information of the case
study, which took some months to conduct. Future studies can investigate the economic, social,
and environmental consequences of the density policies of Tehran. It should also be added that
the spatial structure of Tehran is mostly the product of the long-time implementation of unplanned
densification policies (before the Master Plan) and a plan which lacks the spatial approach to
densification policies (after the Master Plan). Finally, this study sought to emphasize the importance of
macro spatial dimensions in urban densification policies.
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