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Abstract: While there is a large body of research on sustainable development and urban resilience,
the interaction between urban densification and urban resilience remains understudied. This study
aims to investigate several facets of urban resilience and densification before analyzing their mutual
relationship. Focusing on ecological, social, economic, and physical elements of urban resilience on
the one hand and population density, residential density, built-up area ratio (BAR), and parcel density
on the other, a combination of spatial and quantitative methodologies is applied. Our empirical
investigation revealed that the spatial distribution of all resilience indicators is varied. In other words,
the cumulative form of urban resilience indicators has a different significance than the individual
version. Similarly, different types of density have varying orientations and degrees of connection
with measures of resilience that should be evaluated in empirical investigations. In addition, our
research revealed that density has a stronger relationship with social and physical resilience than
with ecological and economic resilience. The findings drawn from this research have the potential to
inform the design of secure, resilient cities across a range of spatial dimensions.

Keywords: resilience; compact development; densification; cross-section analysis; Shiraz

1. Introduction

Cities are growth engines and leading game changers to pursuit social and environ-
mental sustainability [1]. However, the high pace of urbanization and unpredictable threats
such as COVID-19 have made cities more vulnerable [2]. Urban planning and research
are concerned with twofold paradigms of sustainability and resilience, to sustain robust
solutions to mitigate or prevent adverse effects of disasters [3]. The interactions between
these two paradigms, sustainability and resilience, have been the subject of several research
papers [4]. After COVID-19, both sustainability and resiliency of urbanization have been
criticized, as cities were the hotspots of the pandemic [5,6]. While these two areas have
been theoretically and conceptually investigated in the literature, the alignment between
them has not deliberately been investigated [7].

This paper considers the compact city model the optimal physical form for sustainable
development due to its contribution to reducing energy consumption and environmental
pollution [8]. This limited perspective, however, disregards the significance of the social,
political, economic, and environmental context in attaining urban sustainability [9]. The
main argument in the literature is whether a sustainable city is necessarily resilient. Follow-
ing this question, we must explain what sustainability and urban resilience mean. Despite
some criticisms, densifying neighborhoods is a land-use planning tool to enhance sus-
tainability [10]. While super-densification may cause unsustainable development [11,12],
density in Shiraz is still not a critical problematic issue as far as it is complemented by
infrastructures and facilities [13]. Therefore, densification has been considered a solution to

Urban Sci. 2023, 7, 23. https:/ /doi.org/10.3390 /urbansci7010023

https:/ /www.mdpi.com/journal /urbansci


https://doi.org/10.3390/urbansci7010023
https://doi.org/10.3390/urbansci7010023
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/urbansci
https://www.mdpi.com
https://orcid.org/0000-0001-9584-7228
https://orcid.org/0000-0001-5183-7829
https://orcid.org/0000-0001-8042-410X
https://doi.org/10.3390/urbansci7010023
https://www.mdpi.com/journal/urbansci
https://www.mdpi.com/article/10.3390/urbansci7010023?type=check_update&version=1

Urban Sci. 2023, 7, 23

20f22

enhance sustainability in Shiraz over the last decades. On the other hand, urban resilience,
as a feature of the system, is differentiated by the targeted threat. In other words, a city
might be resilient to flooding but not earthquakes. Moreover, urban resilience is a broad
concept increasingly used in planning research and practice to persist, adapt, or transform
urban functions [14]. To make a comparable indicator while considering local factors, a
general urban resilience indicator is helpful to replicate in other contexts. This research
is trying to construct an urban resilience indicator and explore its interlinkages with den-
sity. This research aims to analyze the potential correlation between the densification of
urbanized Shiraz and general urban resilience indicators in this city. The main question
of this research is: To what extent are densified areas socially, economically, physically,
and environmentally resilient? Our hypothetical answer to this question is that while
densification might align with some aspects of urban resilience (physical and social), it is
in conflict with some other aspects (economic and environmental). A mix of spatial and
quantitative methods is employed to test the research hypothesis.

2. Literature Review

Resilience is a response to disturbances to climate change uncertainties and socio-economic
insecurities [15]. In other words, resilience is the ability of a system to respond to internal
and external disturbances [16]. Three perceptions or perspectives of resilience evolved in
practice and research: engineering, ecological [17], and evolutionary [15]. Accordingly, re-
silience means getting back to the previous state (engineering), adapting to the disturbance
(ecological), or reaching a new equilibrium (evolutionary) [18]. Therefore, the nature of
the response to these disturbances would be persistence, adaptation, and transformation,
respectively [19]. The last response is more favorable in urban planning as it bounces
forward to a new situation [20]. Accordingly, urban resilience has been used as a concept,
policy, planning framework, and system characteristic [2,19]. There has been an argument
that urban resilience research should clarify the resilience of who to what change [21].
Sharifi (2016) [22] also discussed that the question of resilience to what should be answered
a priori when the resilience of a city or neighborhood is analyzed. However, Joerin et al.
(2014) [23], Sua ‘rez et al. (2016) [24], and Zhang et al. (2020) [25] have argued that while the
resilience of who and to what is essential, generally, we can analyze the level of resiliency
in different scales.

There is a rich literature regarding urban resilience measurements and indicators.
While urban resilience assessment and analysis might not provide normative information
about the community, it is critical in enabling policy-making systems to lead their policies
in the direction of disaster risk reduction [22]. Su arez et al. (2016) [24] constructed an
urban resilience assessment tool from a socio-ecological perspective. They developed
an urban resilience index and applied it to 50 Spanish cities. Zhang et al. (2020) [25]
adapted this urban resilience index, extracted 24 indicators from six main themes, and
weighted them based on their importance. They also applied their model to three cities
in China, longitudinally and cross-sectionally. Joerin et al. (2014) [23] also constructed a
climate disaster resilience index with 25 parameters and 125 variables in five dimensions
(economic, institutional, natural, physical, and social). They applied their assessment tool
to 10 administrative zones in Chennai, India.

In this research, a general resilience assessment tool will be constructed and applied in
the case of Shiraz. To build a general resilience indicator, we have reviewed the literature
and tried to consider the variables based on different criteria. Firstly, several indicators
used in the literature have the same basis, and we tried to combine them. Secondly, some
studies such as Zhang et al. (2020) [25], Joerin et al. (2014) [23], and Su “arez et al. (2016) [24]
have already developed general resilience indicators based on the previous literature,
data availability, measurability, and other factors. Third, data availability was a major
limitation in our case to focus on a general index instead of a specific threat. Finally, we
have checked the reliability and relevance of variables to urban resilience perspectives
(adaptation, persistence, and transformation), principles (redundancy, stability, diversity,
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flexibility, efficiency, modularity, adaptive capacity, inclusivity, efficiency, robustness, inte-
gration, and iteration), and risk reduction or preparedness [25-27] (. While urban resilience
focuses on the specific categorization of urban resilience performances (persistence, adap-
tation, and transformation), both bouncing “back” and “forward” is considered in urban
resilience research and practice [28]. It means scholars and practitioners do not thoroughly
distinguish their research and practice from urban resilience perspectives. Accordingly, the
constructed model aligns with both the adaptation and transformation performances of
urban resilience. While theoretically our model included tens of indicators from different
themes, our final index was limited to a fewer number of social, economic, physical, and
environmental indicators.

Compact urban development is a policy agenda including a broad range of objectives
to reach sustainability [29]. This policy was initially characterized by product-related
features (densification and mixed land use) and process-related features (intensification).
Densifying housing, population, and jobs, horizontally and vertically mixing services and
facilities, and intensifying the use of the land and activities were the tools for pursuing
more sustainable development [30,31]. There has been an intensive argument to find
how and to what extent a compact city contributes to more sustainability. The literature
has shown that compactness, specifically densification, has some outcomes that align
with sustainability goals. This will happen by intensifying development and activities,
controlling urban growth, enhancing social diversity, mixing land uses, and increasing
public transport efficiency [11,32]. However, compact development’s negative and positive
outcomes are highly context-dependent. For example, while living satisfaction in high-
density neighborhoods in one specific city seems optimistic, in another city, this perception
might be negative [33-35]. Furthermore, problems listed as adverse effects of compact
urban development may arise from other factors rather than the compactness itself [29],
such as congestion of industries around the cities [36] and the topography of the cities [37].
Overall, the compactness of urban development may not only bring benefits. Instead, the
outcomes of this policy can be assessed as the trade-off between social, economic, and
environmental sustainability that is highly context-dependent [35]. It also depends on the
density measure type and the analysis’s spatial unit [38].

Beyond these arguments, this research will focus on one aspect of compact develop-
ment: densification. There are contradicting arguments regarding densification’s positive
and negative effects in urban areas. While super-density and congestion of jobs in spe-
cific areas of the city may increase the vulnerability, there is no robust evidence to justify
the interlinks between density and the listed problems [29]. The outcome of densifica-
tion may change based on the context and scale [35]. A densified neighborhood might
have a lower quality of life for residents, but carbon emission mitigation favors regional
and national stakeholders. A rich literature has developed to analyze the effect of den-
sity on different aspects of urban life and function. These studies have investigated the
effect of density on areas such as social sustainability and social segregation [30,35], re-
sources consumption [36], community well-being [39], and health-related issues [34,40—42].
Du et al. (2017) [33] Showed more satisfaction in high-density than low-density neighbor-
hoods in Chicago, but different results are reported by Habibi and Zebardast (2021) [43] in
the Iranian context. Additionally, density has been studied in relation to COVID-19 spread,
hospitality, and mortality in urban areas [44—49]. But the effect of density on COVID-19
spread is not necessarily positive, and contrasting results are provided in the literature [50].
Based on the empirical and review papers discussed earlier, we have found four main
density types applicable to our case study. The details of these factors are provided in the
methodology section.

To build an assessment index system for safe, resilient cities, 30 quantitative indicators
were chosen from the following four categories: ecology, society, economy, and the physical
environment. The selection of indices is based on the current research, including Fan’s
(2020) [51] safety—resilience triangle, but confined to data availability (Figure 1).
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Figure 1. Conceptual model for evaluating a resilient city.

3. Research Design

Urban resilience is a multi-criteria and multidisciplinary phenomenon whose indi-
cators change based on the targeted threat. However, as this concept is inclusive and
divergent in principles, in this research, urban resilience will be investigated in four main
areas (ecological, social, economic, and physical) and the indicators will be discussed
based on the qualities of a resilient city (robust, redundant, flexible, resourceful, reflective,
inclusive, and integrated). On the other hand, density as a component of compact city
development includes four main indicators. Data availability is a critical issue in choosing
both urban resilience and density. For example, institutional or governance is one of the
important areas of urban resilience, but due to a lack of data is not included. This study
is constructed in three main parts. Initially, urban resilience is analyzed by 30 selected
indicators (mainly based on data availability). Then, the city’s compactness of develop-
ment is explained by four density indicators. In the final stage, the associations between
density and urban resilience indicators are deliberately analyzed and discussed in the case
of Shiraz.

4. Case Study

Shiraz is the most populated city in southern region Iran (Figure 2). This city is
bounded by mountains to the east and west and Maharloo Lake to the south. The city
varies by topography from 1488 to 1700 m above sea level. The city has a semi-arid climate
with cold winters and hot summers [52]. Flooding, droughts, and earthquakes, stimulated
by human interventions, have threatened the city in the last decades [53]. On the other
hand, rapid urbanization has changed the natural landscape and mitigated citizens” quality
of life. The city’s population sextupled in the last five decades and reached more than
1.56 million in 2016. This population is settled in 240 square kilometers. Socially, the city is
multicultural and has been one of the main destinations of migrants from surrounding areas
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and other southern provinces [54]. The economic sector base of this city’s services includes
tourism, goods distribution, and administrative and recreational activities. Physically,
as mentioned, the city is surrounded by natural elements, and few corridors have the
potential for development. Due to scarcity of land, densification of development and
leapfrog development have been the scenarios for urbanization. Both of these policies have
been followed by the city’s management system. However, increasingly densified areas
have gained more currency in long- and short-term plans. Additionally, land supply by
the government to increase housing affordability in the outer zones occupied by high-rise
buildings contributed to higher urban consolidation. In some areas, the built-up area ratio
(BAR) grew by more than 130% in the last decade, showing how newly developed areas
have consolidated.

[se]
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Figure 2. Case study area, Shiraz metropolis.

5. Material and Methods
5.1. Data Acquisition

Different data types have been used to analyze the correlation between urban resilience
indicators and densification. Social and economic data were acquired from the Statistical
Center of Iran (SCI) from the 2016 census. The data acquired from SCI were on admin-
istrative districts. These types of data were joined with the GIS layer of administrative
districts to make location-based variables. We have utilized ENVI 4.8 to conduct geometric
and radiometric correction of images extracted from Landsat 7 images we obtained from
the United State Geological Survey (USGS) website (October 2017). To classify them, we
used the maximum likelihood method. Then the classified land cover was combined
with the area of residential houses from SCI to calculate BAR (more detail in Section 5.3).
All calculations were done on the lowest scale (for which the data is available), covering
495 administrative districts.
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5.2. Resilience Indicators

As discussed in the literature review, different assessment tools have been developed
to evaluate urban resilience. For example, Zhang et al. (2020) [25] used 24 indicators and
categorized and weighted them into six areas: society, economy, community, infrastruc-
ture, ecological environment, and institutions. Sua ‘rez et al. (2016) [24] and Joerin et al.
(2014) [23] also provided the same indicators in different contexts. On the other hand, as
urban resilience indicators are context-dependent, data availability is a significant barrier
to assessing urban resilience [26]. Based on the measurability of factors, availability of data,
and relevance to different aspects of urban resilience such as preparedness, risk reduction,
adaptation, and resilience principles, we have collected these 30 indicators (as shown in
Table 1). Various sources from the context and the literature construct these indicators. The
relevance of these indicators to urban resilience principles, preparedness, and risk and

vulnerability reduction is assessed in the last stage of the selection process [55-58].

Table 1. Urban resilience indicators and their measures.

Indicator Sample Definition Unit of Relevance to Resilience Source of Variable  Potential
Reference Measurement Principles Data Name Effect
Ecological
Green space Zhang et al., The total area of Re.duces vu]nerablh.ty to Slr.u?az .
coverage 2020 [25] green spaces Percent risks such as flooding Municipality V1 +
and heat database
Green space Elmqvist et al., The distance to the Better access contributes CIS
accessib};li 2003 [59], De La nearest green space Meter to inclusivity and calculation V2 )
ty Barrera, 2016 [59] & p flexibility principles
. the temperature of Cooling islands improve Landsat 7
Surface Soltani and . . L
temperature Sharifi, 2017 [60] the air near the Degree Celsius climatic comfort for hot ETM+, V3 +
P ! surface of the earth cities USGS.gov
More open spaces .
The share of Abdrabo and The total area of increase modularity and Shg‘az .
Hassaan, Percent o . Municipality V4 -
open spaces 2015 [61] open spaces flexibility during database
a crisis
The proportion of A h igher rate of asp halt Shiraz
The share of Ryazanova and . increases the risk of L
2 road network with Percent Municipality V5 -
paved roads Timin, 2022 [62] threats such as heat and
a paved surface . database
flooding
. . The share of A hlgher rate of t}}e car Shiraz
Car Narieswari et al., . contributes to a higher ...
. households with at Percent : Municipality V6 +
ownership 2019 [63] level of carbon in
least one car . database
the city
The share of
Access to Zhane et al households with Access to healthy water Shiraz
healthy 202(? [25] v healthy water Percent increases adaptive Municipality V7 +
water - connections capacity and inclusivity database
at home
Natural gas . The share O.f Natural gas has a lower Shiraz
Joerin et al., households with a .. .
as the source Percent level of emission than Municipality V8 +
2014 [23] natural gas .
of energy - fossil fuel resources database
connection at home
Social
Access to basic
Illiteracy Milman et al., The share of people education is an indicator
level 2020 [64] with no literacy Percent of SCT, 2017 Vo -
education equity
Pop]‘.ﬂahon The share of people Higher education
with a Copeland et al., ; -
. . with at least one Percent increases SCI, 2017 V10 +
university 2020 [56]

degree

academic degree

adaptive capacity
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Table 1. Cont.
Indicator Sample Definition Unit of Relevance to Resilience Source of Variable  Potential
Reference Measurement Principles Data Name Effect
Chenhone and The share of Access to the internet
Computer & households with and computers enhances
X Guofang, Percent SCI, 2017 Vi1 +
ownership 2002 [65] access to a the awareness of
: computer residents to threats
. . . The share of units Increases the risk,
Muitl—rfle:mﬂy Hagggle}[l()zs al, with more than one Percent especially during a crisis SCI, 2017 V12 -
ome household such as a pandemic
Single- The share of lone Families 'w1th one parent
Ramadhana, . have higher pressure
parent parents with at Percent SCI, 2017 V13 -
. 2020 [67] . and are more vulnerable
family least one child . .
mentally and financially
In the absence of
Narieswari et al., The share of institutional capacities,
Immigrant 2019 [63], immigrant migrants have the B
population Preston et al., households (within Percent problem of integrating SC1, 2017 Vi
2022 [57] the last ten years) into society and are,
thus, vulnerable
Single and older people
Single need support from the
Zhang et al., The share of lone government if there is
pe(t)ﬁ);i(;lsder 2020 [25] adults aged over 50 Percent no family, which 5CI, 2017 V15 B
increases the level of
vulnerability
Vulnerable Old and very young
opulation Berkes et al The share of people people need special
p(<p1 0 and 2003 [68] v aged over 65 or less Percent support as they are more SCI, 2017 Vie -
65<) ? than 10 vulnerable, specifically
during a crisis
Economic
Zhang et al., The share of people The unemployment rate
Unemployment 2020 [25], in the labor force Percent is an m'dlcator of t.h‘e SCI, 2017 V17 )
rate Hudec et al,, who are economic vulnerability
2018 [58] unemployed of a zone
The share of The rea.l estate economy
in Iran is highly prone to
Tenant Milman et al households where macroeconomic
v no member of the Percent o SCI, 2017 V18 -
households 2020 [64] X conditions; renters are
family owns
their dwelling more vulnerable
than tenants
The share of Low-income groups
households with have a lower level of
Low-income Berkes et al., . savings and, during a
oUDS 2003 [68] low income (less Percent crisis, are more SCI, 2017 V19 -
group than 50 million ¢
. vulnerable than other
rials per month) -
social groups
This group of workers
The share of has more resilience
. working people in during a crisis
Clzzglsve Err;%tls(())r[l()egt] al., science, health and Percent (e.g., during COVID-19, SCI, 2017 V20 +
engineering, they were able to work
and arts remotely and were
less vulnerable)
The share of Unskilled workers
Unskilled Abdrabo and workers with no usually have lower
Hassaan, . Percent 7 R SCI, 2017 V21 -
workers 2015 [61] professional economic security and
certificate higher vulnerability
The share of quple Workm%lln other
Working in Abdrabo and workers working cities are usually more
another cit Hassaan, in cities other Percent vulnerable as they can’t SCI, 2017 V22 -
y 2015 [61] find good conditions

than Shiraz

in Shiraz
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Table 1. Cont.

Indicator Sample Definition Unit of Relevance to Resilience Source of Variable  Potential
Reference Measurement Principles Data Name Effect
Physical
The share of Increases the
Utility Milman et al., households with preparedness for any
availability 2020 [64] electricity Percent kind of threat, including SC1, 2017 V23 *
connection at home flooding and fire
The share of
Sanitary households with Enhances the health of
. Joerin et al., sanitary spaces residents and
spa;eosnllr; the 2014 [23] such as kitchen and Percent accordingly SCI, 2017 V24 *
bathroom in lowers vulnerability
the home
The share of Overcrowding increases
Home area Hamideh et al., dwellings with an 1 .
less than 50 2021 [65] area of less than Percent the vulnerability to' risks SCI, 2017 V25 -
such as pandemics
50 square meters
Building Chenhong and bEH?ﬂfr?asriv(i)fh The strength of
structure Guofang, concrgte or Percent buildings is associated SCIL, 2017 V26 +
strength 2022 [26] steel structure with higher robustness
Accessibility Abdrabo and The distance to the Increases the CIS
to security Hassaan, nearest Meter preparedness calculation V27 +
services 2015 [61] security services in neighborhoods
Accessibility Abdrabo and The distance to the Reduces the time for aIsS
to safety Hassaan, nearest Meter response and calculation V28 +
services 2015 [61] safety services short-term reactions
Accessibility Narieswari et al The distance to the Increases preparedness CIS
to medical 2019 [63] ) nearest Meter and adaptation to calculation V29 +
services ) medical services threats during a crisis
Proximity to Proximity to hazardous
hazardous Abdrabo and The distance to the sﬂe:(s):lcl)iﬁ;sc%laesgitcaations CIS
locations Hassaan, nearest Meter sources increases the calculation V30 -
such as gas 2015 [61] hazardous site -
stations vulnerability
of neighborhoods

This research is based on a cross-sectional analysis to understand how indicators
are differentiated based on the characteristics of zones. Because the measurement units
of indicators are not the same, we need to normalize or standardize them and combine
them into four main categories of ecological, social, economic, and physical resilience. The
standardization method is based on the following formula:

Xi—X

Xstandard Xoax — Xmin (1)
where x; is the real value of indicator j; and X, x4x, and x,,,;, are the average value, maximum
and minimum observation of indicator j, respectively. This conversion system makes the
value of all indicators comparable to a system with the same unit. The sum of values
in each row for each factor (for example, ecological) would be the value of that zone
in ecological, social, economic, and physical resilience. Also, as this research compares
urban resilience indicators and their distribution throughout the space, we have applied a
clustering analysis to detect the hot spots of the high and low values of urban resilience
indicators in each dimension. The concentration and distribution of urban resilience in
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each dimension are analyzed by the spatial autocorrelation method of Moran’s I (Local
Indicators of Spatial Autocorrelation [LISA]). The function of this model is shown below:

Lit1 X wij(xi — %) (yi — 7))

- (2 i) T (i = %)

@

where ; is the value of zone I and # is the total number of zones, ¥ is the average value of x
in all zones and wj; is the spatial weight of the relationship between I and j zones. The local
Moran’s I output has five categories: (1). Not significant (these areas have no statistically
significant pattern), (2). High-high (zones with a high value are surrounded by zones with
a high value), (3). High-low (zones with a high value are surrounded by zones with a low
value), (4). Low-high (zones with a low value are surrounded by zones with a high value),
and (5). Low-low (zones with a low value are surrounded by zones with a low value).

5.3. Densification Measurement

Densification can be measured by different methods based on the availability of data
and the research goals [52]. We have used four main types of density for which the available
data sources could be measured: population density, built-up area ratio (BAR), residential
density, and parcel density. Population density is calculated by Equation (3):

Ny
D; =L

= 3
pi ©)

where D;, p;, and s; are density, population, and area of zone i, respectively. On the other
hand, we have used the built-up density called BAR (built-up area ratio). This indicator
shows the intensity of land used for buildings in a specific zone. It is calculated based on
Equation (4):

Y M
H;
where BAR; is the built-up area ratio in district i, H; is the built-up area of district 7, M; is the
usable area of all floors in district 7, which is calculated through land-cover data multiplied
by the size of houses in that zone, and m is the number of parcels in zone i. Therefore,

where the value of BAR is higher, land-use intensity would be more.

Residential density is based on the areas allocated to residential land use: the total
residential uses area in each zone to the total area of the zone.

Parcel density is another form of densification measurement that can be extracted
from satellite images. This indicator is the share of each zone allocated to any built-up area
regardless of the number of floors and land use.

BAR; = @)

6. Results
6.1. Cross-Sectional Analysis of Urban Resilience

Based on the relevant literature [23-26] and, more importantly, the availability of data
in the case of Shiraz, 30 urban resilience indicators were calculated in 496 zones in Shiraz.
There was a wide variation among urban districts in terms of resilience indicators. More
information is reported in the following sections.

6.1.1. Ecological Resilience Indicators

As shown in Table 1, ecological resilience includes eight variables with different units.
Variables have various measures and units, as can be seen in Table 1. The share of green
space and asphalted open space have the same unit; their standard deviation is between
10.56 and 13.49. Green and open spaces in each zone are positive indicators of ecological
resilience, while a higher share of asphalt reduces soil absorption. Specifically, as flooding
is the most common natural hazard in Shiraz, this indicator is critical (the mean of this
indicator in Shiraz is 24%). Surface temperature is another critical indicator of ecological
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resilience, as Shiraz is a semi-arid city. This indicator varies between 17.42 to 32.59, with
an average of 25 Celsius. Finally, car ownership, the availability of healthy water, and the
availability of natural gas are social indicators that have ecological effects. On average,
more than half of Shiraz population have cars, 96% of households consume natural gas,
and 98.36% have access to healthy water.

From a cross-sectional perspective, as revealed in Figure 3, the ecological resilience
value has a heterogeneous pattern. The value of ecological resilience has normalized
between 0 and 1 to rank all zones. A cluster analysis, presented in Figure 3, shows that
ecological resilience in some parts of the city is concentrated. However, this pattern is
not necessarily based on the social north and south of the city. The southern and some
north-center zones of the city have the highest ecological resilience. The main reason might
be the higher share of green and open spaces in these zones. On the other hand, some cold
spots of ecological resilience were detected in the central and northern zones. While the
former is a historical zone of the city and has a deficient level of open and green spaces, the
latter has mainly a rural-urban landscape.

0 175 35

ﬁ Moran's I Clustering of Ecological Resilience - Ecological Resilience Rate

I Lov-Low Cluster
-

P e i
%.

Ecological Resilience Rate

Legend p [10.000000 - 0.200000
Not Significant b % [ 0.200001 - 0.400000
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Figure 3. Ecological urban resilience value distribution in the case of Shiraz.

6.1.2. Social Resilience

Social resilience in this research includes eight indicators based on data availability.
Except for the population with university degrees and computers owned by households,
other indicators have negative social resilience across zones. The computer ownership
indicator reported the highest variation in the indicators, with a standard deviation of
19.44 as the data varied between 15-84%. The distribution of immigrants in the city seems
heterogeneous, and zones have between less than 1 to more than 45% of this population.
The percentage of illiterate individuals and single-headed families has the same variation
among all zones at about 5.4%. Although single families in Iran are not that common it
has increased in the last decades. The share of single people older than 50 is an important
social resilience issue in the case of Iran. The vulnerable population, considered to be
people who need special care, is less than 19% of the population on average. The social
resilience indicator varied between —2.78 and 2.01, with a standard deviation of 0.9. This
issue emphasizes that social resilience in Shiraz is highly clustered.
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Figure 4 shows the city’s spatial distribution and concentration of social resilience
indicators. Most of the zones have a value of social resilience between 0.4 and 1. The cluster
analysis of the distribute of the social resilience value in Shiraz reveals that the highest level
of this indicator is in the northern parts of the city. This pattern is understandable as, from
an economic and social perspective, the most affluent people live in these areas [52]. On
the other hand, the cold spot of the social resilience value could be seen in the city’s central,
south, and southeast zones. As mentioned earlier, the detected cold spot in the center of
the city comprises the historical zones with low quality-of-life conditions. These zones
experience various vandalism, homelessness, and other social problems. The concentration
of challenges in these zones has made urban rehabilitation and revitalization difficult, even
though all development plans place a particular focus on these zones.
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Figure 4. Social resilience value distribution in the case of Shiraz.

6.1.3. Economic Resilience

The description of indicators for economic resilience is presented in Table 1. As
mentioned, due to the lack of relevant data on the micro-scale, just six economic resilience
were extracted and measured in the case of Shiraz. While these variables might logically
have the same meanings, their spatial distribution is different based on their internal
correlation. While renting is not a negative issue, in the Iranian context, tenants have a
low level of economic security as the prices change unexpectedly and housing costs will
burden families. On average, about 43% of households in Shiraz are tenants. But the
distribution of tenant households in all zones is not the same and varies between 10% to
70%. The unemployment rate is another resilience indicator in urban areas. In the case of
Shiraz, this indicator is differentiated with a standard deviation of 3.22. The distribution
of low-income groups in the city shows a high level of variation with about 23 standard
variations. Similarly, the share of unskilled workers in the zones differs from 0.25% to 41%.
On average, more than 1% of employees work in another city, with a standard variation of
1.92. In general, economic resilience in all zones varied between —2.09 and 2.47, with less
than the standard deviation of 0.89.
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As shown in Figure 5, Shiraz economic resilience value distribution is highly clustered.
While hot spots of economic resilience are highly concentrated from central to northern
areas, cold spots are clustered in the city’s historical zones and southern parts. This result
indicates that peripheral areas in the city’s south are economically disadvantaged.
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Figure 5. Economic urban resilience value distribution in the case of Shiraz.

6.1.4. Physical Resilience

Physical resilience in this research includes eight indicators. A home area of less than
50 m? is considered a negative factor affecting the physical resilience of the city because,
in the Iranian context, this threshold is determined by the Ministry of Road and Urban
Planning as an unsustainable form of housing. About 13% of entire houses in the city are
less than 50 m? with a high standard deviation. While accessibility to security and safety
services is low, at less than 1400 m, the average distance to medical services is as high as
2800 m. The difference between the highest and lowest levels of physical resilience is higher
than in other dimensions. However, the standard variation in this dimension is the same as
others at 0.86. Worth mentioning is that all indicators are standardized and the total urban
resilience in each dimension is also normalized.

The spatial variation of physical resilience in all zones is presented in Figure 6. Based
on the selected indicators, there is a clear segregation pattern in the distribution of physical
resilience. Northern parts of the city have the highest level of physical resilience. Conversely,
the central parts of the city, mainly including historical areas and peripheral areas of
southern zones, have the lowest level of physical resilience. The clustering analysis also
shows the concentration of more resilient zones in the city’s north. In contrast, the center
and south of the city have low physical resilience levels.
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Figure 6. Physical urban resilience value distribution in the case of Shiraz.

6.2. Cross-Sectional Analysis of Densification

Densification in this research is addressed in four main types discussed in Section 5.3.
These types, as shown in Table 2, have highly different forms of calculation and natures.
As an evidence, the standard deviation varies between 0.18 at a residential density to more
than 58 at a parcel density. While this research aimed to analyze the correlation between
densification and urban resilience, density variation shows that a more detailed analysis is
needed to understand what we mean by density. For example, population density, one of
the most common types of density, has a very high standard deviation, as the difference
between maximum and minimum is as high as 116 units. However, this variation is higher
in the case of parcel density, as the mean is 101.36 with a standard deviation of more than 58.
On the other hand, BAR and residential density have low levels of spatial variation.

Table 2. Descriptive statistics of densification in all zones of Shiraz (2016).

Density Types Min Max Mean SD
Population density 0.03 116 0.94 18.81
BAR 0.15 5.57 0.92 0.36
Residential density 0.02 0.82 0.43 0.18
Parcel density 0.98 304.16 101.36 58.02

While it was expected that different forms of densification will have more or less the
same representation, the correlation analysis of these variables indicates that they have
different meanings. Table 3 shows BAR has a very low and negative correlation with
population and residential density. Its correlation with parcel density is not significant
at 0.05 significance level but in 0.1 level is significant and considerable (0.3). However,
population density is very highly correlated with residential and parcel density. Finally,
residential and population density have high correlation with parcel density. This analysis
shows that BAR seems to be an independent variable compared to other densification
indicators. Population, residential, and parcel density present more or less the same value,
although they measure different phenomena.
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Table 3. Correlation between different types of density variables.

Population BAR Residential Parcel
Population 1 - - -
BAR —0.08 1 - -
Residential 0.74 —0.07 1 -
Parcel 0.74 0.32 0.7 1

Figure 7 shows that the population density in the central areas is higher than in the
northern and peripheral zones. The concentration of hot spots is not considerable, but cold
spots of population density value could be detected in the north of the city, specifically in
the outer rings. Housing density has a similar pattern, as shown in Figure 8. But it is worth
mentioning that high housing-density zones are significantly concentrated in the central
zones. As one of the most common forms of densification used in previous studies, the
built-up area ratio has a very different distribution pattern than other types of densification
representation (see Figure 9). While the central and southern parts of the city have a low
level of BAR, the hot spots of this variable have been detected in different parts of the city,
albeit with a higher concentration in northern areas. Additionally, parcel density, as a novel
indicator of density, unlike other variables, has a significant concentration in central zones,
specifically the historical districts (Figure 10).
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Figure 7. Population density distribution in the case of Shiraz.
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Figure 10. Parcel density distribution in the case of Shiraz.

6.3. Densification and Urban Resilience Correlation

The correlation between available urban resilience and densification variables is indi-
cated in Table 4. Generally, ecological resilience is considerably correlated with population
density, while a lower level correlates with parcel density. BAR and residential density
both have less than a 0.1 positive correlation. Regarding individual indicators of ecological
resilience, the share of asphalt areas, accessibility to healthy water and natural gas as the
main energy source of households positively correlate with all types of density variables.
The rest of the indicators have a negative correlation with density variables. Regarding the
level of correlation, the most evident interrelated variable is the share of open spaces. As
the density increases, the share of open spaces significantly reduces.

The correlation between social resilience and densification (Table 4) is the opposite
of ecological resilience. While the sign of the relationship for BAR is positive, the rest of
the density variables negatively affect social resilience. Generally, a low level of social
resilience is in the places with the higher population density, while higher BAR is positively
associated with higher social resilience. The opposite of this trend can be seen in individual
indicators (illiteracy level, more than one family living in a home, single-headed families,
and single people older than 50) by relatively significant positive and negative correlations
with population density and BAR, respectively. Unlike the single-headed family indicator,
residential density has the lowest correlation with social resilience indicators. Generally,
our analysis results reveal that the sign social resilience indicators’ correlation with the
density variable is not in the same direction.

Economic resilience has a low level of correlation with densification variables. As shown
in Table 4, the highest economic resilience correlation coefficient is with BAR and population
density by 0.31 and —0.27, respectively. On the other hand, economic resilience has the
lowest association with density variables by a correlation coefficient value of —0.01. Moreover,
individual indicators of economic resilience have the lowest association with residential
density. The highest correlation coefficient is between the distribution of unskilled workers
in the city and BAR. From a logical perspective, this issue is hard to understand, but this
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variable has a lower association with population density. Another interesting issue is the
higher correlation between tenant households and parcel density. Specifically, this result is
because people who live in low-density areas and small houses are more likely to be tenants
in the case of Shiraz. This result comes from the clustering analysis of economic resilience that
showed a concentration in central areas with the highest parcel density.

Table 4. Correlation between urban resilience and density variables.

Density Ecological V1 V2 V3 V4 V5 V6 V7 Vs
, Coeff. e IS
Population p-value 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01
A — Coeff. —0.09%  0.11* 0.09 * —022"*  0.06 0.03 0407 0.02 0.26 ***
Built-up Density =~y 0 0.06 0.07 0.06 0.00 012 0.17 0.00 018 0.00
. Coeff. 0.04 048 032" 062" —036" 040* 017" 004 0.23 %+
Residential p-value 0.34 0.00 0.00 0.00 0.00 0.00 0.01 0.20 0.00
Coeff. 0.19 QA1 _0.14™ | 0607 0247 022*%  =029%% ] 015 |02
Parcel p-value 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00
Density Social Vo V10 Vi1 V12 V13 Vi4 V15 V16
, Coeff. —048*% 049%™ 027" _0.32** 050** 049%™ 036  0.12* 0.24 %
Population p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00
, — Coeff. 044**  —040™* 031" 039" 037" 013" 004 —0.04 —08L™*
Built-up Density = ~7j e 0.00 0.00 0.00 0.00 0.00 0.02 020 0.20 0.00
L Coeff. 023" 0.19* 003 —0.02 029  049**  —030™* 026" 005
Residential p-value 0.00 0.01 0.27 0.32 0.00 0.00 0.00 0.00 0.38
Coeff. 027" 026" 023" 022" 024 024" | 017~ —005 0.15
Parcel p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.38 0.03
Density Economic V17 V18 V19 V20 V21 V22 - -
, Coeff. =027 | 0.04 012~ 030" 028 028" 024" - -
Population p-value 0.00 034 0.06 0.00 0.00 0.00 0.00
,  Coeff. 031* 012~ —0.08 025" 032%* 034" 006 E -
Built-up Density = "1 0.00 0.06 041 0.00 0.00 0.00 034
o Coeff. —0.01 014% 002 013%  —006* 002 el - -
Residential pvalue 058 0.03 0.40 0.04 0.08 047 0.00
Coeff. —0.17*  —0.06 023%* 028" 016" 017* —0.19
Parcel pvalue 0.02 034 0.00 0.00 0.02 0.02 0.01
Density Physical V23 V24 V25 V26 V27 V28 V29 V30
Population Coeff. —048**  —0.06 —041™* 030™  —026™ —022° —026" —028" —025*
p-value 0.00 038 0.00 0.00 0.00 0.00 0.00 0.00 0.00
. — Coeff. 037  038°* 038 0.8 | 035™ 005 —0.01 0.03 0.06
Built-up Density = " 1e 0.00 0.00 0.00 0.01 0.00 0.38 051 0.27 0.38
. Coeff. 0317 0.14* | =025"% 0.03 —0.05 034 039" _032°% 029"
Residential p-value 0.00 0.03 0.00 0.27 0.38 0.00 0.00 0.00 0.00
Coeff. 028" 0.01 —0.16* | 032** 008 —0.12*  —020® —016* —0.15*
Parcel p-value 0.00 0.19 0.03 0.00 0.41 0.03 0.01 0.03 0.03

*** p-value < 0.00, ** p-value < 0.05, * p-value < 0.10.

Physical resilience has the highest association with different types of density. This
value is differentiated between —0.28 at parcel density to —0.48 at population density. The
most evident result of this analysis is the negative correlation between physical resilience
and population density. In other words, places with higher population densities have
lower physical resilience. Except for number of units smaller than 50 m?, which are more
common in apartments in low-density developments, other physical resilience indicators
are negatively associated with population density. The same results could be found in
residential density that the correlation is negative, even with a low significance level.
Worthy of mentioning that availability of utilities and sanitary spaces is highly associated
with BAR.

7. Discussion

Urban resilience and sustainable development, as two main urban development
paradigms, have gained much currency in planning research and practice [69]. However,
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due to the complexity of urban dynamics and stakeholders affecting urbanization, all goals
are not achievable. Moreover, sustainability and resilience goals might not be thoroughly
aligned [11]. Striking a balance between resilience and sustainability is a goal that plan-
ners and practitioners are seeking [12]. Densification as a component of compact urban
development has been controversial regarding its urban resilience principles. This research
scrutinizes different urban resilience and densification aspects to understand the association
between these two planning approaches.

Urban resilience analysis, as discussed in Section 2, should be based on the target and
the hazard that threatens the community. However, urban development planning needs a
comprehensive perspective to reach sustainability. Therefore, focusing on one aspect of
urban resilience and emphasizing a specific disturbance might result in the underestimation
of other aspects. This is why urban resilience indexes have been developed in the last
decade to cover different threats and disruptions. Following Joerin et al. (2014) [23], Sharifi
(2016) [22], Sua’'rez et al. (2016) [24], and Zhang et al. (2020) [25], we developed an
urban resilience framework. Considering data availability, four dimensions of urban
resilience, including ecological, social, economic, and physical variables, are covered. Our
analysis showed that urban resilience analysis is highly sensitive to the indicators and the
available data. In other words, urban resilience should be judged deliberately, not only by
a cumulative index. Specifically, Table 4 shows that the spatial distribution of individual
indicators might be different from the combination of all variables. Moreover, the result of
the clustering analysis of urban resilience in four main dimensions indicated that they are
by nature different and cumulatively combining them might be misleading. Moreover, our
cross-sectional study revealed that urban resilience variables are spatially heterogeneous
and should be considered. The result showed that the concentration of high and low urban
resilience in different dimensions differs in our case study. So, the same policy should not
be proposed for all aspects of urban resilience and all city areas.

Indicators applied in this research are parallel to the main attributes detected by Cutter
(2016) [70] as the most common areas for analyzing urban resilience. The contradiction
between different indicators of resilience in various dimensions is an avoidable problem
that is also emphasized by Feldmeyer et al., 2019 [4]. For example, paved surfaces are
considered open spaces necessary during disasters. Still, these spaces might contribute
to a higher surface temperature level, a negative aspect of ecological resilience [21,69].
Another example is that overcrowding (higher number of family members or multifamily
households), which has a negative effect during pandemics, increases social solidarity
and cohesion [50]. From another perspective, some of the resilience indicators might be
problematic if another indicator applies. For example, the immigrant population’s share
is not a vulnerability index. Still, immigrants may be socially vulnerable during a crisis if
they are not integrated into the community or do not have social interactions.

On the other hand, this research’s densification analysis has scrutinized different
variables (see 6). The effect of density on various aspects of urban life and urban resilience
has been conducted in the literature. However, as discussed in Section 6.2, densification
as an element of compact development policy has different meanings and variables that
make a difference in urban dynamics analysis. Our analysis empirically showed that the
distribution of densification variables throughout the city is homogeneous and might have a
low level of correlation. BAR is entirely different from other forms of density representation.
This variable has a different sign of correlation with four dimensions of urban resilience
compared to population, residential, and parcel density correlation.

However, previous studies mainly emphasized population density, as this variable is
more applicable at higher scales, such as county and state levels. Hamidi et al. (2020) [45]
and Wong and Li (2020) [46] employed population density as an influential factor of
urban resilience to COVID-19 spread and mortality. Specifically, Wong and Li (2020) [46]
found that the congestion of vulnerable populations in urban areas increases mortality and
hospitalization. Meanwhile, Teller (2021b) [71] found no consensus on this effect, but cities
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should implement a densification policy in light of the vulnerability approach to reach
more adaptive states.

Compact development policy has been one of the most common forms of development
that have gained attention from various perspectives by researchers and practitioners.
However, making cities denser is not a win-win policy for all residents and communities’
benefit [72,73]. While the effect of densification on different aspects of urban life and
functions has been proved, there is no consensus on the effect of densification on urban
resilience principles and factors. However, as Teller (2021a) [4] discussed, the cumulative
effects of densification will negatively affect urban resilience. Our analysis showed negative
correlations in various aspects of urban resilience, specifically social and physical. This
study has not investigated the causality effects of density on urban resilience variables,
but a critical issue should be emphasized. Making cities denser is not a sustainable policy;
it should complement other aspects of a compact city. For example, densification should
not cause low open and green spaces. Moreover, densification through renovation and
regeneration processes will cause gentrification and social change of neighborhoods, which
is a negative aspect of social resilience.

8. Concluding Remarks and Policy Implications

The aim of this research was twofold: to analyze these densification and urban re-
silience indicators cross-sectionally and understand how different variables of density and
resilience are interrelated. We have made an urban resilience framework in four dimensions
(ecological, social, economic, and physical) based on the literature and data availability and
employed them in the case of Shiraz. On the other hand, densification as a component of
compact city development policy is scrutinized methodologically and practically in the
case of Shiraz. In the final stage, the associations between these two areas, urban resilience
and densification, are analyzed to understand how different aspects of urban resilience are
interconnected with different measures of density in the case of Shiraz. A lack of access
to relevant data highly limited this research. However, our applied indicators in the case
of Shiraz showed that ecological, social, economic, and physical resilience have different
patterns in the case of Shiraz. In other words, while some zones have a high level of
ecological resilience, they may have low social resilience. In terms of densification, our
findings also showed that this phenomenon should be defined based on the research target.
Population, residential, and parcel density and BAR have different distribution and concen-
tration patterns in the case of Shiraz. This research showed that urban resilience variables
are associated with different aspects of density to varying degrees. So, to understand how
densification might affect urban resilience, deliberate analysis of urban resilience indicators
is necessary. Moreover, while compact development and density are interchangeably used
in the literature, our analysis showed that even densification has different meanings and
the generalization of this concept should be avoided.

While density seems to be a critical issue in reaching urban resilience, the empirical
analysis in this research does not support this general idea [7]. However, social and physical
resilience are the areas of urban resilience dimensions that have a stronger relationship with
density variables. Nevertheless, we had some major limitations that could be addressed in
future studies. First, this analysis did not consider the importance (or weight) of different
types of density and urban resilience indicators. We recommend future studies construct
a weight matrix to address the relative importance of variables. Second, the indicators
used here, as discussed in the methods section, might overlap or conflict with each other.
Therefore, we recommend a cross-section of analysis to understand the impact of indicators
on each other. Third, due to the lack of available data, this research has analyzed this
relationship cross-sectionally. Future studies could use the current framework to make a
more robust spatiotemporal analysis of densification and urban resilience using spatial
and time-series data. Fourth, this research was based on correlation analysis, not causality.
Some of the significant and strong correlation coefficients might be by chance or coincidence.
Therefore, future research can be based on the cause—effect analysis of changes in density
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and their effect on different aspects of urban resilience. Finally, the comparative study of
density and urban resilience in different contexts could be very informative and greatly
contribute to the literature. From a policy perspective, compactness and densification are
sensitive policies that should complement other policies such as mixed land use, social
diversity, accessibility to services, and green spaces. Moreover, urban resilience goals and
principles as an emerging approach should be aligned with sustainability goals, as each
policy has winners and losers.
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