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Abstract: This study aimed to develop a balanced-based assessment framework to evaluate the
effectiveness of Neighborhood Development Offices’ (NDOs) actions in improving the resilience of
Tehran’s deteriorated neighborhoods against the COVID-19 pandemic. For this purpose, considering
the main missions of NDOs, 20 indicators were extracted from the literature and delivered to the
offices and residents of target neighborhoods to prioritize them. Next, using a combination of
the K-means clustering method and the balance-based conceptual model, the degree of balance
between the measures taken by NDOs and residents’ needs in each neighborhood was determined.
Finally, short-term actions (such as teaching health protocols, providing neighborhood services, and
providing walking and cycling infrastructures) and long-term actions (developing public spaces,
facilitating access to healthcare, and reducing social inequality) are suggested, which simultaneously
promote balanced resilience against the COVID-19 pandemic and possible future pandemics in all
aspects of NDOs’ missions. The framework presented in this research can also be used to evaluate
and boost the resilience of other deteriorated neighborhoods with similar conditions.

Keywords: balanced resilience; deteriorated neighborhoods; Neighborhood Development Offices
(NDOs); COVID-19 pandemic; Tehran

1. Introduction

Across the globe, and especially in the large cities and metropolitan areas of Iran,
the COVID-19 pandemic has severely impacted racial and ethnic minorities, the elderly,
disadvantaged households, healthcare workers and facilities, and urban management
procedures in general [1,2]. Up until the outbreak of the virus, the fragility of the concepts of
“Globalization” and the “Global Village” in times of global crisis, like the recent pandemic,
had not been understood to this extent [3]. In fact, not only has the recent pandemic
exposed the vulnerability of cities to widespread and unpredictable infectious diseases, it
also highlighted the need for a paradigm shift in current urban management procedures
to develop more resilient cities, especially pandemic-resilient cities and societies [4]. In
more than two years tackling COVID-19, it became evident that implementing the same
tactics and actions in all cities around the globe had far less impact on addressing the
critical conditions caused by the pandemic than taking local actions and meeting local
needs [5]. Thus, one of the crucial aspects that need to be reconsidered in this paradigm
shift is the role and influence of local institutions in managing and controlling crises such
as pandemics [6]. The more the local institutions that are in direct contact with the citizens
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have a proper understanding of the local condition, the decision-making power, and the
budget and authority to implement the necessary measures promptly, the less the citizens’
lives are affected by the adverse effects of such crises [6,7].

As we can see in the literature review section, although local institutions took steps
to manage and control the recent pandemic in several cities and countries, few studies
assessed their effectiveness in improving the resilience of local communities to the COVID-
19 pandemic. To address this gap, this research presents a resilience evaluation and
promotion framework that can be utilized by other cities with similar urban areas and
local institutions. Using the U.S National Research Council definition of resilience [8],
this paper considers resilience as the ability to prepare and plan for, absorb, recover from,
and more successfully, adapt to the adverse impacts of the COVID-19 pandemic. The
developed framework was used to evaluate the impact of the NDOs’ actions in improving
the resilience of Tehran’s deteriorated neighborhoods against the recent pandemic. Tehran
has 196 neighborhoods with at least one deteriorated urban block, 65% of which are
concentrated in 56 neighborhoods in the center and southern parts of the city [9]. Based on
the Supreme Council of Urban Planning and Architecture of Iran’s index, a deteriorated
block is a block in which the majority of parcels are unstable, impermeable (accessible from
paths with a width of less than 6 m), and are less than 200 m2 in area [10]. Aside from these
physical indicators, Tehran’s deteriorated neighborhoods face far greater economic, social,
and environmental problems than other parts of the city [9].

After it became clear that Tehran’s comprehensive and detailed plans, which mainly
emphasized the physical aspects and neglected the other dimensions, were ineffective in
renovating deteriorated areas, the city management decided to start a collaborative and
interactive renovation approach based on direct participation with local residents [9]. To
accelerate and facilitate the renewal and rehabilitation of deteriorated urban areas through
this bottom-up planning approach, NDOs were established by Tehran Municipality Urban
Renewal Organization and have worked in deteriorated neighborhoods for over two
decades [11]. During the recent pandemic, NDOs continued their main missions, including
physical, environmental, and socioeconomic interventions to organize the conditions of
these neighborhoods. Moreover, due to their close connection with local communities
and their knowledge of the deficiencies and priorities within deteriorated neighborhoods,
these offices have taken some measures to improve residents’ quality of life and reduce
COVID-19’s adverse effects since the outbreak began.

In the following sections, using 20 assessment indicators derived from the related
literature and NDOs’ descriptions of services, we first evaluated the extent to which the
actions of NDOs during the pandemic aligned with the needs of target neighborhoods.
Then, NDOs with similar performances were classified into three clusters, and, based on the
most imbalanced indicators in each cluster, short-term action priorities were determined to
increase the resilience of neighborhoods against the current pandemic. In addition, using
the Balance Indicator Circles (BICs), the priority of long-term actions was determined for
each office so that balanced resilience improvements against possible future pandemics
could be planned for their respective neighborhoods. Analyzing the responses to the recent
pandemic and the role of local institutions like Tehran’s NDOs makes it possible for other
cities to increase knowledge concerning urban pandemic resilience. This could also offer
insights on how to deal with likely future pandemics and provide strategies to reduce the
effects of pandemics on various aspects of citizens’ lives. The proposed framework can
both be used to evaluate and promote the resilience of deteriorated urban neighborhoods
against pandemics and against other crises in cities with similar urban areas.

2. Literature Review

From the beginning of the recent outbreak, some studies have examined how urban
governance procedures and capacities affect spread patterns, control, prevention, and crisis
management strategies related to the COVID-19 pandemic [12,13]. Research on COVID-19
patterns in 276 Chinese cities showed that the urban governance capacity is a determining
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factor in preventing and controlling the consequences of the recent pandemic due to the
difference it makes to economic and social resilience against crises [14]. There are also
studies that introduced assessment frameworks to evaluate the effectiveness of defined
goals and measures to enhance resilience to COVID-19 [15,16]. For instance, Lak et al. [17]
developed a 27-indicator framework with physical, infrastructural, socioeconomic, and
environmental aspects. Evaluating this framework in Tehran’s neighborhoods showed a
negative correlation between the resilience degree of each neighborhood and the cumulative
number of infected cases. Shi et al. [18] conducted a similar study in Wuhan, China, and
identified the key elements concerning residents’ reactions to the pandemic. They proposed
a framework to assess the capacities of communities to alleviate the adverse effects of the
recent pandemic. By surveying 26 high-risk and 14 low-risk communities, they classified
the concept of resilience assessment as spatial, economic, social, and governance.

Moreover, through the lens of urban resilience, a group of studies calls for the accen-
tuation of the multilevel governance settings in planning inclusive policies and actions
at the local level [19]. Counter to metropolitan-wide regional governance trends in the
latter half of the 20th century, some researchers suggested that many public goods are best
provided at the local level due to a better understanding of local needs [6]. Additionally,
some scholars and practitioners have suggested that taking local measures to boost urban
resilience, whether regarded as mitigation or adaptation, may increase public support for
local actions [20]. Therefore, to take advantage of such local capacities, several national,
regional, and local governments in member countries of the Organization for Economic
Co-operation and Development (OECD) have delegated part of their responsibilities to
local development agencies that are supervised by municipalities and/or city councils [21].
Through citizen self-organization and close communication with local communities, these
agencies have played a facilitator role in a bottom-up development process based on local
needs [22]. In fact, these local institutions have become key components of urban resilience
by identifying, prioritizing, and implementing sustainable development measures and
modifying them to meet the ever-changing needs of local residents [23].

Following the recent COVID-19 pandemic, different cities have utilized the capacities
of local institutions to improve citizen resilience [24,25]. For instance, the cooperation
of 187 local institutions associated with municipalities during the COVID-19 pandemic
in England proved that the participation of local institutions resulted in a higher quality
of service provision compared with independent and centralized models [25]. It is also
evident from the comparison of measures taken by local institutions in the Netherlands
and England that, in low-income neighborhoods, effective interaction and collective partici-
pation constitute the core of resilience promotion; because communicating with vulnerable
groups leads to a better understanding of their experiences, needs, and problems, and
provides an opportunity to implement citizens’ mental and physical health promotion
programs. Additionally, through activities based on local communities, like improving
public spaces, primary care, and social support, and creating effective, structured, and
mutual communication with residents, the sense of belonging and social capital improves,
and the community’s preparedness to deal with the after-effects of the COVID-19 pandemic
and similar crises in the future is enhanced [26]. For instance, a study on the performance of
20 local agencies in the United States during the pandemic and social distancing shows that
these agencies were able to maintain interactions with residents (that used to be face-to-face
before the pandemic) virtually. In other words, the social capital gained by these local-scale
agencies helped them supervise and improve local people’s mental and physical health
during the crisis [27]. Finally, in India, local institutions—as facilitators and mediators
between local communities, healthcare authorities, and urban managers—managed to
significantly control the spread of the disease at the local level. They gathered the required
data to determine the feasibility of the necessary measures to reduce the risk of the virus
spreading in the first step and then implemented these measures by setting up different
care zones in the middle of the neighborhoods [28].
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The reviewed studies and experiences show that local institutions utilized a variety
of local-level measures, such as empowerment, the use of smart technologies, facilitating
inter-sectoral management, maintaining and promoting social capital, and neighborhood
development, to manage the critical condition of the pandemic. Moreover, different prac-
tices reveal that, due to the scale of their performance and immediate interaction with the
local community, local institutions can and should play a critical role in the explicit recogni-
tion of the needs and problems of each neighborhood based on their specific conditions and
characteristics. Hence, it can be argued that COVID-19 highlighted the need for a paradigm
shift from top-down thinking and planning to local planning, as the pandemic showed that
conventional approaches cannot enhance or even maintain cities’ resilience when they are
exposed to a widespread and unpredictable infectious disease.

3. Study Area

As shown in Figure 1, the study areas in this research are Tehran’s deteriorated neigh-
borhoods, which have their own renewal and regeneration programs that are under the
supervision of 38 active NDOs. Tehran, the capital city of Iran, is divided into 22 districts
(the largest level of urban subdivisions) and 353 neighborhoods (the smallest level of urban
subdivisions). Currently, 4427 hectares of Tehran’s total area are considered to be deterio-
rated areas. These are located in 213 neighborhoods and include almost 30% of Tehran’s
urban blocks. Although these areas make up 7% of Tehran’s total area, they are home to
20% of its population and are mostly located in the central and southern parts of the city [29].
In comparison with other neighborhoods, the deteriorated neighborhoods of this city have
always dealt with a deeper level of physical, economic, social, and environmental problems.
For instance, a threefold higher population density and one-quarter fewer urban services
per capita than the city average, low-income and disadvantaged residents, a high rate of
poverty and social anomalies, and a variety of environmental issues are among the main
characteristics of these neighborhoods [10,11,30]. These multidimensional problems show
that deteriorated neighborhoods cannot be enhanced automatically and spontaneously
and cannot exit the decline stage of their life cycle without external intervention. There-
fore, Tehran Municipality, as the primary custodian of renovating these neighborhoods,
adopted an integrated intervention-based approach by considering physical, functional,
social, economic, environmental, legal, and managerial aspects [9].
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In 2007, Tehran Municipality and its renewal organization shifted their approach to
participatory and bottom-up urban development by establishing NDOs in deteriorated
neighborhoods [11]. These offices started their work by familiarizing the residents with
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urban plans and then took on the role of facilitator agents to accelerate the implementation
of renewal and regeneration projects in the target areas. Since 2013, due to the positive
results of NDOs’ activities, these offices have developed Neighborhood Development Plans
(NDPs) based on each neighborhood’s unique priorities, weaknesses, and strengths with
the participation of neighborhood residents, city managers, and other organizations and
stakeholders [9].

As a result of the COVID-19 outbreak, NDOs came up against serious challenges, so
their renewal programs and the NDPs’ progress slowed or even stopped during this period.
Moreover, as mentioned earlier, these neighborhoods and their residents were already
struggling with complex physical, economic, social, health, and environmental issues
before COVID-19. These problems were exacerbated due to a series of new challenges
brought about by the pandemic. To address these challenges, NDOs that had been actively
involved in the regeneration process of these neighborhoods for years and were well aware
of the challenges and necessities of each neighborhood defined new activities under their
main missions during this period and took some measures to increase the neighborhood’s
resilience against the pandemic. In the following sections, we discuss how NDOs’ action
priorities align with the actual needs and priorities of people living in the study area.

4. Materials and Methods

A five-step methodology was outlined for measuring the effectiveness of NDOs’ ac-
tions in improving the target neighborhoods’ resilience during the pandemic (Figure 2). In
the first step, a literature review was conducted, and environmental, social, economic, urban
management, and urban services and infrastructure were identified as the five most com-
monly used factors in evaluating urban resilience against the COVID-19 pandemic [31–34].
Integrating these factors with the main missions of NDOs resulted in four assessment
components: (1) Improving the quality of life in residential units; (2) social empowerment;
(3) economic empowerment; and (4) providing local services and improving public spaces.
Then, to analyze the compliance of NDOs’ action priorities with those of people living
in deteriorated neighborhoods, 20 assessment indicators were derived from the related
literature and NDOs’ descriptions of services (Table 1). It is worth mentioning that, initially,
27 indicators were extracted from the literature. Two steps were then taken to validate these
indicators. A comparison of the indicators and the NDOs’ descriptions of services was
conducted, which was followed by a focus group meeting with the NDO managers. The
validation process excluded seven indicators unrelated to NDOs’ descriptions of services,
about which most offices had not taken any special action.
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Table 1. Evaluation components and indicators.

The Main Mission
of Offices

(Components)
Label Indicators References

Improving the
quality of life in
residential units

A001
B001

Providing technical and engineering consulting services to facilitate
demolition and renewal in deteriorated areas to produce new

residential units.
[31]

A002
B002

Providing technical and engineering consulting services in order to
improve and adjust existing residential units in the neighborhood

based on the conditions of the pandemic.
[34]

A003
B003

promoting mental and physical health of the residents and making the
long-term stay at home tolerable through adapting

architectural creativity.
[32,34,35]

A004
B004

Improving the level of personal and environmental health in
residential units. [34,36]

Social empowerment

A005
B005

Using the ICT capacity to maintain residents’ participation in
decision-making and promoting social capital and a sense of belonging

to the neighborhood.
[4,26,33,37–39]

A006
B006

Facilitating and speeding up the administrative processes of land
assembly and the renewal process. [31]

A007
B007

Teaching health protocols, tracking the condition of the infected, and
controlling the spread of the virus in the neighborhood. [1,40]

A008
B008

Providing psychological counseling services and helping to maintain
the mental health of neighborhood residents during the pandemic. [1,34,35]

A009
B009

Helping to reduce social inequalities and supporting vulnerable groups
living in the neighborhood. [1,33,36,41–44]

Economic
empowerment

A010
B010

Distributing healthcare and medical products and facilitating free or
low-cost access to medical services for the poor in the neighborhood. [1,34]

A011
B011

Interaction with owners and benefactors to obtain financial support
and provide housing allowances for tenants of households affected by

the pandemic.
[33,34]

A012
B012

Interaction with donors and obtaining financial support to meet the
needs related to the livelihood of households affected by the pandemic. [1,26,45]

A013
B013

Creating new job opportunities and supporting existing
local businesses. [33,34,46]

A014
B014

Interaction with banks, government, and developers to reduce the cost
of renewal, rehabilitation, and adaptation of residential units through

financial and nonfinancial aids.
[26]

Providing local
services and

improving public
spaces

A015
B015 Maintaining and improving public transportation infrastructures. [31,43,44,47]

A016
B016

Providing the necessary infrastructure to promote walking and cycling
in the neighborhood. [32–34,43,48,49]

A017
B017

Developing and equipping green and open spaces in the neighborhood
for multipurpose uses during the pandemic. [32,33,49–51]

A018
B018

Planning to provide and improve basic neighborhood services
(groceries, education, sport facilities, etc.). [32,49,52,53]

A019
B019

Improving the medical services and infrastructure related to public
health at the neighborhood level. [1,3,33,34]

A020
B020 Improvement and beautification of public spaces in the neighborhood. [31,49,52]
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In the second step, all 38 NDOs were provided with structured worksheets containing
the assessment components and indicators. Each NDO was asked to describe its actions
related to each indicator and rank each indicator very low, low, moderate, high, or very
high in terms of the action priorities defined for the neighborhood/neighborhoods it
supports. A total of 24 NDOs participated in this study, and the rest declined to contribute
for unspecified reasons. Thus, 14 of the 38 NDOs and the neighborhoods under their
supervision were excluded from the evaluation procedure. After collecting the worksheets
completed by 24 NDOs, each NDO’s actions under each component and indicator were
determined, and the final score of each indicator was calculated based on the NDO’s
viewpoint. Then, to prioritize the citizens’ demands during the COVID-19 pandemic,
the 20 indicators were converted into 20 questions (answers in a Likert scale format)
and 24 NDOs randomly distributed the online and in-person questionnaires among the
residents living in the neighborhood/neighborhoods supervised by them. Considering
that the target neighborhoods differ in population and range between 10,000 and 50,000,
according to Cochran’s formula [54], each NDO collected 385 questionnaires from residents
of its supported neighborhood/neighborhoods. The questionnaires asked citizens to rank
each indicator from very low, low, moderate, high, and very high in terms of its importance
in improving the resilience of their family and/or neighborhood against COVID-19. Then,
the priorities assigned to each indicator were converted into a final score of indicators for
each neighborhood.

In the third step, the concept of a balanced-based model was used to compare residents’
priorities with those of NDOs in each neighborhood. This model was first developed
in [55], as part of the theory of “balanced neighborhood-based renewal in deteriorated
areas of Tehran”. Through quantitative calculations and a graphic representation of the
balance indicator in this model, it was possible to determine how balanced the renewal
of a deteriorated neighborhood was and what measures should be prioritized to improve
that neighborhood’s balance in all aspects of physical, economic, social, and environmental
renewal [55]. In this study, this model was based on the balance between each indicator’s
dichotomies (one side demonstrates the action priority of NDOs and the other shows
residents’ priority regarding each indicator), so that improvement of the whole system
status depends on prioritizing all the indicators together and in a balanced manner. These
dichotomies are the fundamental elements of the conceptual model.

To better understand this conceptual model, take an indicator dichotomy that examines
the balance between housing and service provision as an example (the value of each side of
dichotomies is a number between 0 and 1). If the value of housing renewal is 0.7 (one side
of the dichotomy) and the value of urban services development is 0.2 (the other side of
the dichotomy), the balance ratio (the proportion of smaller value to the greater one) will
be 0.285. The calculated balance ratio shows that the same attention paid to the housing
renewal of deteriorated urban areas was not paid to the development of urban services,
which demonstrates a housing-service dichotomy imbalance in the neighborhood. In this
example, if the value of urban service development increases from 0.2 to 0.5, the balance
ratio will increase from 0.285 to 0.714, which means the housing and services development
in this neighborhood is more balanced compared to the first condition. In this study, and
for each indicator, its “priority in the measures defined by NDOs” and its “priority for
the residents of deteriorated neighborhoods” in the pandemic period were considered
as 20 dichotomies of the balanced-base model. Based on the priorities assigned to each
indicator by the NDOs and residents of target neighborhoods, the balance ratio of each
indicator was calculated. In the fourth step, the cluster analysis method was used to cluster
NDOs based on their actions during the pandemic. First, the optimal number of clusters
was determined using the hierarchical cluster analysis method. Then, using the K-means
clustering method, NDOs were clustered based on their calculated balance ratio. To better
understand the performance of the 24 NDOs, using the Z-score method, the calculated
balance ratios were standardized so that the K-means clustering analysis method would
provide more accurate results. Based on the hierarchical cluster analysis method, three
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clusters were determined to be the optimal number of clusters for the K-means method,
and neighborhoods and their supporting NDOs were classified into these three clusters.

In the fifth step, to evaluate the balance between the NDOs’ action priorities and the
residents’ needs, a unit circle was drawn, and for each indicator, on two aligned radii with
the length of 1, two line segments (the lengths of which were equal to calculated score
of each indicator in Equation (1)), called OAn and OBn, were drawn from the center of
the circle (O) to form an An-Bn segment on a diameter dedicated to each indicator. Each
diameter represents one of the 20 evaluation indicators and its related dichotomy. One side
of each indicator dichotomy was assigned to residents’ priorities (segments labeled OA001
to OA020); on the other side, the action priorities of NDOs were placed (segments labeled
OB001 to OB020). Conventionally, to achieve the maximum deviation of the centroid
from the center, indicators with the highest score (whether this score was given to that
indicator by the NDO or by the residents) come first in the arrangement (from the first
to the fourth quadrant of the unit circle). In Figure 3, all the segments on the diameters
related to each indicator dichotomy are rotated counterclockwise from the highest score
to the lowest, with a 9-degree angle between two subsequent diameters. In the case of an
equal score for two or more indicators, the indicator with a lower balance ratio was drawn
first. Therefore, as we move from the first quadrant to the second one, the priority given to
the indicators decreases, and finally, by completion of the first and second quadrants for
each of the 20 indicators, segments on the third and fourth quadrants have been already
drawn with the other half of each indicator diameter in first and second quadrants, and the
dichotomies of each indicator are completed. Finally, the surface resulting from connecting
the endpoints of score segments on each 40-unit radii of the circle finds the greatest amount
of deviation from the center of the circle to provide a better understanding of the level of
balance/imbalance in NDOs’ performance.
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the deviation of the centroid from the center of circle; G’: the diametrical point of G with respect to O.

Inside the Balance Indicator Circle (BIC), a 40-sided geometric surface is formed by
connecting the vertex of the score segments. The deviation of the geometric center of this
surface (G) from the center of the circle (O) indicates how well NDOs’ actions matched
the needs of the residents during the COVID-19 pandemic. This geometric shape serves
as a tool for observing, visualizing, and analyzing the imbalance between the actions of
NDOs and the needs of residents in each neighborhood. All the indicators should be
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examined individually and should also be analyzed to check the balance/imbalance among
all indicators. If point G corresponds exactly to the center of the BIC (O), and if the scores
of each indicator (from both NDOs and residents) are at their maximum level, i.e., equal
to 1, the 40-sided surface completely matches the BIC (ideal condition). This means that
a full balanced condition is achieved because a full circle illustrates the complete balance
between people’s priorities and the NDO’s actions during the pandemic. In contrast, the
greater the distance between the centroid of this surface (point G) and the center of the
BIC (point O), the greater the imbalance between the actions of the offices and the needs
of the residents. To maintain or step towards balance in this 40-sided surface, indicators
near the symmetrical point of G to O (point G’) are action priorities. In other words, these
indicators are the underlying reasons for imbalance and by balancing them in the long
term, the length of the GG’ line segment will become smaller and smaller, the centroid of
the formed surface will become closer to the center of the BIC, and as a result, the existing
imbalance will be eliminated.

5. Results and Discussion
5.1. K-Means Clustering Results

As explained in the previous section, NDOs’ action priorities and residents’ priorities
during the COVID-19 pandemic were considered as two aspects of a balance-based model.
To evaluate the compliance of these two aspects, in the first step, the standardized balance
ratio calculated for each of the 20 indicators and 24 NDOs was used to conduct a K-means
clustering analysis. Figure 4 shows the clustering results and the distribution of target
neighborhoods in three clusters. This figure indicates that neighborhoods in the same
cluster are most similar to one another and relatively different from neighborhoods in the
other two clusters when it comes to the balance/imbalance of the NDOs’ actions with
residents’ needs. It is evident from the clustering shown in Figure 4 that the issue raised in
the Introduction must be addressed at the local scale and that adopting holistic approaches
and prescribing a single solution to improve the resilience of different neighborhoods
must be avoided. A prime example of this argument can be found in the central district
of Tehran (District 12), where adjacent neighborhoods supported by different NDOs (O8,
O16, O20, and O21) were placed in different clusters. In light of this issue, it can be
argued that, although these neighborhoods are all located in the same urban district,
each neighborhood’s residents had different priorities during the pandemic period, and
each neighborhood’s NDO prioritized actions differently from the priorities set by other
neighborhoods in the vicinity. Therefore, it is imperative to know each neighborhood’s
strengths and weaknesses and understand its residents’ needs before planning and taking
action during various crises, such as the recent pandemic. Figure 4 also shows this situation.
For example, neighborhoods supported by NDOs O11, O12, O9, and O3, which are adjacent
to each other, belong to the first cluster. Based on K-means clustering logic, it is possible to
infer that they have a homogenous pattern of balance/imbalance, although the individual
status of some indicators is very different among these neighborhoods. Thus, a BIC should
be drawn for each of the 24 NDOs so that the balance/imbalance status of individual
indicators can be understood and compared, which is discussed in the next section.

A bar chart is shown in Figure 5 to better explain the results of K-means clustering.
According to this figure, if the standardized value of the indicators tends to negative
numbers, there is a considerable imbalance between the actions prioritized by the NDOs
and residents within that cluster, and if it tends to positive values, there is a relative balance
regarding each specific indicator. For NDOs located in the first cluster, it can be argued that
the value of standardized indicators A001-B001 to A011-B011 (except indicators A002-B002
and A006-B006) tended to −1, which signifies an imbalance between the priority of the
NDOs’ actions and that of the residents regarding these nine indicators. In the second half
of the first cluster, the standardized values of indicators A014-B014 to A020-B020 tended
towards +1, indicating a relative balance between actions and residents regarding these
seven indicators. The second cluster is almost the opposite of the first, with a high balance
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between NDOs’ priorities and residents’ priorities for indicators A002-B002 to A011-B011
and indicators A012-B012 to A020-B020 (except indicator A014-B014). This analysis and
interpretation can also be made for the balance/imbalance between the actions of the
development offices and the priorities of the residents in the third cluster.
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The cluster analysis results provide the NDOs with important information about how
to address the weaknesses and fundamental imbalances between the offices’ priorities
and residents’ priorities in each neighborhood, considering that the COVID-19 pandemic
has not yet passed and may recur. In fact, the offices in each cluster are now aware of
the indicators that require serious and urgent intervention and action to improve their
neighborhoods’ resilience in the short term. In other words, NDOs in each cluster should
prioritize the indicator or indicators that demonstrate the most imbalance based on Figure 5,
and in each cluster, the indicators with the closest standardized value to −2 should be
the priorities for the offices belonging to that cluster. The most balanced and imbalanced
indicators within each cluster are shown in Figure 5 and Table 2, and the short-term action
priorities of the offices belonging to each cluster are also suggested in Table 2.

Table 2. Prioritized short-term actions for the neighborhoods of each cluster.

Clusters NDOs

Name of
Neighborhoods

Supported by Each
Local Office

Three Most
Imbalanced
Indicators

in Each
Cluster

Three Most
Balanced
Indicators

in Each
Cluster

Prioritized Short-Term Actions

Cluster 1

O1 Imam-zade Abdollah,
Shamshiri, Moein

A007-B007
A004-B004
A003-B003

A017-B017
A020-B020
A018-B018

1. Organizing and implementing online panels to
teach health protocols, monitor the conditions of
the infected, and control the spread of the virus;

2. Maintaining safe and reliable water, sanitation,
and hygiene, and improving sanitary conditions in

kitchens, bathrooms, and toilets, and ensuring
adequate air conditioning in residential units to

reduce infection risks;
3. Responding to social distancing by converting

housing units into more flexible,
multifunctional spaces;

O2
Imam Khomeini,

Beryanak, Salsabil,
Haft chenar

O3
Javadieh 1, Sarasiab

doolab, Shiva,
Shokoofeh

O4 Baharan, Kan

O5 ZargSadr, Hasanabad,
Zargandeh

O6
Safaeeieh,

Javanmard-e-ghasab,
Mansoorieh

O7 Dolatabad

O8 Harandi

O9 Dehghan, Nezamabad,
Shahed

O10 Javadieh 1, Naziabad

O11 Vahidieh, Taslihat,
Narmak

O12 Safa, Asadi, Zahed
Gilani

Cluster 2

O13 Golshan, Javadieh 1

A018-B018
A013-B013
A020-B020

A011-B011
A004-B004
A010-B010

1. Improving neighborhood services to reduce
inner-city travel and the possibility of

virus transmission;
2. Providing new job opportunities and attracting

support for existing local businesses through
inter-institutional cooperation;

3. Incorporating small-scale participatory actions
within the neighborhood to improve and beautify

it, based on NDOs’ knowledge of the
neighborhood’s needs and residents’ abilities.

O14 Mibanbi

O15 Sartakht, Estakhr,
Taghiabad

O16 Sirus, Imam-zade
Yahya, Arg, Pamenar

O17 Shemiranno

O18 Valiasr
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Table 2. Cont.

Clusters NDOs

Name of
Neighborhoods

Supported by Each
Local Office

Three Most
Imbalanced
Indicators

in Each
Cluster

Three Most
Balanced
Indicators

in Each
Cluster

Prioritized Short-Term Actions

Cluster 3

O19 Shush, Mazaheri,
Motahari

A016-B016
A006-B006
A011-B011

A007-B007
A015-B015
A013-B013

1. Designing pedestrian-friendly neighborhoods
and implementing cultural and infrastructure

initiatives to promote walking and cycling;
2. Utilizing the expert and technical capacity of
NDOs to facilitate and accelerate the renewal

process of deteriorated buildings;
3. Supporting households affected by the

pandemic through direct and indirect financial
and nonfinancial assistant.

O20 Ghiam, Kosar

O21 Ferdowsi, Baharestan

O22 Gheytarieh, Chizar,
Tajrish, Darabad

O23 Bagh-e-Azari

O24
Vardavard,

Khalij-e-fars,
Nowruzabad

1 The name of the Javadieh neighborhood is mentioned three times in the table because there are three neighbor-
hoods with this same name in Tehran; these are under the supervision of three different NDOs.

It is important to mention that the status of indicators in each cluster in Figure 5 is
not necessarily representative of the status of that indicator for all NDOs located in that
cluster; the average values of all offices for that indicator are calculated and displayed
on the graph. In one cluster, a gross imbalance between the actions of the offices and the
needs of the residents can be seen, while in two other clusters, a slight imbalance or even a
relative balance can be observed. In addition, a cluster analysis cannot reveal the status of
an indicator concerning other indicators within a neighborhood. For example, from the
cluster analysis results, in all 12 neighborhoods of the first cluster, the indicator A007-B007
has the highest degree of imbalance, but the issue is how this indicator is compared in
each NDO. To fix these defects and to analyze the 24 NDOs more accurately in order to
determine the priority of actions specific to each neighborhood, and to guide all indicators
towards long-term balance, the BICs of each of the 24 NDOs should be drawn to increase
neighborhood resilience for future pandemics.

5.2. Drawing the Balance Indicator Circles (BICs) for 24 NDOs

The BICs of 24 NDOs were graphically illustrated using the method described in the
third to fifth steps of the Methodology Section (Figure 6). By connecting the vertices of seg-
ments on adjacent radii, we obtained a star-shaped geometry unique to each neighborhood.
Whenever two adjacent radii both correspond to the priority of residents, the sector formed
by connecting them is colored green, when both correspond to the priority of NDOs, the
sector formed by connecting them is colored orange, and when one radius corresponds
to the priority of offices and the other to the priority of the neighborhood residents, the
sector formed by connecting them is colored white. When the sectors in the first quadrant
of the BIC are mainly green, residents prioritized those indicators more than the NDO, and
when the sectors in the first quadrant are mainly orange, NDOs prioritized those indicators
more than residents. The performance of NDOs can be evaluated based on the sector’s
shape and color. To evaluate the performance of the offices, two specific quantities, as the
outcomes of these circles, should be compared simultaneously.
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The first quantity is the length of the line segment OG, which constitutes the distance
between the center of the circle and the centroid of the 40-sided surface formed by con-
necting the vertices of indicator segments on the circle’s radii, and the second quantity is
the total area of this surface. As mentioned in the methodology section, the greater the
deviation of point G from the center of the circle (the length of the OG line segment), the
greater the imbalance, and the closer the point G is to the center of the circle, the higher
the balance between the actions and needs. However, the length of this line segment or
the area of the geometric shape alone cannot indicate the performance of NDOs (relatively
and compared to each other). Four possible conditions can be obtained based on the status
of these two quantities: the first is the ideal one, which indicates a high level of balance
(a short OG and large area), and the second is the worst condition, which shows a high
level of imbalance (a long OG and small area). In the third case, the OG segment length is
short and the area of the geometric shape is small, implying that, despite a relatively high
balance, NDOs and residents have given low priority to virtually all the indicators’ roles in
increasing resilience against the pandemic. In such cases, both NDOs and residents should
be informed about the importance of actions related to each indicator in enhancing their
neighborhood’s resilience against future pandemics and even the current pandemic. The
fourth case occurs when the area of the formed geometric shape is high and close to the
total area of the BIC, but the OG line segment is also long. This shows that some indicators
have a considerably high priority while others have received lower priorities (either from
residents or offices). In such cases, there are some deficiencies in the performance of the
offices, and they should try to improve all indicators, specifically the neglected ones, in a
more balanced manner.

In Figure 6, among four possible conditions depending on the length of the OG line
segment and the area of the geometric shape, the NDOs with the shortest OG lengths and
the largest geometric shapes generally performed better during the recent pandemic. On
the other hand, NDOs with the longest OG and the smallest geometric shape demonstrated
a more unfavorable relative performance. For instance, NDOs O12, O10, and O11 exhibited
the most favorable performance in the first cluster, while O2 and O9 exhibited the least
favorable performance. In the second cluster, O14 and O13 exhibited the best performance
compared to other offices, and O16 and O18 exhibited the worst performance. In the third
cluster, O20 and O22 exhibited the most favorable performance, while O23 and O19 offices
exhibited the least favorable performance.

As emphasized in the previous sections, developing local action plans based on the
specific conditions of each neighborhood is the most appropriate solution to accelerate and
facilitate the process of improving the resilience of neighborhoods and cities against all
crises, including pandemics. The obtained results revealed that, in addition to measures
that should be taken to address neighborhood weaknesses and deficiencies in the short
term to ensure neighborhoods are more prepared for possible COVID-19 peaks (the actions
derived from the cluster analysis), each neighborhood should implement a long-term,
strategic action plan in order to gradually progress towards a more balanced status in all
indicators to become more resilient against possible future pandemics. It was not possible
to achieve such an action plan based on the results of the cluster analysis method, but a
BIC makes it possible to observe and analyze the situation of each NDO as a whole unit
and prioritize the necessary actions to achieve the maximum balance for each NDO. As
mentioned in the methodology section, indicators that are in the vicinity of point G’ are
action priorities. These require action in order to achieve a balance between the actions of
the offices and the needs of the residents in each neighborhood, and by moving away from
this point, the priority of actions regarding those indicators decreases.

Indicators with action priority fall into one of three categories. The first category is
concerned with the indicators that currently have a high balance, indicating that the actions
of the NDOs align with the expectations of residents, and this situation should continue
for the foreseeable future. The second category is an imbalanced condition in which the
NDO’s priority regarding a given indicator is much higher than the residents’ priority. The
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third category also represents an imbalance, but in these cases, NDO’s action priority given
to an indicator is lower than that of residents, which is precisely the opposite of the second
category. In the second and third categories, NDOs should direct the concentration of their
financial, technical, human, and executive resources to overcome these imbalances in a
multidisciplinary manner. Finally, it should be noted that the results of long-term action
priorities of each NDO extracted from the BICs do not necessarily match the short-term
actions determined by the cluster analysis method, since the primary purpose of long-term
actions is to gradually advance the whole set of indicators toward a balanced status.

5.3. The Cumulative BIC

To obtain a general view of the performance of 24 NDOs and the neighborhoods that
participated in this study, the average priority values of the indicators given by residents
of all neighborhoods and NDOs were calculated to draw the cumulative BIC (Figure 7).
As shown in Figure 7, the average total score given to the indicators by the neighborhood
residents is almost the same, and all the sectors located in the first and second quadrants of
the circle are almost the same sizes and colored green.
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According to Figure 7, it can be argued that all four components and 20 indicators
are of relatively equal importance to citizens. Moreover, the placement of green sectors in
the first and second quadrants and orange sectors in the third and fourth quarters shows
that the priority assigned by residents to all indicators is higher than the scores assigned
by NDOs. Moreover, the concentration of indicators related to improving the quality of
public areas and providing local required services in the first quarter of the circle shows
that citizens prioritized this component and its subsequent indicators. Hence, compared
to the other three components, neighborhood residents believe that actions related to this
component could have and also will have a greater impact on increasing their resilience
against pandemics.

While this paper emphasizes that each neighborhood requires its own action plan
based on its specific conditions, the proposed actions derived from the cumulative BIC
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can have some important applications. Firstly, the action priorities obtained from the
cumulative BIC should be given more attention and integrated into all levels of urban
management, including the five-year plans of Tehran Municipality and other urban devel-
opment plans. Secondly, due to similarities in physical, economic, social, and environmental
characteristics between Tehran’s deteriorated neighborhoods, these action priorities can
be applied by 14 NDOs that did not participate in this study. Nevertheless, they must
cooperate in future surveys to obtain an accurate and appropriate action plan for the
neighborhood/neighborhoods under their supervision.

Based on the cumulative BIC, the indicators B017, B010, B009, and B015 are closest
to point G’ and should be prioritized for action. Developing and equipping green and
open spaces in the neighborhood for multipurpose use during the pandemic (B017) has
been among the major responsibilities assigned to NDOs. However, obstacles such as
the high mass–space ratio, the lack of land vacancies, high land prices, and the unattrac-
tiveness of deteriorated areas for investors have delayed or even prevented its implemen-
tation in Tehran’s deteriorated neighborhoods. As elaborated by Spennemann [49] and
Marchi et al. [51], open and public green spaces can help to better manage the pandemic.
During a pandemic, residents, especially in poor-quality neighborhoods suffering a lack of
urban services, can spend hours in these spaces outside of their homes, improving their
mental and physical health. By providing such spaces in deteriorated neighborhoods and
removing the obstacles mentioned above through creative urban planning and design
practices [33], NDOs can better prepare their neighborhoods for future pandemics.

Maintaining and improving public transportation infrastructures (B015) and reducing
social inequalities and supporting vulnerable groups living in the target neighborhoods
(B009) should also be promoted by NDOs in the neighborhoods they support. During
the recent pandemic, public transportation played an imperative role in managing the
outbreak, as Liu et al. [44] and Liu et al. [43] pointed out. They argued that public trans-
portation policies during the COVID-19 pandemic disproportionately affected vulnerable
and disadvantaged groups such as the elderly, and low-income or ethnic groups. The
results obtained in this study also confirm their arguments since most residents of Tehran’s
deteriorated neighborhoods are on a low income and rely heavily on public transportation
for their daily commute. However, public transportation in these neighborhoods is not
well developed due to the physical and spatial conditions. Additionally, the inefficient
public transportation facilities in these neighborhoods and the crowding of people on
buses and subways contributed to many residents contracting the virus and spreading it
throughout the city. The obtained results revealed that, although NDOs have been active in
deteriorating neighborhoods for more than two decades, they have not been able to take
effective steps to improve the status of these two indicators, which should be given special
consideration in neighborhood development plans.

Finally, distributing healthcare and medical products and facilitating free/cheap access
to medical services (B010) was not anticipated in NDOs’ descriptions of services before
the COVID-19 pandemic. However, the recent pandemic showed that the availability and
accessibility of resources, particularly healthcare facilities, are essential components for a so-
ciety to survive, recover, and adapt to such a disastrous event [1]. As emphasized by Wong
and Kohler [56], efforts to address the ongoing pandemic or future pandemics increasingly
demand the participation of actors from different disciplines, socioeconomic backgrounds,
and political identities. Therefore, NDOs should cooperate with healthcare institutions and
other responsible entities, provide fair and equal access to healthcare facilities, and inform
the local community to increase their preparedness against future pandemics.

6. Conclusions

The Coronavirus outbreak at the end of 2019 resulted in a high mortality rate and
financial losses, and its devastation will be felt in many aspects of life for years to come.
Cities, the primary center of the collective life of humans in the modern era, saw the
largest and quickest spread of the virus, and consequently, they have borne the brunt of
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the COVID-19 pandemic’s economic and human toll. However, the level of vulnerability
varies across nations, cities, and even in the districts and neighborhoods within a city.
Deteriorated urban areas are among the most vulnerable and inefficient urban areas as they
are characterized by economic and social problems and have a lower level of resilience to
various crises, including pandemics, compared to other parts of the city. These urban areas
also experience far more severe environmental and physical problems than other parts of
the city. The inhabitants of deteriorated areas are, therefore, logically much more vulnerable
than others in the face of a crisis such as the COVID-19 pandemic. These deteriorated
neighborhoods are also present in the Tehran metropolis, comprising around 7% of its total
area, while housing 20% of the population. The formation of neighborhood development
offices as mediators between residents and city governors is the most evident step taken
by Tehran municipal administration, as was the case in many other cities that needed to
organize these areas.

Currently, 4427 hectares of deteriorated and inefficient areas in Tehran are being reno-
vated and rehabilitated by 38 NDOs operating under the direction of Tehran Municipality
(UROT: Urban Renewal Organization of Tehran). Each of these NDOs focuses on one
or more neighborhoods with deteriorated areas. Through positive interactions with the
local communities in these neighborhoods, these offices aim to renew deteriorated areas
in Tehran from a physical, social, economic, and environmental point of view. With the
outbreak of the COVID-19 pandemic, these offices took new measures to increase the
resilience of these target neighborhoods. They have close relationships with the residents
of their covered neighborhoods and are aware of the weaknesses and strengths of the
neighborhoods. The purpose of this study was to assess how well these offices’ action
priorities matched the requirements of the people living in the neighborhoods they were
responsible for during the COVID-19 pandemic. For this reason, 20 evaluation indicators
were extracted from the literature and organized under the four main missions of the offices:
(1) Improving the quality of life and living in residential units; (2) social empowerment;
(3) economic empowerment; and (4) improving the quality of public areas and delivering
locally required services. By conducting several rounds of field surveys, the offices and the
residents of each neighborhood rated each of these indicators based on their personal and
institutional priorities. The data were then assessed using cluster analysis and a conceptual
balance-based model. For each of the 24 NDOs, the balance ratios were calculated for all
of the evaluation indicators. Then, NDOs were classified into three clusters based on the
standardized values of the balance ratio by the K-means cluster analysis method; moreover,
to better compare the balance among all the indicators in each neighborhood, BICs were
drawn for each NDO.

Cluster analysis recommended short-term measures that include the indicators with
more imbalances within each cluster to improve the resilience of NDOs and their actions
against the COVID-19 pandemic. Additionally, the clustering revealed that even adjacent
neighborhoods assigned different priorities to each indicator depending on the specific
conditions they experience that demand special action plans. The BICs drawn for each of
the 24 NDOs show the unique priorities of the long-term measures and that they do not
have to correspond to those that the cluster analysis suggested. This is because, unlike the
cluster analysis results, the BIC introduces indicators as priority areas for taking action
that maintain the balance among all the resilience indicators, not just the ones with the
lowest balance ratio. In other words, if the indicator selected as the priority of action
currently has a high balance, it means the measures taken by offices are in line with
residents’ expectations and should continue in the long run. In addition, based on the
results of BICs, the offices should allocate their financial, technical, human, and executive
resources to gradually maintain balance in the recommended indicators with a low balance
ratio. Finally, by drawing the cumulative BIC, some action priorities at the macrolevel are
recommended for application in the five-year plans of Tehran Municipality; moreover, the
14 NDOs that did not cooperate with this research team can also apply these measures.
Because the deteriorated neighborhoods in Tehran, despite the background differences,
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have a similar situation in some aspects, the results of the 24 NDOs can be generalized to
other neighborhoods.

The results of this study should be added to the description of the duties of NDOs
and the prioritization of actions in the NDPs that have been prepared for deteriorated
neighborhoods in Tehran. In essence, in addition to improving the resilience of neighbor-
hoods against crises such as earthquakes, floods, and the like, it is also necessary to increase
resilience against pandemics such as COVID-19. The evaluation framework proposed in
this study, and the extracted indicators and components, are generalizable and can be used
in other cities. However, the proposed actions, especially the prioritization determined for
their implementation, are specific to the study area. There is no doubt that in other cities,
the types of actions required and their prioritization will differ depending on the neigh-
borhoods’ conditions and actions taken by local institutions. Nevertheless, the presented
assessment framework demonstrates that by maintaining the level of preparedness in dif-
ferent neighborhoods of a city in a balanced manner, it is possible to respond more quickly
and appropriately to future pandemics. This allows casualties and financial damages to be
minimized and helps neighborhoods to return to normal conditions more quickly. It should
be noted that the framework presented for achieving balanced resilience in this paper can
be used in cities with deteriorated areas, informal settlements, and in general, any areas
that are physically, economically, socially, and environmentally vulnerable. Finally, the
framework for evaluating and determining the priority of action presented in this study
can be used to assess the performance of local institutions and draw a road map to improve
the resilience of cities, and their problematic areas in particular, against any crisis.
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