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This research introduces a pioneering methodology and user-friendly online
dashboard for examining population shifts during urban redevelopment in Bat
Yam, Israel, part of the Tel Aviv Metropolitan Area. The simulation tool, operated
through scripts, predicts how redevelopment scenarios will impact household
demographics over time. Its output is a population track-change CSV file detailing
demographic changes. The accompanying online dashboard visually presents these
changes, making the data accessible to policymakers and planners. The tool’s
consideration of environmental factors enhances its applicability in identifying
vulnerable populations and resilient communities amidst urban renewal. This user-
friendly approach, compatible with existing planning tools, underscores the article’s
significance in advancing urban planning practice and addressing societal needs.
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1 Introduction

Urbanism mirrors a grand theatrical production, with citizens assuming the roles of
actors and buildings as the ever-changing backdrop. This metaphorical stage, where human
life intersects with the built environment, forms the essence of urban existence. However,
translating this metaphor into actionable insights for urban planning requires a departure
from technical jargon and a shift toward accessible frameworks. By conceptualizing citizens
as digital agents in a simulated urban domain, we strive to demystify the complexities of
urban dynamics and empower a broader audience, including policymakers and urban
planners, with actionable knowledge.

Despite the potential of high-resolution simulation models to elucidate urban
phenomena, their practical application in planning remains limited. The intricate
interplay of simulation rules and assumptions often obscures the clarity of predictions,
hindering their utility in decision-making processes. Building upon previous research
endeavors, our study pioneers a dashboard framework tailored to present complex
temporal-spatial events in an intuitive, interactive, and simplified manner.

We contend that simplifying complex phenomena into visually accessible dashboards
represents a significant advancement in urban planning practice (Levine et al., 2022a; Yavo-
Ayalon et al., 2024). By harnessing the dynamic capabilities of internet dashboards, we aim
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to distill intricate urban dynamics into digestible insights. Through
features such as maps, charts, and interactive widgets, these
dashboards foster engagement and facilitate informed decision-
making processes.

In contrast to traditional static media, contemporary dashboards
offer a playful yet powerful means of exploring complex urban
dynamics (Kitchin and McArdle, 2016). By integrating synthetic
data generated through microsimulation, our dashboard serves a
dual purpose: to deepen our understanding of population dynamics
amidst urban redevelopment and to visualize potential population
projections derived from these simulations.

Our framework enables the simulation of socio-economic
properties at a neighborhood scale, providing planners with
invaluable insights into demographic trends and socio-economic
dynamics. By synthesizing existing household information and
projected urban development scenarios, we generate detailed
population compositions, capturing the nuanced impacts of
redevelopment on communities.

Scholars have highlighted that effective urban renewal strategies can
drive economic growth, arguing that urban renewal is the only feasible
solution to the declining economic sector in developing economies such
as Nigeria (Adedeji and Arayela, 2018). In Zimbabwe, a study by
Kanyepe (2023) found that residential density affects traffic congestion,
with travel behavior playing a significant role in this relationship. The
researchers suggest that new strategies and tools are needed to address
future challenges in developing countries. Research conducted in
Riyadh, Saudi Arabia (Nassar, 2021), demonstrates that significant
positive impacts can be achieved through a flexible approach that
promotes continuous planning and implementation. To achieve a
harmonious balance between districts, each district should have a
tailored development strategy that considers its unique urban fabric
and sociocultural composition.

Focusing on Bat Yam, Israel, as our case study, we confront the
imminent challenges posed by urban redevelopment in a city
nearing the limits of its land reserves. With plans for significant
housing expansion underway, our research seeks to anticipate and
mitigate potential social costs associated with population
displacement and demographic shifts.

Employing a microsimulation methodology at the household level,
we statistically model future scenarios based on approved
redevelopment plans. Through this approach, we identify vulnerable
populations and assess the socio-economic impacts of urban renewal
projects, offering policymakers actionable insights to inform policy
remedies. As we navigate through the subsequent sections of this paper,
we delve into the theoretical underpinnings of dashboards in city
planning and the intricacies of microsimulation in urban contexts.
Through a comprehensive methodology, we illustrate the input,
processing, and output phases of our framework, culminating in a
discussion of the tool’s benefits and its implications for urban
planning practice.

2 Literature review: microsimulations in
light of city dashboards

The urban domain involves complex interactions between the
built environment and urban society, occurring at various scales,
spaces, times, and through various agencies (Batty, 2005). In recent

decades, complexity sciences have sought to analyze the city as a
complex model, including breaking down the physical and social
space into individual units that interact with each other over time
and space. This bottom-up approach can provide insight into the
city’s interactions and dynamics (Benenson and Torrens, 2004;
Batty, 2005).

Microsimulation is a modeling technique that operates at the
level of individual units. This method is popular in economics,
healthcare, urban planning, and policymaking, typically involving
generating a data-driven synthetic population (Benenson and
Torrens, 2004; Harland et al., 2012; Crooks et al., 2013; Huang
et al., 2014). O’Donoghue refers to this technique as a “computer-
based laboratory for running policy experiments” (O’Donoghue,
2014, p. 1). Microsimulations are often used in public policy, urban
planning, and social science research. For example, they can be used
to analyze the distributional impacts of policies, such as the effects of
tax changes on different income groups or the impacts of
transportation investment on different neighborhoods
(O’Donoghue, 2014; Priem et al., 2020). The technique is based
on creating an individual set of the population with an identification
attribute at a certain point and then generating a future set from that
basis (Ballas et al., 2005; Batty, 2012; Birkin and Wu, 2012).
Updating the state of the population to a specific time is also
known as dynamic microsimulation. Agents aging, death, and
movement over time are examples of dynamic microsimulations
(Birkin and Wu, 2012).

The method stems from 1950 s attempts by economists to model
economic predictions from the bottom up or microscopic unit
instead of macro-models (Orcutt, 1957). With the advancement
of computational power as well as increased data storage in the
1970 s, the method has witnessed expanded applications, as well as
research in various fields such as tax benefit, population dynamics,
traffic flows, healthcare, and socio-economic policies (Huang et al.,
2014; Priem et al., 2020). Noteworthy developments relating to
microsimulations in social and spatial studies over recent years
include the MoSes (Modelling and simulation for e-Social Science)
research node, which generated a synthetic population for the entire
United Kingdom to predict the population 30 years into the future
(Birkin andWu, 2012). One of the more notable simulations is Paull
Waddell UrbanSim, which explores the complexity of the
interaction between transportation models and changes in
transportation systems, land use, shifts in living expenses and
apartment costs, and the effect of all these on population
displacement. It is a planning support tool in transportation and
land-use context (Waddell, 2002). While we have seen multiple
examples of population demographics models and housing choices
models (Birkin and Wu, 2012; Jordan et al., 2011; Marois and
Bélanger, 2015), none of these models address a specific urban
redevelopment scenario that involves a massive change to the
existing urban form; despite the exciting potentialities of these
and other digital tools, an application gap is apparent–their
utilization by urban planners remains limited As with other
digital tools, the problem seems to be the accessibility of the new
technology to those not trained or invested in its use (Tomintz et al.,
2017; Barbosa et al., 2019).

One of the critical benefits of spatial microsimulations is that
they can provide a more detailed and nuanced understanding of
policy impact on individual-level data, capturing the heterogeneous
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nature of populations and the complexity of policy effects (Tanton
and Edwards, 2013; Tomintz et al., 2017). Moreover,
microsimulation can be designed to mitigate Modifiable Area
Unit Problem (MAUP) (Openshaw, 1984). Microsimulation has
demonstrated its potential to explore fine geographical scales that
need to be more adequately studied (Tanton and Edwards, 2013).
However, only some published studies, let alone field
microsimulation applications, have integrated spatial visualization
tools such as web maps and dashboards with microsimulations
(Tomintz et al., 2017).

While both microsimulations and dashboards are widely used in
the field of urban planning and management, we were not able to find
integration in a way that leverages the strengths of both approaches in
the literature; the closest topic we found is ‘serious games that explore
the usage of gaming throughout the planning experience’ (Raghothama
et al., 2022), in this sense we argue that microsimulations and
dashboards utilize part of the complexity and experience in games.
Batty describes the importance of using simulation and visualization
aids such as dashboards to model and simulates approaches in
explaining urban processes (Batty, 2013). Mattern adds that
dashboard can help translate the messiness of urban reality to
rational, detailed, systematic, and ordered forms of knowledge.
(Mattern, 2014).

Dashboard describes a physical device or software that can
display a visual snapshot overview of a complex system with
large amounts of data within a single glance. It enables critical
information to be effectively mediated, enabling decision-makers to
rapidly act (Kitchin andMcArdle, 2016). Digital dashboards operate
like a physical dashboard (e.g., a car dashboard or a plane cockpit) by
providing critical information in a single view (Gray et al., 2013).
Information can be transmitted in interactive graphical media,
which include 2D/3D maps, gauges, bars, and graphs. In
addition, the dashboard can provide users with a set of
interactive tools such as querying, filtering, selecting, zooming,
and panning over the data (Kitchin and McArdle, 2016).

Dashboards have advantages over spreadsheets, charts, graphs,
and reports. One key advantage is their ability to display a large
amount of data in a single visual interface, which allows users to
access and interpret the information rapidly and easily.
Dashboards also tend to be more interactive and customizable
than other options, allowing users to drill down into specific areas
of interest and display only the data that is relevant to them.
Additionally, dashboards can be accessed and updated in real-
time, which makes them a valuable resource for monitoring and
tracking performance and trends. Advanced dashboards can have
game-like capabilities, such as one indicator serving as an input for
another indicator or two-way callbacks. Digital dashboards are
now an essential tool used by data scientists to transform raw data
into a visual, understandable, and actionable form (Mackenzie,
2015; Kitchin and McArdle, 2016).

The widespread adoption of mobile devices in recent years has
contributed to the rapid integration of digital dashboards into urban
planning and management. City dashboards can be an essential
component of many smart city initiatives. They provide a visual
interface for accessing and interpreting data from various sources
and have become central tools in understanding and managing
complex urban systems (Batty, 2012). Urban planners use
dashboards to understand these complex systems and mediate them

to policymakers, managers, and other stakeholders such as the public
and research groups (Kitchin and McArdle, 2016; Soundararaj et al.,
2022). Dashboards have been used for information dissemination,
citizen engagement and participation, urban management, public
policy and decision-making, and other usages (Jing et al., 2019).
Mayors and city management teams use dashboards as evidence-
based city management performance indicators (Kitchin and
McArdle, 2016). Open data dashboards, in particular, enable greater
public participation by providing tools for extracting valuable insights
from data and empowering citizens to engage more actively and
effectively with their city and its management. (Kitchin, 2014).

While dashboards can be helpful in efficiently accessing and
interpreting data, they have limitations and biases. For example,
some critics argue that dashboards need to provide an objective
representation of the city and may be limited in scope by the
decisions of politicians or decision-makers about what data to
include and exclude (Kitchin and McArdle, 2016). Others argue that
dashboards risk reducing the complexity of urban life to a superficial,
mechanical representation, ignoring the non-rational and non-material
aspects of human life (Mattern, 2013; Kitchin, 2014).

The recent increase in Map-based and time-based digital
dashboard awareness and usage has been attributed to the
COVID-19 pandemic (Soundararaj et al., 2022). The dashboards
developed during this period emphasized time series and various
properties of the tracked socio-geographical parameters pandemic
relating to the population.

Dashboard supports time series in various ways; it can display
changes within time, or on the other hand, it can be updated as new
data becomes available. In this sense, dashboards can help the user
identify patterns of change over time for specific phenomena and
compare different parts of the city (Kitchin and McArdle, 2016;
Young and Kitchin, 2020).

Kitchin and McArdle mention that in most cases, city
dashboards are generic data portals, and little thought is given to
the function, use case, and user experience or to the aesthetics or
interface design (Young and Kitchin, 2020).

Framing reality in digital form is a practice subject to
considerable criticism. Mattern criticizes the framing of
external reality, such as the city to digital data, as being
positive thinking, reductionist, mechanistic, and deterministic,
thus collapsing diverse individuals and complex,
multidimensional social structures and relationships to the
abstract data point and formulas (. (Mattern, 2013).
Simulations tend to ignore metaphysical aspects of human life,
which are difficult to capture in a digital frame. Furthermore,
they generally ignore the role of politics, social structures, and
cultures (Kitchin and McArdle, 2016). Finally, Kitchin and
McArdle (Kitchin and McArdle, 2016) suggest that dashboards
need to be more objective and have several shortcomings that
need to be considered. In this work, we are aware that the idea of
projecting to the future or predicting is a complex or almost
impossible task; however, the process itself of simulation creation
and dashboard taught us about some of the urban dynamics and
possibly enabled us to reduce some of its complexity to an
intuitive understanding of what could be and why. This study
intends to fill the gap between redevelopment simulations and
dashboard development. In this sense, this article might
address this gap.
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3 Bat-Yam case study

Bat-Yam is a beachfront city located just south of Tel Aviv. As
of 2019, 1,29,000 People live within its 8.16 square km, making
Bat-Yam the third dense city in Israel (CBS, 2020). Bat-Yam has
already used up almost all of its land reserves in the 1970 s;
consequently, its neighborhoods suffer from aging
infrastructures and buildings. As a result, Bat-Yam has an
incremental deficit and a low average income compared to
Israel’s larger cities (CBS, 2020). In addition, its population
includes one of the highest percentages of immigrants in the
country (33%), as well as an exceptionally high concentration of
elderly residents (20%) (CBS, 2020).

The combination of the high demand for real estate
socioeconomic weakness of its population has led Bat-Yam to
experiment with massive redevelopment over the past decade
(Levine and Aharon-Gutman, 2023). As a result, bat-Yam has
one of the country’s most prominent high-rise construction plans,
with approximately 160 local urban redevelopment plans
currently in different planning and implementation stages. The
intention is to replace hundreds of old buildings throughout the
city with high-rises (up to 30 stories high) and increase the city’s
population by 50% without increasing its residential area (Levine
and Aharon-Gutman, 2022b). This means a dramatic addition of
residential units–an addition of 26,000 residential units to its
existing 51,000.

We have chosen to conduct our simulation on three statistical
tracts (111, 113, and 115) on the upper west side of Bat Yam. The
statistical areas contain 385 buildings and 5,588 households, 62
(approximately 15%) of which are expected to undergo development
according to the municipality’s authoritative GIS layers and

municipal records. They include 1,111 residential units, with an
approximate average of 18 residential units per building (Figure 1).

The Bat-Yam municipality granted us access to their databases,
including detailed data on the citywide level regarding the population
registry, buildings, property, public property, and building requests.
These data were all received in tabular tables and GIS files. These
databases contained information that constituted the empirical
foundation of our research. Following cleaning, organization, and
processing, these data were used as the basis of the simulation.

The scenario presented here involves a complex orchestra where
the existing urban fabric changes form. Moreover, the complexity
multiplies when considering the different construction typologies,
which are unique, and the different planning and implementation
stages. Three modules were designed to simulate the dynamics of
each urban redevelopment typology.

• Addition - where a floor is added to an existing structure, with
the resident population offered the option of remaining
throughout the project.

• Reconstruction - where one structure is demolished and
replaced by another, with the population temporarily displaced.

• Raze and Rebuild - A much larger scale project where
reparcelization takes place, existing structures are replaced
by larger scale buildings, and the population is likewise
temporarily displaced.

4 Methodology

The methodology for this research comprises three integral
parts: input and processing data, a time-based microsimulation,

FIGURE 1
(A) Location of Bat-Yam within Tel Aviv Metropolitan. (B) Location of the research area within Bat-Yam. (C) The Research area.
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and an online dashboard tool. Each component plays a crucial
role in analyzing the socio-economic impacts of urban
redevelopment and providing actionable insights for planners
and policymakers.

Several assumptions underpin the methodology, influencing its
accuracy and applicability. These assumptions include speculative
estimations of construction timelines, assumptions about agent
behavior, and reliance on authoritative and speculative data
sources. However, these assumptions may introduce potential
limitations, impacting the reliability and generalizability of the
research findings.

The data utilized in this research is sourced from diverse
and comprehensive datasets to ensure robust analysis and reliable
outcomes. The primary data sources include authoritative GIS layers,
municipal records, demographic studies, and synthesized
demographic data. These datasets provide detailed information on
building footprints, housing unit attributes, synthetic agent
populations, and agent reactions to environmental changes.

The first phase of the methodology involves inputting
and processing various datasets, including geographic
information, population data, simulation interaction rules,
and scripts defining physical and economic changes
over time. Four essential input modules form the basis
of the simulation: GIS of buildings, mapping of
housing units, synthetic agent generation, and agent
interaction rules.

The second phase employs a time-based
microsimulation approach, iterating through successive years to
assess the state of the environment, query agents based on
changes, generate new agents to occupy vacant apartments, and
track population changes over time.

Finally, the output from the microsimulation is fed into an online
dashboard tool, facilitating analysis and visualization of population
track changes. This tool enables policymakers and planners to gain
insights into the socio-economic impacts of urban redevelopment and
make informed decisions.

By integrating these three components, our methodology offers
a comprehensive framework for analyzing urban redevelopment
impacts, addressing potential social costs, and guiding strategic
urban development initiatives.

4.1 Input and processing data

The four input modules essential for the operation of the
simulation (Figure 2) are.

1. GIS of the buildings, before and after reconstruction, including
building locations, properties, number of units, floors, and
physical changes.

2. A mapping of the housing units and their attributes, type
(Own/Rent), and Size

3. Synthetic agents coupled to housing units, each agent assigned
with an ID

4. Reaction: Agent interaction rules define how the agents react to
changes in the environment. These are the underlying assumptions.

4.1.1 Input 1. GIS of the Buildings
The first input module is a GIS layer that contains building

footprints with their attributes and time stamps. The time stamps
include a start and end period and are intended for the simulation
and dashboard to perform temporal filtering based on time. One of

FIGURE 2
The four main input modules of the Bat-Yam and Roosevelt Island microsimulations.
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the three status attributes for each building project area in the layer:
is ‘Before construction,’ ‘Construction,’ and’ After construction.’
Each one of those statuses includes the time stamp mentioned
before. The dashboard applies the time stamp as a temporal filter
to avoid building superposition. General attributes of the buildings
(in all statutes and typologies) include the following attributes: Type
of construction (typology), number of apartment units per building,
apartment size, and number of floors.

Authoritative GIS layers are the basis of the ‘existing buildings’
(before construction) layer. Architectural plans, in most cases, are
the basis of the ‘future footprints’ layer.When architectural plans are
unavailable, speculative digitization is applied to the footprint based
on the site development regulations.

Determining the construction duration, phase length, and
rehabilitation time is a speculative decision that can be changed
dynamically with GIS software. The original speculative listing was
based on previous study calculations (Levine et al., 2022a).

To be distinguished, three types of typologies are tagged to each
project polygon (Addition, Reconstruction, and Raze and Rebuild).
The construction distinguishment typology is based on the current
Israeli planning and building practice (Levine et al., 2022a). This
typology construction governs the population movement dynamic,
as described next. In short, the construction typologies differ by:

1. The scale of the project, thus the size of the project area, and
whether it needs re-parcelization (in case of a big project).

2. Factor increase, howmany additional apartments will be added
compared to the before state.

3. The project’s duration can span between 1–2 years to
beyond 3 years.

Adding floors to an existing building or the need to demolish a
building and build a new one instead. Table 1 summarizes the

typology characteristics (for further information, see Levine
et al., 2022a).

Each of the various construction typologies impacts the
residents of the buildings in the project differently. For
example, in typologies that involve demolition, current residents
have no choice but to relocate for the project’s duration–for some,
this relocation is permanent. Elderly residents, and those suffering
from health issues, are particularly likely not to return, given the
lengthiness of the process and their often-precocious economic
situation. Likewise, rebuilding will significantly impact both post-
project land value and housing, making low-income residents
particularly unlikely to return to their designated homes once
the project is complete.

4.1.2 Input 2. A mapping of the housing units
For each building project, the existing and future apartments

were modeled. If a building is ‘physically’ demolished and afterward
rebuilt, the new apartment is linked to the old one by the ‘project
number’. The individual owner of the old apartment is
transmitted to the new apartment by linking a designated
apartment number. The building GIS layer is linked to a
tabular dataset that includes information on existing and
future apartments. The dataset can be thought of as the
vertical dimension of the GIS dataset. The attributes of this
dataset include the type of housing (rent/own), door number
(running index), size in sq meters, value (lease or house
purchase value), Maintenance cost, and City tax cost. Similar
to Input 1, we provide the status phase of the apartment
(existing or future), which is also based on authoritative and
speculative data.

This data was mainly obtained from Bat Yam Municipality - tax
listing and analyzed and anonymized. For further information, see
(Levine et al., 2022a)

TABLE 1 Shows the characteristic changes between the different construction typologies (For further information, see Levine et al., 2022a).

Typology
Categorial

Addition Reconstruction Raze and rebuild

legend

reparcelization No Yes

Demolish? No Yes

Temporary moves out No Yes

Additional Floors 2–3 Floors 3–5 Floors 5–25 Floors

Apartment Factor
increase

150% 330% 760%

Construction Duration 18 months 24 months 36 months
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4.1.3 Input 3. Generating synthetic agents
This tabular dataset defines the initial synthetic population in

the simulation coupled to each original apartment (Input 2). At
this point, we will coin an agent as the owner/renter of the
household, and we will describe the synthetic population as
the ‘agents’.

Each agent represents a household and is coupled to a
housing unit using a key number (house ID and door ID).
The attributes of this dataset include Unique identifier (UID
number), type of ownership (owner or renter), age (a number
between 20–100), income (a number between 2,000–30,000 New
Israeli Shekels), Tax easement (defines whether the agent is
eligible for tax easement and to what extent) for further
information see (The author)

4.1.4 Input 4. Agent reactions to the environment
This module includes mainly if-then statements that define

the various combinations of agent interaction with the built
environment. More specifically, the agent has multiple
characteristics that react differently regarding possible
environmental scenarios. The main types of conditions include
interaction between the agent’s age and the duration of the
building construction, an increased cost of living compared to
the income of the agent, and other specific conditions where
agents might leave. In addition, this module also includes
instructions on how to generate new agents in cases
where vacant apartments are available in need to be inhabited.
This will be further elaborated in the A time-based
microsimulation section.

4.2 Time-based microsimulation

In its simplest form, time-based microsimulation is a set of
iterative operations that run on the data throughout a defined time.
For each iteration, a dataset of the changes that occur to the
household agents is appended and documented.

The duration of the simulation is about 15 years between
2015–2030. The interval that was defined in the simulation is
6 months. For each point in time, the simulation applies an
update on the building project line and attempts to answer three
main questions: Who will leave? Who will stay? And who will
move in? Parameterization based on assumptions and
simulation interaction rules mandated the conditions of who
would leave or stay (The author). The agents who will leave are
those mandated by the if-then simulation interaction rules
applied based on their characteristics; in other words, they
were not resilient to the change in the buildings. Those who
stayed were resilient to the same simulation interaction rules.
The agents moving in are newly generated with characteristics
matching the new apartment based on physical size and cost of
living (The author).

The following list describes the fundamental operations of the
simulation at each iteration; the numbering in square brackets refers
to the numbers in Figure 3.

1. The simulation loops through a defined time series. For each
period, the status of the selected building undergoes
modification. In other words, the simulation modifies the
built environment for a specific time frame. [1]

FIGURE 3
The microsimulation logic for Bat-Yam.
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2. Built environment modification also involves the modification
of the rent and value of apartments based on their new
apartment size. [1]

3. To determine whether agents can stay based on their
characteristics, they answer “if-then” questions. Based on
the modification of the built environment and the economic
parameters. [2]

4. If they cannot stay, the simulation will record their identity and
departure time [3].

5. The simulation stores the information regarding the current
residents of the building(s) (those who stay) that fall under the
current project identification number. Then, it appends them
to the new building/renovated building.

6. The remaining vacant apartments are stored as a data frame
subset and used to generate new agents [4]

7. Generating new synthetic agents to inhabit the vacant
apartments based on the economic attributes of the
modified environment [4].

Simulation preparation and other inputs were conducted
using QGIS and geopandas python library. The heart of the
simulation was mainly written using the pandas library. The
data visualization was primarily written with Dash-Plotly, Plotly
in the Jupyter Lab environment.

(1) Modification of the built environment

For each of the three building typologies, the simulation mimics
the physical behavior of the changing environment over time as well
as the population dynamics. Since these operations have differed
between the typologies, it is essential to emphasize the difference.
Table 2 summarizes the main differences between the population
and environmental dynamics.

In the case of Building Addition, the existing building is
upgraded; thus, the household can physically stay during the
construction phase, even though it is not pleasant. In this case,
the simulation mimics the behavior in which some residents stay
in their apartments during construction phases and after
construction ends. In contrast, others leave, either to return
following construction or permanently. The simulation seeks
to identify and visualize the risk factors for agent vulnerability
to environmental changes this typology brings.

In the other two typologies, the whole physical structure is
first demolished; thus, these situations do not permit the
household to stay physically in the same apartment. The

simulation mimics the process of moving the household to
temporary residences (outside the research area), and after
construction ends, the households that are resilient to the
change will return.

(2-3) Querying household: Which households will remain and
which will leave?

In the simulation, three main factors might cause an agent to
leave permanently: ownership, age, and income. Ownership
defines whether an agent owns an apartment or rents in it. In
the simulation interaction rules, it was determined that all renters
would move out in any scenario. Age is a factor since the
construction phase takes time, and living conditions would be
difficult during the building addition construction phase. Thus, it
was decided that agents above the age of 70 would move out in all
scenarios. However, in lengthier procedures such as in Raze and
Rebuild, 65 and older agents will also not return. The last factor is
the income level of the agent. Upgrading the built environment
involves increasing the cost of living, common maintenance, and
taxes. If an Agent owns an apartment and is young enough to
withstand the lengthy period, he will have to face the challenge of
increased costs. On the other side, New agents will move into the
vacant apartments. The built environment defines the cost of
living for a specific area, thus determining which agents will move
into that area. In the results chapter, further details regarding the
simulation assumptions (Levine et al., 2022a)

(4) Generating new populations

After the simulation identifies who will stay and who will leave,
the simulation couples resilient households from the old apartment
to the new apartment in cases where the agent moves physically, or
the agents stay put in cases when the apartment is just upgraded, not
demolished. The actual transition from the old building to the new
one is done by recoupling the old apartment key index to the new
one. The key index is a combination of the building code, its status,
and the index of the apartment.

Potential new agents move into the available apartments in the
new/upgraded building based on a vacant apartment that previously
might have been habited by displaced agents or brand new
apartments that were never designated. The vacant apartments
are referenced, and new synthetic agents are generated based on
their attributes. The characteristics of the new agents are defined
mainly by the cost of the new apartments (Agents’ income), and the

TABLE 2 Shows the interaction between the building typology and how it might affect different populations.

Typology
Categorial

Addition Reconstruction Raze and rebuild

Demolish? No Yes

Temporary moves out No Yes

Automatically leaves
The Simulation

Renters and Age 70+ Renters and Age 65+

Apartment size increase (Increase city taxes) (About 10% increase in tax) (About 25% increase in tax)

Additional Floors (Building common expenses) 2–3 Floors (About 250 NIS) 3–5 Floors (About 320 NIS) 5–25 Floors (Up to 450 NIS)
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age ownership of the new agents is determined by national statistics
(Levine et al., 2022a)

(5) Agent Track changes

The simulation generates results in a track changes CSV file. For
every time frame, an action is performed, and the simulation
readjusts itself accordingly. These individual actions are
meticulously recorded in a track-change CSV log, which can later
be aggregated and analyzed further (Harland et al., 2012).
Mathematically, the track-change CSV dataset spans three
dimensions: n represents the number of agents at any given time,
m represents the agents’ properties, which can vary over time, and t
represents the number of time steps. Consequently, the dataset can
become quite large as the properties of each agent are duplicated
across t time steps.

To manage the dataset’s size, we document only the changes
affecting the population. However, for comprehensive analysis and
statistical evaluation—such as determining age differences over
time—it is crucial to measure changes continuously. In such
cases, we use linear interpolation to calculate changes between
two time points, ensuring that we can conduct accurate and
meaningful analyses while maintaining a manageable dataset size.

4.3 Online dashboard tool

The online dashboard tool acts as the gateway for users to engage
with the data churned out by the microsimulation, effectively
bridging the divide between theoretical concepts and real-world
applications in urban redevelopment. With its division into seven
distinct sections, the dashboard offers users a comprehensive
panorama of the simulation outcomes. Each segment hosts
interactive graph/chart widgets endowed with modern internet
dashboard functionalities like layer manipulation, zooming, and
data-label snapshotting. What sets this dashboard apart is its
emphasis on user-driven exploration and inquiry. Users wield the
power to dynamically adjust the analysis timeframe via the time-
slider, facilitating time-based inquiries and comparisons across
different periods. Furthermore, users can tweak the dashboard’s
context by selecting various thematic themes, enabling a nuanced
understanding of the socio-economic impacts of urban
redevelopment. This emphasis on user interaction significantly
bolsters the dashboard’s practicality and usability, empowering
stakeholders to extract actionable insights and make informed
decisions in urban planning and development endeavors.

As for the microsimulation methodology, it serves as the
backbone for generating tabular data, laying the groundwork for

FIGURE 4
General view of the dashboard divided into different sections.
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analytical insights. This data undergoes a transformation within
the dashboard, morphing into visual representations that
effectively illustrate the microsimulation process or endeavor
to replicate real-world complexities. Serving as the intermediary
between raw data and comprehensible visualizations, the
dashboard plays a pivotal role in facilitating understanding
and decision-making.

Users encounter a structured layout within the dashboard
interface, divided into seven distinct sections, as depicted in
Figure 4. These sections encompass crucial components such as
the 2D/3D Map, Timeline, Physical Change Graphs, Socio-
economic Graphs, Time Snapshot Demographic Change, and
Graph Controllers. Each segment houses one or more graph/
chart widgets equipped with interactive functionalities commonly

FIGURE 5
Simulation controller enables change in the context, time frame, and 2d/3d map.

FIGURE 6
Contextual changes over time.
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found in modern internet dashboards. These capabilities, spanning
from layer manipulation to zooming and data-label snapshotting,
empower users to delve deeper into the data and extract meaningful
insights. Notably, the simulation’s adaptability enables users to pose
time-based inquiries via the time-slider feature or adjust the
contextual framework of the dashboard by selecting different
thematic themes, enhancing the user’s ability to explore and
understand urban redevelopment dynamics from various
angles (Figure 5).

4.3.1 Time series and contextual time graph
The most dominant feature of the dashboard is its ability to

change the point of time or even to compare two points in time.
Most of the graph’s widgets (5/7 widgets) display a snapshot of a
specific time, and only two graphs present change within time or
a comparison between two time points. Part 2 in Figure 4 displays
the contextual time graph. Moreover, Figure 5 showcases an
example of different contextual time-series graphs the
dashboard generates.

Figure 6 showcases several contextual time-series graphs
generated by the dashboard.

We can see in Figure 6, part 1, the absolute population change
and the ownership composition between 2015 and 2029; this
graph demonstrates how the massive redevelopment of the
neighborhood increases the population. Part 2 shows the
increased size of the physical apartments; the graph is divided
by equal interval divisions, Q1 (25%), Q2 (50% Median), and Q3
(75%) of the subgroup population. We can see the increase in
apartment size and how the newcomers, on average, live in larger
apartments; however, the staying population will also move to
larger apartments.

Figure 6 enables us a comparison of pre-urban renewal
populations that remain vs. the newcomers, depicting user-
defined pivots selected from the context menu (see the contextual
menu in Figure 5)

It was found that the relationship between the change in
population growth and the income of the newly entering agents
was considerably higher (twice as high, on average) than that of the
agents residing in the area before the urban renewal that remained.
Moreover, as the population that did not return was composed of the
more elderly population, the native population that did remain was
younger than the more affluent newcomers.

Part 3 Shows the Average Age of the Staying/Newcomers; it can
be seen that most of the elderly have left the neighborhood. Thus,
this can hint towards the change in the urban environment. Part
4 depicts the significant difference between the staying population
income and the new population income. Although it is clear that
there is a large gap between the groups, it is essential to note that the
current iteration of the simulation only accounts for price
differences and does not take into consideration affordable living
policies of any sort.

4.3.2 2D/3D Map
The dashboard enables viewing the study area in 2D and 3D,

with each view having advantages. The 2D view enables us to see the
different stages of development in an accurate geographic
map. However, the 3D map enables us to get a visual impression
of the change in the environment and enables distinction between
the three building typologies. The simulation considers the
construction period, which can be lengthy; this is illustrated in
2D and 3D maps Figure 7 and Figure 11. In 3D, it is a glowing dot
and an iconic crane; in 2D, it is a yellow-filled polygon.

FIGURE 7
Simulation can display 2D/3D contextual maps and snapshots over time.
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FIGURE 8
Current building construction typology phase (10a) and building status count over time (10b).

FIGURE 9
Socioeconomic charts that display Age ownership and income snapshots for a specific time.
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4.3.3 Building construction status
The Time Series also enables to display of the status of the

building constructions. On the top (Figure 8), we see the number
of urban renewal projects of each typology for a specific period.
On the bottom, (Figure 8), the overall number of buildings
before renewal, during construction, and after completion for
each defined neighborhood is displayed during the defined
time frame.

4.3.4 Socio-economic snapshots
For every given time point, the dashboard can display a snapshot

of Socioeconomic characteristics in the neighborhood (Figure 9);
since the time controller controls the dashboard, these figures can
also be animated and illustrate population dynamics that occur in
15 years. For example, Figure 10 displays the change in the
population from its pre-renewal composition (red) to the
incoming newcomers (blue). By the time the process is complete
for this case study, only 10% of the households in the renewed
structures are pre-renewal natives.

4.3.5 Cross view
Figure 12 summarizes four illustrations demonstrating the

change in the built environment and the construction phase; in
the figure, we can depict two columns, each of which details a
specific time frame (2022, 2030). On the vertical side, the figure
demonstrates the two maps (2D/3D), the typology, the construction
phase, and the total accumulation of buildings built, the
construction phase, or before construction.

4.3.6 Building scale analysis
One of the significant advantages of the simulation is that it

depicts, on the household resolution scale, the resident’s movement
in and out of the building in an easily accessible and intuitive
network graph format. Thus, in Figure 12 shows the profile of agents
moving out during the addition project, the profile of those who
remain throughout, those who move out only to return, and the

profile of newcomers who move in following the completion of
the project.

Figure 13 displays the relationship between the building
change and the dynamic population change. The diagram
presents a flow of agents who stay or live and the new agents
who accommodate the vacant apartments. The circle’s color
represents whether the agent is a renter or an owner, and the
direction represents whether he lives or enters. The size
represents the number of households.

5. Discussion

The online dashboard tool developed in this research serves as a
crucial interface for users to interact with data generated by
microsimulation, bridging the gap between theoretical research and
practical urban planning applications. By providing a user-friendly
platform for visualizing and analyzing complex urban redevelopment
dynamics, the dashboard enhances the understanding of physical,
social, and economic indicators in urban renewal.

The dashboard is divided into seven sections, offering a
comprehensive overview of the simulation results through interactive
graph/chart widgets with capabilities such as layer manipulation,
zooming, and data-label snapshotting. This structure enables users
to adjust the time frame of analysis, facilitating time-based questions
and comparisons and to change the context by selecting different
thematic themes. Such interactivity empowers stakeholders to derive
actionable insights from the simulation results, informing evidence-
based decision-making in urban planning.

Integrating multiple interactive widgets within the dashboard
enhances its utility, allowing for dynamic exploration of simulation
outcomes. The tight integration between various widgets, such as the
2D/3D maps and building status graphs, offers a holistic view of
urban redevelopment projects, facilitating informed decision-
making. Additionally, the ability to delve into building-scale
information, coupled with features like population exchange

FIGURE 10
Dot matrix plot of changes to population composition in the study area between two points in time.
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charts, adds granularity to the analysis, enabling stakeholders to
easily identify patterns and trends.

Calibration is critical in aligning the model’s predictions with real-
world observations. In the context of our study, the microsimulation
methodology relies initially on synthetic data generated from existing

household information and projected urban development scenarios. To
improve the accuracy of our predictions, future iterations of our work
will incorporate calibration processes using real-time data. This will
involve adjusting the simulation parameters based on historical data
and observed trends to reflect actual urban dynamics better. By doing

FIGURE 11
The simulation can show several indicators in parallel for specific times, in this case, 2022, 2030 (predicted).
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so, we can ensure that our model outputs are more representative of
real-world conditions.

Validation involves comparing the model’s predictions with
actual outcomes to assess its accuracy. Currently, our study is
based on a case study of Bat Yam, Israel, and uses approved
redevelopment plans to model future scenarios. While this
approach provides a foundational understanding, we recognize
that validation with empirical data is crucial. We plan to validate
our model by comparing its predictions with actual demographic
and socio-economic changes observed in similar urban
redevelopment projects. This will involve longitudinal studies
where the projected outcomes of the simulation are periodically
compared with real-world data collected over time.

We acknowledge that simulation models are inherently
subject to biases and limitations, particularly concerning

the assumptions embedded within them. The current
simulation uses predefined scripts for project timelines and
population dynamics, which may not fully capture the
variability and unpredictability of real-world events. Future
work will involve.

1. Incorporating Uncertainty: Developing algorithms to account
for delays and other uncertainties in project timelines to better
reflect real-life scenarios.

2. Enhancing Data Quality: Continuously updating the model
with high-quality, real-time data to improve accuracy and
reduce biases.

3. Exploring Alternative Scenarios: Allowing users to configure
different scenarios and test various parameters to understand a
range of potential outcomes.

FIGURE 12
Graph view of population movement at a building scale.
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Comparing our dashboard framework with existing tools
highlights both strengths and areas for improvement. Unlike
static tools like Excel spreadsheets or GIS software, our
dashboard offers a dynamic, interactive platform that enhances
user engagement and understanding. However, advanced urban
simulation tools such as UrbanSim and MATSim also offer
robust modeling capabilities. Future work will involve a detailed
comparative analysis to benchmark our tool against these systems,
focusing on user experience, accuracy, scalability, and real-time data
integration.

To address existing gaps and enhance the utility of our tool, we
propose several future research directions.

1. Integration with Real-Time Data: Linking the dashboard with
live data feeds to enable real-time monitoring and adjustment
of simulations, thus converting it from a lab experiment to a
practical planning tool.

2. Scenario TestingModule: Developing a module for configuring
and testing different redevelopment scenarios, allowing
planners to explore various outcomes based on different
assumptions and parameters.

3. Demand Simulation: Incorporating a demand simulation
component to assess how population growth and housing
demand influence redevelopment plans.

4. Public Space Analysis: Including an analysis of public spaces to
ensure that urban redevelopment meets the needs of the
growing population.

Addressing these areas will enhance the robustness, accuracy,
and practical applicability of our dashboard tool, ultimately
providing a more powerful and insightful resource for urban
planners and policymakers.

Despite these areas for improvement, the dashboard and
microsimulation tool represent valuable assets for urban
redevelopment planning, simplifying complex phenomena and
facilitating informed decision-making. By providing insights into

speculated future scenarios and their implications for the current
population, the tool enables more precise planning and responsive
action during construction phases. With continued refinement and
application, the tool holds the potential to revolutionize urban
redevelopment processes, offering flexibility, insight, and
adaptability to meet the evolving needs of urban communities.
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