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Abstract
The neighborhood renewal process is an important opportunity to update the built environment; however, major changes
to the built environment might decrease spatial performance and environmental quality. In these processes, there is a
need to evaluate urban renewal alternatives, especially the quality of the environment, to understand the performance
of the newly designed built environment. The quality of the built environment depends on a variety of aspects (such as
walkability, energy level, security, open spaces, water permeability, etc.), several of which can be assessed using diverse
measurements and evaluation models. Current new technological developments, based on GIS, enable the evaluation of
diverse aspects of environmental quality and promote urban renewal decision‐making processes. Urban renewal needs to
harness these models in the decision‐making approaches to improve assessment processes of urban renewal alternative
estimations that consider future performance and quality of the built environment. In this article, we present a 3D‐GISmul‐
tiparametric scenario analysis for neighborhood renewal alternatives estimation to evaluate the performance and quality
of the built environment as part of the decision‐making process. The multiparametric approach will include an evaluation
analysis of several aspects of environmental quality, including walkability, accessibility, sense of security, energy, shade,
water infiltration, visibility, and more. The analysis results will indicate the level of performance for each aspect as indices
for environmental quality. The multiparametric scenario analysis for neighborhood renewal will be conducted on three
renewal alternatives for one neighborhood in the city of Hatzor HaGlilit, Israel.
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1. Introduction

Neighborhood regeneration processes are often difficult
to promote in peripheral areas due to diverse aspects
such as populations having a low socioeconomic status,
economic factors (contractors’ and entrepreneurial prof‐
its), lowdensity, andmore (Healey, 1995). However,many

towns and cities located in peripheral areas experience
population growth and aspire for urban regeneration
of old city neighborhoods to be improved and updated.
Therefore, there is a need to develop high‐quality urban
regeneration processes;moreover, there is a need to eval‐
uate the performance and environmental quality of the
newly developed neighborhood alternatives.
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Over the last few decades, the quality and perfor‐
mance of the environment have become fundamen‐
tal in urban planning and design (Carmona & Sieh,
2004; Cicerchia, 1996; Shach‐Pinsly, 2010), aiming to
evaluate and measure diverse aspects of environmen‐
tal quality, such as security (Shach‐Pinsly, 2019), visibil‐
ity (Ortner et al., 2016), walkability (Leslie et al., 2007),
and energy (Forster, 2016). Therefore, urban renewal
decision‐making processes must consider the environ‐
mental quality of the renewal area according to a vari‐
ety of quality aspects and develop amultiparametric sce‐
nario analysis approach to understand the quality of the
neighborhood to be built. In peripheral areas, it is partic‐
ularly valuable to understand the urban performance of
renewed areas, which is influenced by diverse environ‐
mental qualities. Therefore, in this research, we use a
parametric analysis approach of multiple environmental
qualities for understanding the outcome performance of
the renewed urban environment.

Perry’s “neighborhood unit” theory (Mumford, 1954;
Perry, 2007) presented an important concept for the
design of districts/neighborhoods within a city. The con‐
cept was an early diagrammatic planning model for orga‐
nizing new residential communities as functional, self‐
contained neighborhoods in the early 20th century in
industrializing cities. Questions relating to environmen‐
tal quality were laid out as a fundamental basis; however,
theywere relatedmore to safety and usage separation to
provide better air quality for the residents.

1.1. Multiparametric Analysis, Decision‐Making
Processes, and Urban Renewal

Recent planning discourse has been characterized by
concepts and approaches that emphasize aspects of sus‐
tainability, resilience, and compatibility. Often, these
concepts build on previous ideas (e.g., Howard’s gar‐
den city) and turn away from outdated principles (e.g.,
car‐friendly city). Current concepts focus on a high build‐
ing density and mixed land use so as to avoid urban
sprawl and long distances for the provision of pub‐
lic services (e.g., education, work, shopping), as well
as to ensure more efficient use of (energy) resources.
Newer concepts additionally address other sustainabil‐
ity aspects, such as local material and energy flows,
nature conservation, mobility reduction through mixed‐
use, and qualified densities to provide inhabitants with
a better quality of life (Bibri et al., 2020; Cervero &
Kockelman, 1997; Gaffron et al., 2005).

The scenario technique is a proven method for
mapping and describing possible future developments
against the background of different planning cases,
trends, and framework conditions. This technique is
well known in spatial planning; for example, scenar‐
ios have been used in urban and spatial planning in
the fields of land development (Waddel, 2002), sustain‐
able urban development, mobility research (Mitteregger
et al., 2019), and technology impact assessment (Duinker

& Greig, 2007). They are considered an established
means of identifying development horizons (sometimes
participatory) for cities and regions (e.g., scenario pro‐
cesses in Munich, Hamburg, Zurich, or Vienna in recent
years). However, the innovation is the performance eval‐
uation process. Although the planning scenarios aim to
understand the spatial layout of the urban renewal out‐
comes, the performance and quality of the environment
are hidden and invisible through this process. This usu‐
ally occurs due to several reasons: lack of models and
tools for measuring the quality of the environment, lack
of understanding regarding which parameters influence
diverse aspects of the quality of the built environment
that affect the urban performance, and lack of models
for integrating the performance analysis results into the
urban regeneration process.

This research aimed to create a planning and
decision‐making process for neighborhood renewal
based on multiparametric analysis that considers the
environment quality and performance of the renewed
area. The main objective was to determine parameters
for evaluation based on (a) known parameters that influ‐
ence the quality and performance of the environment,
(b) available data, and (c) previous knowledge of analysis
methods and tools.We reviewed diverse parameters and
selected parameters that met these criteria, including
parameters that relate to basic indicators such as build‐
ing footprint, roof area, and green space, as well as per‐
formance indicators such as energy consumption, public
transport, shaded area, solar potential, sense of security,
walkability, and visibility.

This article will focus on the “boot” neighborhood in
Hatzor HaGlilit and present three urban renewal alter‐
natives for this neighborhood. Hatzor HaGlilit is located
in the northern part of Israel. The town was founded
in 1952 and housed immigrants mainly from North
Africa. The “boot” neighborhood is characterized by
middle‐class mass housing, built in the 1950s and 1960s.
In 2019, Hatzor HaGlilit had a population of 9,300,mainly
religious‐traditional Jewish.

2. Literature Review

Current urban regeneration strategies relate mainly to
improving buildings, infilling new buildings within exist‐
ing urban construction, demolishing old buildings, con‐
structing new buildings, and integrating diverse com‐
munities into deteriorated locations (Carmon, 2001;
Kleinhans, 2004). Different strategies for physical urban
regeneration developed around the world show a diver‐
sity of models. For example, in the US, most urban
renewal focuses on demolishing large‐scale mass hous‐
ing projects and transforming them into small‐scale hous‐
ing projects for mixed‐income residents (Goetz, 2010).
An urban renewal policy in England, the New Deal
Communities, aims to renovate and improve existing
public residences. Austria developed mixed‐use areas
with affordable housing known as “soft urban renewal”
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(Huber, 2011). Porat and Shach‐Pinsly (2019) aimed to
improve urban renewal processes based on identify‐
ing post‐World War II mass housing suitable for urban
renewal. Thismodel assists in improving top‐downurban
renewal processes with a wide view of the potential for
mass housing stock to be renewed.

Middle‐class mass housing projects were developed
around the world and in Israel to settle refugee resi‐
dents afterWorldWar II (Shadar, 2009). Currently, a large
portion of these housing buildings are old (50–70 years
old) and do not meet current construction requirements
(such as building materials, small apartment sizes, infras‐
tructure systems, etc.); thus, many of these neighbor‐
hoods need to go through a process of urban renewal
to provide higher quality for residents (Carmon, 1998).
Physical urban regeneration is one of the main aspira‐
tions of city regeneration (Jeffry & Pounder, 2016); how‐
ever, there is a lack of knowledge regarding the quality
and performance of the renewed area (Carmona, 2019).

Most middle‐class mass housing in Israel is devel‐
oped based on the “international style,” with similar
methods and tools to those used for development in
Europe (Shadar et al., 2011). The “international style”
building typology includes block housing with clear,
straight geometrical lines and flat roofs, as developed in
Hatzor HaGlilit. Because of low budgets, the buildings’
quality was reduced, resulting in poor physical condition
of apartments for residents from low socioeconomic sit‐
uations (Shadar et al., 2011).

Current urban regeneration in Israel focuses on
three main strategies: (a) condensation by adding single‐
bedroom apartments to buildings to increase land effi‐
ciency, (b) demolishing and redeveloping construction by
increasing building rights, and (c) strengthening buildings
against earthquakes using the newly developed General
Master Plan No. 38 (Planning Director, 2005) by adding
two to three apartment floors to existing buildings or
by demolishing and redeveloping new buildings with
increased building rights.

Much of the urban renewal research on mass hous‐
ing is based on sociological analysis to identify specific
urban sites (Apparicio et al., 2008). The urban regener‐
ation strategy relates mainly to individual buildings at
a site and to social aspects and does not consider the
performance of the developed site. Currently, there is
a shift toward new challenges of mass housing regener‐
ation for policymakers and decision‐makers, as well as
growing involvement of the public sector for large‐scale
neighborhood urban renewal projects (Cunningham &
Sawyer, 2005; Porat & Shach‐Pinsly, 2019). Methods and
tools for evaluating neighborhoods’ environmental qual‐
ity have been further developed and spread since the
beginning of the 21st century. There is a need to under‐
stand the quality of the built environment due to its
influence on the deterioration of public space (Carmona
& Sieh, 2004); however, currently, there is no compre‐
hensive evaluation process for the physical master plans
(Waldner, 2004). Carmona and Sieh (2004) and Carmona

and Magalhães (2007) developed a multi‐quality ana‐
lysis tool—positive‐local‐qualities—which summarizes a
wide range of environmental dimensions that influence
the quality of the environment, including the amount
of planted green areas and foliage, security, accessibil‐
ity, economic vitality, and more. Furthermore, Carmona
(2019) measured the quality in public open spaces and
the value of the built environment in relation to health,
society, economy, and environment, using the “place
quality” tool, aiming to expose the role of design in
influencing the quality of the environment. Talen (1996)
showed that the planning program and its implications
are used in relation to a particular dimension, such as
the functionality system that influences the planning
appendices or planning instructions, etc. Forster (2016)
defined visualizations as important tools in planning, as
well as in estimating “impacts of planning measures
before their realization” (Talen, 1996, p. 73). Shach‐Pinsly
and Porat (2016) evaluated the planning of master
plans based on a place‐based identity versus iterative
top‐down and bottom‐up approaches. Walkability mea‐
sures the ease of walking in a defined area. In addi‐
tion, diverse researchers connect walkability with bet‐
ter health, and environmental and economic benefits
(Florida, 2014). Several factors influence walkability,
including quality of walking routes (sidewalks and foot‐
paths), pedestrian rights‐of‐way such as good crosswalks,
land use patterns, sense of safety, and security (Bain,
et al., 2012). Furthermore, it is important for develop‐
ing sustainable urban planning and design and improves
quality of life (Shelton, 2008). Several models aimed
at evaluating walkability, including that of Frank et al.
(2010), who developed the walkability index for under‐
standing quality of life. Leslie et al. (2007) developed
a model for discovering environmental attributes rele‐
vant to thewalkability of local communities. Shach‐Pinsly
(2019) developed the “security rating index” (SRI) for ana‐
lyzing secure and unsecured urban areas to integrate
these outcomes in the planning process. The concept
of performance‐based energy (or building) codes (Cruz
& Abreu, 2017; Foliente, 2000; Hui, 2002), or safety
codes (Tavares, 2009) attempt to provide clear guide‐
lines (e.g., energy or fire safety codes) for building devel‐
opment that takes into consideration the complexity of
the building designs. In this sense, there is difficulty in
understanding the complexity of the urban environment
design. Furthermore, Shach‐Pinsly and Capeluto (2020)
introduced the concept of “performance‐based codes”
for understanding the role of performance in the plan‐
ning process and how it can be integrated into the plan‐
ning and design process. In this research, we introduce
a new approach that associates the performance‐based
codes concept with evaluating different alternatives for
the urban renewal process.

Over the last few decades, evaluation tools have
been developed and mainly used to evaluate whether
diverse buildings and neighborhoods have been suc‐
cessful as sustainable development goals (Sharifi &
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Murayama, 2013). For example, LEED‐ND promotes
green neighborhoods that reduce vehicle miles, increase
public transport, and include green building infrastruc‐
ture by developing a rating system for design, con‐
struction, operation, and maintenance (Szibbo, 2015).
BREEAM (UK) is a system for rating and evaluating a
range of environmental issues such as ecology, health
and well‐being, and waste, among others, based on
sustainability metrics and indices; it also focuses on
neighborhood development (Sharifi &Murayama, 2013).
Neighborhood 360° is a rating system tool that aims to
promote quality, healthy, and livable development and
design for better and more prosperous neighborhoods
based on points given for the entire project (The Israeli
Green Building Council, n.d.). The city resilience index
(Fitzgibbons & Mitchell, 2019) assesses cities to moni‐
tor and measure factors contributing to city resilience.
However, thesemodels aremainly rating‐basedmethods
and not planning‐based ones. The analysis is performed
on a large scale and does not go into the planning and
program details. The overall score is characterized by cat‐
egories so that the overall quality of the plan can be
understood, but spatial/visual analysis of the quality of
the environment is lacking.

Such complex issues are among the most important
challenges in spatial planning. Schönwandt (1999) and
Selle (1997) described the need for cooperative pro‐
cesses in which visualization and planning support tools
are used. They serve as important communication tools
to be able to prepare data for different target groups in a
comprehensible way and to depict different professional
perspectives on complex problems. Socially and gender‐
relevant aspects can also be considered, as D’Ignazio and
Klein (2020) showed. Digital methods help to structure
such complex problems, as well as their sub‐aspects.

3. Methodology

3.1. Methodology Framework

The research aim was to develop a comprehensive eval‐
uation process for urban regeneration decision‐making
based on quality and performance analysis of the devel‐
oped area. The methodology is based on the integra‐
tion of analysis knowledge for evaluating the quality
and performance of the built environment developed
by an international team from the GIS Lab, Technion—
Israel Institute of Technology, and the Simlab (Spatial
Simulation Lab of Vienna University of Technology).
The researchers aimed to demonstrate a comprehensive
performance assessment of the “boot” neighborhood
in Hatzor HaGlilit, Israel. The project area selection was
based on former studies and research developed at a
planning studio (Ulpan 2, 2019), which showed the need
for further research and involved the proposal of explicit
development paths and concrete instructions for action.

Three urban renewal alternatives were developed
for the “boot” neighborhood: (a) preserving the cur‐

rent spatial design, (b) promoting the real‐estate level
of the neighborhood, and (c) promoting social and com‐
munity performance. The alternatives analysis aimed to
understand the quality and performance of each alterna‐
tive by assessing 15 environmental quality parameters,
including basic indicators—e.g., roof area (potential area
for photovoltaic [PV]), green areas, and paved (public)
roads—and performance indicators—e.g., public trans‐
port, shaded areas, walkability, and sense of security.
The basic research assessed key aspects of the area—
e.g., current spatial and landscape features, cultural
value, environmental and economic conditions, sociode‐
mographic context, and regional/local policies for devel‐
opment of the area—followed by a quality and perfor‐
mance analysis of the urban regeneration alternatives
for the area.

The flow of the research was as follows (see
Figure 1):

a. Develop three urban renewal alternatives for the
“boot” neighborhood;

b. Analyze each alternative according to the 15 envi‐
ronmental quality/performance criteria;

c. Obtain results of each quality/performance crite‐
rion for all three alternatives;

d. Urban regeneration decision‐making based on
multiparametric alternatives analysis;

e. This current research relates to the design of the
urban environment from the point of view of the
planner and the scale of a master plan, and not
from the architectural scale. The main importance
was to understand the possibility of adding layers
of evaluation to the process of urban renewal for
a better development decision‐making process for
a neighborhood. Therefore, the selection of indica‐
tors is adjusted to the neighborhood scale.

3.2. The “Boot” Neighborhood in Hatzor HaGlilit

Perry’s “neighborhood unit” concept (Mumford, 1954;
Perry, 2007) employs a variety of social and physical
design principles, among them separation of vehicu‐
lar and pedestrian traffic, arterial boundaries defining
the inward neighborhood cell, neighborhood radius of
a one‐quarter mile, sizing the neighborhood to suffi‐
ciently support a school, and including between 5,000 to
9,000 residents.

The “boot” neighborhood is located in the southeast‐
ern part of Hatzor HaGlilit and is shaped like a boot,
hence its name (see Figure 2). The area of the neigh‐
borhood is about 13 ha and is relatively flat and walk‐
able. The housing density is six to 10 housing units per
1,000 m². The city bus stops are located on the main axis
of the neighborhood.

This is one of the first neighborhoods built in the city
in the 1950s and includes residential buildings of a vari‐
ety of types: private and semidetached houses adjacent
to each other with relatively wide‐open spaces between
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Mul�parametric scenario analysis for urban renewal

decison-making processes

Urban regenera�on decison-making based on

mul�parametric scenario analysis

The “boot” neightborhood

Quality and Performance Analysis

Result outcomes

15 Performance Criteria

Alterna ve A

Numerical results Spa al results

Alterna ve B Alterna ve C

Figure 1. The research’s flow.

them, three to four stories high public housing arranged
in diverse layouts with wide patios between the build‐
ings, H‐shaped buildings, and parking lots for some of
the buildings. The distribution layouts of the building cre‐

ate the sense of a low‐density area with vast open areas.
The neighborhood contains a number of commercial
and public buildings distributed in various locations and
includes health care, a community center, community

Exis�ng Situa�on

public parks

semi-public areas

private greens

public buildings

exis ng residen al buildings

public roads

Figure 2. Current status of the “boot” neighborhood in Hatzor HaGlilit.
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police, a synagogue, a kindergarten and nursery, an ele‐
mentary school, and a high school.

The neighborhood’s population consists of immi‐
grants from North Africa and Romania, mainly
traditional‐religious, who immigrated to the country in
the 1950s and 1960s, as well as residents who immi‐
grated from the Soviet Union during the 1990s. Today,
the neighborhood has around 2,800 residents. The entire
population lives in about 900 housing units (around
3.1 persons per household). Hatzor HaGlilit belongs
to cluster four (out of 10) of the socioeconomic index.
The unemployment rate is 6.8%. The average wage
is 23% lower than the state average and is around
8,000 ILS.

3.3. Scenario Alternatives Development

To understand the influence of urban renewal on
a defined area, different themes/directions of urban
renewal need to be developed. Therefore, we are intro‐
ducing three urban renewal alternatives that represent
the different themes/directions: (1) “the economic alter‐
native,” that strengthens real estate aspects based on
defined compact and a repetitive urban typology for effi‐
cient land use development; (2) “a community alterna‐
tive,” an urban morphology that promotes community
relations based on common public areas between build‐
ings; and (3) “business as usual,” preserving the exist‐
ing structurewith infill construction and the construction
of additional floors. The differences between the urban
alternatives are regarding the residential buildings’ lay‐
out and types; none of the alternatives involves changes

in the commercial/service/amenities buildings and main
streets in the area.

3.3.1. The Economic Alternative

This alternative was developed based on superblock
buildings, of between two and five floors, along the
main road of the neighborhood. In the main area,
there are single residential buildings, seven floors high,
located around the public buildings and open spaces (see
Figure 3).

3.3.2. The Community Alternative

Alternative 2, which promotes social and community per‐
formance, is structured by 21 compounds of residen‐
tial buildings, each with two buildings: an L‐shaped‐four‐
to‐five‐floor building around a single seven‐story build‐
ing. These compounds lay on both sides of the main
road and surround the commercial/service buildings and
wide‐open space in the central area of the neighbor‐
hood (see Figure 4). The article does not deal with the
population; however, some studies show that physical
characteristics contribute to community performance
(Ewing & Clemente, 2013; Papas et al., 2007). Therefore,
we emphasize social performance based on measuring
parameters that influence social and community perfor‐
mance, as internal visibility (eyes on the street for per‐
sonal security), sense of security, walkability, and shade
(very important for the community’s performance in
Israel’s hot climate). These urban parameters are signifi‐
cant for social and community relations.

superblocks 2 to 5 floors

residen�al buildings with 7 floors

Alterna�ve 1

public parks

semi-public areas

private greens

public buildings

exis�ng residen�al buildings

public roads

Figure 3. Alternative 1: “Economic alternative,” promoting the real‐estate level of the neighborhood.
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public parks

semi-public areas

private greens

public buildings

exis ng residen al buildings

public roads

new buildings with 4 to 6 floors

Alterna�ve 2

Figure 4. Alternative 2: “Community alternative,” promoting social and community performance.

3.3.3. Business as Usual: Preservation of the Previous
Design

This alternative aims to keep the main layout of the
neighborhood as is; however, in this alternative, new
buildings are incorporated into the open spaces using
the infill practice, including increasing each building’s

height by two to four floors, keeping the buildings’ floor
shapes/sizes, and reducing and redefining the open pub‐
lic spaces between them. The height development is
gradual: lower towards the outer parts, higher next to
the street and on the other side of the street, and lower
next to the public buildings (see Figure 5).

public parks

semi-public areas

private greens

public buildings

exis�ng residen�al buildings

public roads

extensions of exis�ng buildings

to 4, 5, 6, 7 floors

Alterna�ve 3

Figure 5. Alternative 3: “Business as usual” (preservation of previous design with additional floors).
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3.4. Indicators

To evaluate the quality and performance of these alter‐
natives, we determined 15 measurable criteria, defined
based on available data and evidence‐basedmodels, and
tools for measuring the criteria. They are divided into
two groups: basic indicators (Table 1, essential charac‐
teristics and key figures of the urban design) and per‐
formance indicators (Table 2, evaluating qualities of the
design with regard to the ecological sustainability and
quality of the environment criteria).

The analysis was developed in a small periph‐
eral neighborhood of low‐medium socioeconomic sta‐
tus. Most residents mainly travel within the neighbor‐
hood, using public facilities (schools, kindergartens, local

commerce, etc.), carrying out errands mostly on foot.
Designing the renewal of a neighborhood requires an
understanding of how to measure several indicators:
(a) Community resilience indices: green open areas, use
of local energy, public transportation, surface runoff,
and flood prevention, shade (vital for the hot Israeli
climate); (b) walking through the neighborhood (walk‐
ing paths) and walkability (independence from private
vehicles); (c) personal sense of security; and (d) inter‐
nal visibility (eyes on the street within the neighbor‐
hood) which contributes to security and a sense of com‐
munity in the neighborhood. In this sense, walkability
and walking quality within the neighborhood are impor‐
tant. However, walking out of the neighborhood towards
the city remains the same for all alternatives; therefore,

Table 1. Basic indicators.

# Quantitative Parameters and Indicators Description

1 Total Project area (in m²) Total area including building plots, public roads, and public parks
1.1. Building plot area (in m²) Building Plot Area (1.1) = Total project area (1) − Roads (5) − Public green

spaces (4.3.)

2 Building Footprints (in m²) Residential and public buildings footprint, housing units, gross‐floor‐
area (GFA), and gross‐floor‐area ratio (GFAR, gross‐floor‐area/size of
building plots).

3 Roof Area (in m²) Roof area is equated with the building footprint. Roofs can be used for
3.1. Potential area for PV green roofs and/or PV modules. We assumed that 70% of roof area can

be used for these purposes.

4 Green Areas (in m²; potentially unsealed) Green Areas = Total area (1) − roads (5) − building footprints (2) −
4.1. Private greens parking (6)
4.2. Semi‐public greens Private greens (4.1.) = Courtyards + 5 m buffer around residential
4.3. Public greens buildings

Semi‐public greens (4.2.) = Building plots (1.1) − building footprints (2) −
private greens (4.1) − parking (6.)
Public greens (4.3.) = Area of existing parks in m²

5 Paved (public) Roads (in m²; potentially Street areas, not including private access roads and paths on
sealed area) building lots.

6 Parking (in m²; potentially sealed area) Resident parking: One lot (25 m² according to Neufert & Neufert,
1992/2009, p. 403, Table 12) per residential unit on building lots.
Public parking: 0.5 lot/residential unit spreading along public roads.

7 Sealed Area (in m²) Sealed areas = Building footprints (2) + Roads (5) + Parking spaces (6)

8 8.1. Expected power demand (in kWh) Expected Power demand (8.1.) = GFA (2.4) × average annual power
8.2. Compactness measure of building demand/sqm: 93.5 kWh according to Hassid (2019, p. 42, Figure 3A).
forms Reducing the surface area of a building envelope can help reduce

energy consumption in the building and reduce the materials (and
connected environmental impacts) used in the envelope’s
construction. The shape factor 𝛾 = S

Smin
shows the surface‐to‐volume

ratio of the buildings based on the concept of a compactness measure
of sustainable building forms by D’Amico and Pomponi (2019). A value
of 1 shows the “optimum” ratio of volume to surface. The GFA‐weighted
average of 𝛾 of the design is shown.

Note: General description and key values of urban designs.
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Table 2. Performance indicators.

A�ribute Value Range
to Points

# Performance Indicator

9 Public transport: Quality of service DC E, F, GBA

23 145

The assessmen s based on the Austrian adap on (Schwillinsky et al.,
2018) o!he Swiss evalua on system of public transport quality (ARE,
2011). A�ribute values of analysis method range from A (good) to G
(nonexistent public transport system), intervals, and  metables (Nateev
Express, n.d.).

10 Infiltra on poten al (IP) >90 >80 >60 >40 ≤40
IP is determined via the rainwater drainage and the respec ve runoff
coefficients (DIN 1986–100:2016-12) o!he surfaces using an adapted
formula from German/European Standards DIN EN 12056–3 and DIN
1986–100, respec vely Austrian Standard Ö-NORM B2501:2015. The
indicator shows the exten�o which a scenario achieves the op mal IP
(complete unobstructed and unsealed surface) in the project area.

11 PV poten al (on roofs) is calculated from solar radia on data provided by
the Photovoltaic Geographical Informa on System (European Commission,
2019a, 2019b) and shown in percentage of energy consump on of
expected inhabitants; it depends on the efficiency of PV modules (e.g.,
ENF Solar, n.d.; Photovoltaik.org, 2020) and available roof area.

>90 >80 >60 >40 ≤40

12 Shaded areas >60 >53 >46 >39 ≤39
Shaded areas are measured at noon hours o!he average ho�est days
(15th July and 15th August at 11 am and 4 pm) o!he year. The size o!he
shaded areas is compared to the size o!he project area minus the
building footprints.

13 Walkability >40 >35 >30 >25 >20
The walkability index is measured by analyzing and integra ng four
parameters: building density, entropy index, mixed-use, and junc on
density, based on Feng et al. (2010) and Frank et al. (2010). The rates
range from one (very low walkability) to five (very high walkability).
The integrated walkability index is the percentage of cells/pixels with a
high or very high walkability index.

12 + 13 The shade parameter will be added to the walkability index to understand
the “quality walk” spa ally and numerically.

>60 >53 >46 >39 ≤39

14 Sense of security >40 >35 >30 >25 >20
The sense of security is measured using the SRI (Shach-Pinsly, 2019), a
GIS-based model to iden fy secure and unsecured urban areas in a city.
The system is based on measurements of urban elements that influence
the sense of security in the built environment: mixed usage, building
proximity, streetlights, the distance between junc ons, and the number of
intersec ons. The rates range from one (unsecured areas) to five (secured
areas). The SRI is the percentage of cells/pixels with a high or very high
secured index.

15 Visibility (eyes on the street, internal visibility) >40 >35 >30 >25 >20
Internal visibility is measured by calcula ng all sightlines from each floor
level toward the neighborhood open space, public and private, based on
Shach-Pinsly, (2010), where the darker areas mark the most visible
areas (5) and the lighter areas mark the less visible areas (1). The
integrated internal visibility index is the percentage of cells/pixels with a
high or very high internal visibility index.

Urban Planning, 2021, Volume 6, Issue 4, Pages 172–188 180

https://www.cogitatiopress.com


it was not included in the calculations. The methods
and tools used for measuring the quality indicators (e.g.,
security, visibility) were based on validated tools.

In this research, we only measured internal visi‐
bility. We based the analysis on Shach‐Pinsly (2010),
where the internal visibility of a compound building
area was measured. For the internal visibility analysis,
we simulated windows in the three‐dimensional façades
(streetscape) facing the inner open spaces of the neigh‐
borhood. The outcome of this analysis shows that the
public open areas are most visible from the building
façades, and there is the possibility of “eyes on the
street” in the neighborhood. Walking paths relate to the
walking routes used by pedestrians to access different
areas of the neighborhood. Walking paths enable better
walking accessibility for pedestrians to diverse areas and
usages in the neighborhood. In such residential neighbor‐
hoods, people mainly prefer to use the shortest walking
path, and, in a hot climate such as Israel’s, people prefer
to walk on the shaded side of the walking paths/streets;
both aspects are mainly influenced by the urban mor‐
phology, trees, etc.

The morphological typology of an area highly affects
the performance and quality of the urban environment
metrics. Therefore, the analysis was based on physical
metrics for understanding the existing and renewed per‐
formance of themeasured neighborhood for current and
future residents. There are additional metrics that relate
to residents’ preferences in a neighborhood, usually
drawn from questionnaires. However, the urban renewal
alternatives intend to triple the neighborhood’s popula‐
tion; thus, there are unknown residents whose opinions
cannot yet be determined.

The tools for analyzing quality and performance
aspects were validated in previous research: The sense
of security analysis is based on the SRI tool that was
developed and demonstrated in Shach‐Pinsly (2019) and
Shach‐Pinsly and Ganor (2021) and was validated on the
case studies of Tel‐Aviv (Israel), Portland (US), and the
Hadar neighborhood, Haifa, Israel. Furthermore, walka‐
bility analysis and validation were based on Feng et al.
(2010) and Frank et al. (2010). Shade analysis is a
widespread method for understanding the amount of
shade in a particular place/area, as is shown in Rafiee et al.
(2014) and in ESRI analysis tools. In order to estimate the
energy consumption for the different designs, Granadeiro
et al. (2013) and Depecker et al. (2001) have developed
concepts that can be calculated using simulation soft‐
ware such as the US Department of Energy’s EnergyPlus
(US Department of Energy, 2021). In the work of Hassid
(2019), the annual energy consumption per squaremeter.
was determined for a reference building in the study
region, which forms the simple basis for the extrapolation
in our work. Currently, there are diverse visibility analy‐
sis methods and tools used for visibility evaluation. For
this research, we based the internal visibility analysis on
Shach‐Pinsly (2010) since this studymeasures the internal
visibility of a building compound or neighborhood.

4. Results

In the following section, Tables 3 and 4 show the respec‐
tive indicators and key figures for the concrete variants
described. The tables are followed by explanations of the
selected indicators.

Further explanations and discussion on the results
for Tables 3 and 4 follow:

Indicators 8 and 8.1: The estimated energy con‐
sumption is determined from average values and
does not consider the structural implementation of
the designs, household sizes, and user structure.
The basis for calculating the expected energy con‐
sumption are the average values of the two simula‐
tions (ISO 13790, EnergyPlus) for the energy consump‐
tion for cooling and heating in kWh/m² of a reference
building for the region around Hatzor HaGlilit carried
out by Hassid (2019, p. 42, Figure 3A). However, the
geometric analysis of the indicator 8.2—surface‐to‐
volume ratio—provides a simple marker of the inher‐
ited efficiency of the design and indicates that the
expected power demand will be higher, as calculated
in 8.1. The reference building has got a 𝛾 = 1.03, which
is close to the optimum of 1.

Indicator 9: Quality of service of the designs does not
vary much as designs do not change the location and
available services (modes of transport, intervals, local
and regional connections) at public transport stops.

Indicator 10: Whereas all design scenarios using the
BAU variant 10a (water impermeable standardmateri‐
als for roofs and parking) showpoor performance, the
more water‐sensitive urban design variants (10b, c,
and d) using grass pavers, green roofs, or both, reach
up to 81% of the theoretical optimum (Q[umin] runoff
859 l/s) as illustrated in Figure 6a. The influence of
green roofs on the balance of sealed and unsealed sur‐
faces can be seen with the naked eye in Figures 6b
and 6c.

Indicator 11: The PV potential includes only the roof
areas, as no investigations were carried out in the
course of the study regarding the radiation of façades,
materials, and the surroundings. Due to the low level
of detail of the designs, potential areas for further PV
installations (shading elements, façades) could not be
considered in the calculations.

Regardless of the individual design, some indicators and
characteristics have proven essential for high urban and
ecological demands: Parking spaces account for a very
high proportion of space in all variants, almost a quar‐
ter (21%) of the total project area. The design of these
areas offers considerable potential regarding avoidance
of heat islands and improving IP. Parking garages should
be implemented in the designs to reduce sealed areas as

Urban Planning, 2021, Volume 6, Issue 4, Pages 172–188 181

https://www.cogitatiopress.com


Table 3. Results: Basic indicators.

# Basic Indicator Existing Situation Alternative 1 Alternative 2 Alternative 3

1 Total Project Area (in m²) 168,415 168,415 168,415 168,415
1.1. Building plot area (in m²) 129,494 126,417 129,114 129,494

2 Building Footprints (in m²) 25,313 31,861 35,644 25,313
2.1. Residential buildings footprint 22,886 29,434 33,217 22,886
2.2. Housing units 900 1,425 1,425 1,425
2.3. Public buildings footprint 2,427 2,427 2,427 2,427
2.4. GFA 73,755 141,588 187,013 129,522
2.5. GFAR 0.49 1.12 1.45 1.00

3 Roof Area (in m²) 22,886 29,434 33,217 22,886
3.1. Potential area for PV 16,020 20,604 23,252 16,020

4 Green Areas (in m²; unsealed area) 86,335 79,742 78,490 86,335
4.1. Private greens 34,858 27,539 30,065 34,858
4.2. Semi‐public greens 46,823 31,391 27,780 33,698
4.3. Public greens 17,779 20,811 20,644 17,779

5 Paved (public) roads (in m²; sealed area) 21,179 21,224 18,693 21,179

6 Parking (in m²; sealed area) 22,500 35,625 35,625 35,625

7 Sealed area (in m²) 68,992 88,710 89,962 82,117

8 8.1. Expected power demand (in kWh) 6,896,093 12,485,055 16,732,269 11,356,842
8.2. Compactness measure 𝛾 1.247 1.249 1.202 1.304

Note: Differences between the building plot area sizes in the scenarios arise from the fact that the properties are connected differently
by public roads.

Table 4. Results: Performance indicators of design alternatives.

# Performance Indicator Exis ng Situa on Alterna ve 1 Alterna ve 2 Alterna ve 3

9 Public transport: Quality of service D D D D

10 IP business as usual (BAU): Rain runoff/ 3,777 l/s 4,366 l/s 4,083 l/s4,551 l/s

a drainage (Q) in liters/second (l/s) on the (58%) (50%) (47%) (54%)

project area (% of op mum)

b Q Parking: Grass pavers with frequent traffic 2,727 l/s 2,703 l/s

loads (e.g., parking lots; % of op mum) (73%) (74%) (71%) (78%)

c Q Green Roofs: Extensive greening, from 2,709 l/s 2,992 l/s

2,421 l/s

3,015 l/s

2,889 l/s

3,001 l/s

10 cm build-up thickness (≤ 5°; % of op mum) (74%) (70%) (69%) (69%)

d Q Parking and Green Roofs: Parking and Green 1,659 l/s 1,330 l/s 1,353 l/s1,339 l/s

Roof variants combined (% of op mum) (89%) (93%) (93%) (93%)

11 PV poten al (in kWh; % of assumed total 4,994,377 4,994,3777,248,1366,422,501

energy consump on in 8.1.) (72%) (51%) (43%) (44%)

12 Shaded area (m²) 31,533 70,634 76,200 56,787

Shaded area (%) 19% 42% 46% 34%

13 Area of walking paths (m2) 65,916 58,572 49,392 65,916

Area of walking paths (%) 39% 35% 29% 39%

Rela ve walkability score (based on Feng 0.69 0.7 −1.39 0.69

et al., 2010; Frank et al., 2010)

12 + 13 Area of shaded walking paths (%) 13% 25% 32% 14%

14 Sense of security 46% 22% 29% 46%

15 Visibility (internal visibility, eyes on the street) 11% 48% 44% 39%
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Figure 6. Total rainwater runoff for design scenarios and variants in project area (a) and exemplary graphic display of IP of
sealed and unsealed areas of Alternative 3 as BAU (b) or with green roofs (c).

it has a great influence on water‐sensitive urban design
(performance indicator 11; see comparison of variants
11a to 11d). Figure 7 demonstrates the spatial analysis
for indicators 12 (shadow), 14 (sense of security), and 15
(internal visibility, eyes on the street) for all alternatives.

The spatial analysis in Figure 7 shows the different
layouts of the indicator outcomes over the alternatives.
The analysis shows similarities between several hot spots
of the internal visibility and the security analysis. For
example, in Alternative 1, at the eastern‐lower part and
the eastern‐northern part of the plan, there are safer
areas with relatively easily walkable areas and a walk‐
ing path with shadows (see Table 4). In this research,
we measured shade from the buildings; however, addi‐
tional vegetation should be added and has the potential
to increase the shaded area for walking and as a whole.

5. Conclusions

The neighborhood renewal process is an opportunity
to increase the performance and quality of the urban
environment for its present and future residents and
for urban functionality. The neighborhood renewal pro‐

cess can also threaten the neighborhood’s quality, gentri‐
fication, social separation, and community segregation.
There is much to gain and much to lose in the process
of neighborhood renewal. To increase opportunities and
decrease threats, planners and decision‐makers need to
act and design according to values, available data, and
indicators. They should understand the quality of the
environment, the existing or developed neighborhood,
and its influence on urban performance for the benefit
of the community.

The performance‐based codes (Shach‐Pinsly &
Capeluto, 2020) aim to integrate performance analysis
into the planning and design process. In this research,
we demonstrated this line of analysis in one neighbor‐
hood based on several selected indicators. We analyzed
the spatial performance of an existing neighborhood,
as well as three urban renewal alternatives. Our analy‐
sis focused on the performance measures, walkability,
public transportation, IP, solar potential, sense of secu‐
rity, shade, and internal visibility. This range of spatial
quality performance indicators could assist planners and
decision‐makers in assessing and estimating neighbor‐
hood renewal alternatives.
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Exis�ng Situa�on Alterna�ve 1 Alterna�ve 2

Shadow (a)

Internal Visibility (b)

Sense of Security (c)

Alterna�ve 3

Figure 7. Noon hours of the average hottest days (15th July and 15th August, 11 am and 4 pm): (a) shadow analysis,
(b) Internal visibility (eyes on the street); and (c) sense of security based on the SRI (Shach‐Pinsly, 2019).

Through the analysis in this article, we calculated
and showed the spatial quality differences in a range
of neighborhood design alternatives. Results, focused
mainly on inner open public residential areas, show that
the area of shaded walking paths increased by 19% and
internal visibility by 37%. Although the most secured
areas relatively decreased by 24% and remained the
same as Alternative 3, these areas were more focused in
inner residential areas, and large areas of the renewed
alternatives show medium levels of sense of security.
The IP decreased down to minus 11% but can be opti‐
mized (up to more 40%) in all designs by choosing water‐
permeable surfaces. The higher energy demand of more
housing units reduces the relative PV potential (down
to minus 29%). Other indices remain with no significant
change. The differences between alternatives and the
original state may be considered as differences in the
quality of the scenarios.

Since the applied tools have been validated in previ‐
ous research, we can rely on these validations. Based on
this authentication, we developed the comparative eval‐

uation for establishing the decision‐making/evaluation
process. Interestingly, we found a correlation, for exam‐
ple, between visibility analysis and security analysis.
Currently, the planning system in general, and urban
characteristics in particular, lack tools for evaluating qual‐
ity and performance parameters; therefore, here lies the
importance of this research and the need to develop a
performance analysis framework as a basis for decision‐
making. Based on the analysis results, inherent weak‐
nesses and strengths of the urban renewal designs can
be identified and addressed at an early planning stage
and serve as basic data for planning decision making
when estimating future neighborhood regeneration per‐
formance and its effect on the society and community.
It is important to note that there is no “perfect” or “opti‐
mal” neighborhood design; rather, there are different
alternatives with a range of qualities to estimate.

The method used is suitable for the rapid assess‐
ment and comparative evaluation of design alternatives.
The multiparametric analysis allows one to understand
the relationship between the different qualities and
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better understand the performance of the built environ‐
ment. Currently, many evaluation models offer a numer‐
ical index without a spatial layout. Integrating numeri‐
cal indexes and spatial indexes allows one to better suit
the morphology design of the neighborhood, resulting
in higher levels of quality and performance. For exam‐
ple, designing shaded and secured walkways located in
diverse neighborhood locations based on multiparamet‐
ric analysis allows residents to enjoy quality walkability
while enabling better solar potential and green roofs by
changing the morphology design.

Overall, the presented method shows the potential
of spatial design‐based knowledge analysis and decision
support, as it can be used to investigate essential aspects
(such as walkability, soil sealing and water‐sensitive
urban design, shading, energy potential, etc.), indepen‐
dent of the design variant. If these aspects are consid‐
ered at an early stage in a design, they can be set as
criteria in tendering procedures and competitions, thus
ensuring that all design variants achieve higher quality.
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