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Abstract: With the increasing frequency and intensity of extreme climate events in cities, it is essential
to develop multi-scale and multi-hazard design tools to ensure urban climate resilience. A designed
approach to urban development across spatial scales offers the opportunity to integrate diverse fields
to create a strong multidisciplinary knowledge base and avoid fragmented planning approaches.
This paper proposes a process-based methodological framework for climate resilient urban design-
integrating analysis of climate impact with concerns of local communities. A combined focus on
climate impact and co-benefits enables a design process with the ability to promote adaptation
and mitigation while also addressing diverse urban challenges and responding to local needs and
priorities. The proposed methodological framework is applied in the context of the climate resilient
urban redevelopment of the Porte de Montreuil district in Paris, France. The results show that the
Porte de Montreuil area is at risk from heat waves as a result of the urban characteristics of the area.
However, it is possible to suggest specific design measures that integrate local planning priorities
with climate resilient design measures to decrease the risk and improve climate resilience in the area.

Keywords: urban climate resilience; climate resilient urban design; multi-scale design; climate change
adaptation; climate change mitigation; co-benefits

1. Introduction

Climate change impacts are being felt across the globe with increasing temperatures,
rising sea levels, and an increase in extreme heat and/or flooding events [1]. Cities have
become central hubs of people, assets, and value and often face increased vulnerability
to climate change as a result of urban form, infrastructure, social dynamics, and complex
governance structures [2].

The complexity of today’s cities calls for a flexible and dynamic set of design tools
that have the capacity to guide an integrated approach to climate resilient regeneration
of buildings, neighborhoods, districts, and urban and regional systems. Methodological
approaches to urban planning and design are evolving to respond to strategic global ob-
jectives set out by the Sustainable Development Goals (SDGs), the New Urban Agenda,
and the Sendai Framework for Disaster Risk Reduction. These global agendas call for cities
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to strengthen resilience, invest in adaptive mitigation, and “build back better” in order to
tackle the deep-rooted inequalities and vulnerabilities that plague today’s cities and urban
communities [3,4]. This has led to a recognition of the importance of design-led action
for retrofitting buildings, regenerating urban neighborhoods, ensuring functional spatial
layouts, and preserving the ecological integrity of cities and surrounding peri-urban areas.
A design-led approach to urban development across spatial scales offers a unique opportu-
nity to integrate the previously disconnected fields of architecture, urban planning, climate
change adaptation, disaster risk reduction, and sustainable development to create a strong
integrated knowledge base across disciplines and maximize efficiency while avoiding
fragmented approaches that so often limit the effectiveness of solutions [5-7]. Integrating
the work of experts from such diverse fields is a complex collaborative challenge that
requires the development of iterative tools to enable holistic multi-scale and multi-hazard
approaches. Therefore, it is critical to integrate climate resilient design principles into
mainstream architectural and urban planning and design processes to promote resilience
thinking across spatial scales and disciplinary divides.

In the European context, the issue of climate resilience is promoted also by implement-
ing methodologies and operational tools in order to integrate hazard /impact assessment
in policies and strategies [8]. Climate services—IT tools that enable the integration of
climate-related information in the design process—can support decision-makers [9,10].

In this scenario, the paper proposes and tests a methodological framework for climate
resilient urban design based on the four-phase process developed by the UCCRN ARC3.2
Working Group on Urban Planning and Urban Design, as part of the Second Assessment
Report on Climate Change in Cities [11]. The aim is to develop a multidisciplinary and
design-oriented proposal for the climate-resilient transformation of the Porte de Montreuil
area in Paris. In particular, the contribution, based on the methodology identified in
previous studies [6,11], focuses on the testing phase and on the tools implemented in the
Site Survey and Public Space evaluation and in the Planning and Design phases.

2. Methodological Framework for Climate Resilient Urban Design

The methodological framework aims to guide multi-scale risk assessment and sup-
port decision-making for adaptation and mitigation planning in cities. Specifically, the
methodology is designed to integrate climate resilience thinking with local community
needs and priorities to guide designs that address societal challenges while also tackling
the impacts of climate change on urban systems. According to previous studies [6,11], the
climate resilient urban design methodological framework is based on four sequential steps:
climate analysis mapping, site survey and public space evaluation, planning and design,
and post-intervention evaluation.

Climate Analysis Mapping is an essential first step in the design process to identify
areas expected to experience the greatest impacts from climate change-related hazards in
today’s climate and potential future climates [11]. This phase utilizes GIS-based modeling
tools to analyze climate impacts at an urban or district scale. Specifically, simulation
tools able to capture the effect of urban morphology and surface cover on the urban
microclimate and potential impacts of extreme events, such as the HWLEM (Heat Wave
Local Effect Model) and FLEM (Flood Local Effect Model) models [11] developed within the
H2020 CLARITY research project (CLARITY, n.d.), can be utilized to simulate heat waves
and pluvial flooding in both current and future scenarios. Such GIS-based simulation
enables evidence-based assessment of risk from climate change-related hazards. GIS-based
simulations at city level are supported by 3D modelling tools, such us Rhinoceros and
Grasshopper, to assess technical solutions at block/building scale.

Site Survey and Public Space Evaluation enable the integration of urban climate
analysis with the specific needs and priorities of local communities which often do not
relate to climate considerations but instead center around issues of livability, housing,
availability of services, mobility, and social cohesion [11]. Assessing local community needs
through participatory processes enables the integration of citizen concerns and local urban
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challenges into design proposals that also serve adaptive mitigation functions. During this
phase, the physical state of the area as well as local plans and strategies can be analyzed in
order to understand local challenges and priorities. Future visioning exercises can aid in
translating high-level city visions into human scale illustrations of daily life by mapping
the "day in the life" of residents in future scenarios according to the planned projects and
policies.

Planning and design focus on identifying synergies and tradeoffs based on the climate
analysis mapping and site survey and public space evaluation in order to propose interven-
tions that balance climate impacts with co-benefits, thus maximizing potential benefits for
the local communities and urban systems [11]. During this phase, metadesign strategies
can be developed that integrate climate resilient design measures with best-practice urban
strategies. Metadesign strategies can be adapted to any local context to guide the develop-
ment of master plans or neighborhood scale designs that provide functional adaptation
and mitigation solutions while also addressing relevant local challenges.

Post-intervention Evaluation involves a critical review of the benefits of proposed
solutions with regard to the urban microclimate, energy consumption, and environmental
performance combined with an assessment of community benefits [11]. In the post-design
phase, the GIS-based tools are used to simulate climate impact and model energy and envi-
ronmental behavior at different scales to evaluate the performance of proposed solutions.
In the post-implementation phase, it becomes critical to monitor the actual response of
the developed solutions to the slow-onset changes and extreme-event impacts, as well as
the perceived urban quality and the way community needs as expressed in the co-design
process have been translated into social, economic, and environmental co-benefits of the
climate-resilient urban transformation.

Throughout the design process, climate resilient design principles and urban design
best practices should guide the selection of potential interventions. Climate resilient design
principles offer a variety of strategies for adaptive mitigation depending on intervention
priorities and can aid designers in selecting appropriate solutions [12]. Form and Layout,
Blue and Green Infrastructure, Building Envelope, Surface Materials, and Energy Efficiency
and CO, Emissions are the four proposed climate resilient design principles that should
be considered in urban regeneration and building retrofitting projects. The incorporation
of these design principles enables designers to quantitatively assess the climate change
adaptation and mitigation benefits of potential solutions [13-15].

Form and Layout are critical, as altering the form and layout of buildings and districts
can provide cooling and ventilation to reduce energy use while also increasing thermal
comfort and reducing vulnerability to flooding and runoff.

Blue and Green Infrastructure has immense potential to cool buildings and neighbor-
hoods, reduce cooling demand, and reduce runoff while mitigating air pollution [16,17].

Building Envelope and Surface Materials can reduce urban heat island (UHI) effect
and improve overall building performance [18,19].

Energy Efficiency and CO, Emissions are an important area to address, as low carbon
and near-zero energy solutions can reduce GHG emissions while also minimizing urban
waste heat [20,21].

In addition to climate resilient urban design principles, interventions should align
with urban design best practices that aim to promote livability, improve walkability and
soft mobility infrastructure, provide access to public services, and promote social inclusion.

3. Climate Resilient Urban Design Application: The Case of Porte de Montreuil

Potential applications of the proposed framework for climate resilient urban design,
described in Section 2, can be illustrated through the use of the framework to guide the
climate resilient urban redevelopment of the Porte de Montreuil district in Paris, France,
as part of the Climate Resilient Urban Design (CRUD) project, UCCRN Urban Design
Climate Workshop held in Paris in November 2021 (Lab’"URBA, n.d.), and the UCCRN
Urban Design Climate Workshop held in Paris in June 2022.
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The four-phase climate resilient urban design methodology utilized enables an evidence-
based approach to urban design that embeds climate concerns in the local context through the
consideration of stakeholder strategies and priorities. The application of this methodology to
the Porte de Montreuil district shows that the framework enables the design of solutions with
adaptation and mitigation functions that also meet the needs of local communities.

The Porte de Montreuil district covers an area of approximately 8 km? and is currently
home to 200,000 inhabitants (based on the elaborations that take into account 2011-2021
demographics, provided by the INSEE—Institut national de la statistique et des études
économiques—and the APUR—Atelier Parisien d’Urbanisme) and is expected to increase
in population in 2050 as show in Figure 1.
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Figure 1. Projected future population in Porte de Montreuil (Source: élaboration by authors from PLU
Paris, INSEE—Institut national de la statistique et des études économiques—and the APUR—Atelier
Parisien d’Urbanisme—data).

The case area is located along the eastern administrative boundary of the city of Paris
at the intersection of the municipalities of Paris, Montreuil, Bagnolet, Vincennes, and Saint-
Mande. The district is a priority area for urban redevelopment, and planned projects are
already underway to reimagine the area and strengthen the connection between the city of
Paris and the greater region (Paris.U, n.d.; TVK, n.d.; Ville de Paris, n.d.).

The Porte de Montreuil district has been selected as a priority area for urban renewal
in Paris as part of the New National Urban Renewal Program—NPNRU (“Portes du 20eme”
project [22]). The urban redevelopment project is assigned to the TVK agency with the
objective of strengthening the links between Paris and Montreuil by creating an urban
continuity through public spaces, a square, and the construction of seven buildings [23].
In this context of redevelopment, the City of Paris also proposed to include the area in
the call for innovative urban project Reinventing Cities led by the C40 (Cities Climate



Sustainability 2023, 15, 13857

50f19

Leadership Group); the call for project was won by Atelier Georges [24]. The aim of the
urban redevelopment is to transform the Porte de Montreuil area into a pilot district of
environmental and sustainability excellence as well as a laboratory for zero carbon and the
new economy principles.

Figure 2 shows the main development areas in the Porte de Montreuil district.

PROJETS EN COURS/PREVUS
TVK ZAC area
Python-Duvernois
Porte de Vincennes
28 ale lgy [FreneErmiie
Saint-Blaise

mam La Noue Montreuil-Bagnolet
Bureaux InSight

PRESCRIPTIONS

[ Zones possibles pour la
densification

B Espaces verts a requalifier

® Coeurs d'ilots a végétaliser

==== Continuité verte

BOIS DE VINCENNES

Figure 2. Main urban developments in the Porte de Montreuil area (Source: illustration by authors
from PLU Paris).

Considering climate factors, the Porte de Montreuil area is primarily exposed to heat
waves and pluvial flooding with the intensity of both hazards expected to increase in
the future under certain scenarios (based on the elaboration of Euro-Cordex RCM data
provided by the H2020 CLARITY project [25]). In this scenario, this study takes a multi-
scale approach to the climate resilient design of the area by focusing on an analysis of both
the Porte de Montreuil district as well as two smaller subdistricts within the area as shown
in Figure 3.

An overall district strategy is proposed for the whole area, while more detailed urban
design experimentation is proposed for subdistrict B, aimed at highlighting the need for
coherent planning and design choices at multiple scales to ensure the achievement of
the targeted climate benefits and co-benefits. This study focuses on an analysis of three
scenarios as shown in Table 1.
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Saint-Mande

Figure 3. Porte de Montreuil district and subdistrict study areas. A and B were used to distinguish
the subdistricts. (Source: illustration by authors).

Table 1. Reference scenarios for the Porte de Montreuil district.

Frequency of Current State * with Business-as-Usual Scenario, BaU Best Practice 2050 * with
Heatwaves Current Land Use 2050 *, with Planned Land Use Proposed Master Plan Prototype
Frequent 33 °C for 2.9 days 36 °C for 2.8 days 36 °C for 2.8 days
Rare 38 °C for 2.0 days 41 °C for 2.0 days 41 °C for 2.0 days

* Current State: The situation of the city in its current state, in both built-up area and population

* Business as Usual Scenario — BAU 2050: The situation of the city in the future (in the year 2050), considering the development of
the built-up area and population according to the current standards of development

* Best Practice 2050: The situation of the city in the future (to the year 2050), considering the development of the built-up area and
population by implementing climate change adaptation and mitigation measures

The following sections describe the application of the four phases of the climate
resilient urban design methodology in the Porte de Montreuil study area.

3.1. Climate Analysis Mapping

The climate analysis mapping phase utilized the CLARITY HWLEM model [10] (Heat
Wave Local Effect Model—HWLEM) to simulate heat waves in the Porte de Montreuil
area. The CLARITY HWLEM model is based on a set of GIS procedures combined with
algorithms developed in SQL and Pyton that enable the attribution of thermal comfort
indicators to the land use geometries. To represent and analyze urban spaces, the system
is based on a 2.5D model [26], which combines the two-dimensional features of land use
footprints with selected three-dimensional information (such as elevation, shading, sky-
view factor). The main algorithm for calculating the mean radiant temperature is derived
from the SOLWEING [27].

Simulations were carried out for the current and future business-as-usual 2050 (BAU)
scenarios. Current simulations utilize existing land use as input data, while BaU simulations
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are run based on future land use data that take into account the planned state of the district
in 2050 according to the planned projects in the area. Finally, the Best Practice scenario will
take into account the master plan prototype in 2050. Figure 4 shows the land use of the
current state scenario (Figure 4a) and of the BaU scenario (Figure 4b).

n Porte de Montreuil

wdq}e (Current Situation) u
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I

(a) (b)

Figure 4. Land use of current state scenario (a) and planned land use within the business-as-usual
scenario (b). (Source: illustration by students of the Urban Design Climate Workshop #1, Paris,
November 2022).

In order to simulate the impact of heat waves on the terrain, two measures were used:
Mean Radiant Temperature (Tmrt) and Universal Thermal Climate Index (UTCI). Tmrt
is a useful summary indicator to assess the impact of heat on the human body, outdoor
comfort [28,29] and is considered to be more suitable for studying the impact of extreme
heat events on humans than other measures due to its close relation to urban morphology
and vegetation characteristics [30]. The UTCI provides further information about thermal
comfort in heat wave simulations, giving a measure of the human physiological response
to the thermal environment and correlating core parameters as 2 m air temperature, 2 m
dew point temperature (or relative humidity), wind speed at 10 m above ground level, and
mean radiant temperature to derive potential heat stress for the population [31,32]. While
the Tmrt is considered a proxy of Urban Heat Island conditions and gives information
about both indoor and outdoor microclimate conditions, the UTCI simulation excludes in
the calculation the contribution of building rooftops and is intended to support the design
of outdoor environments to reduce heat stress in public spaces.

Figure 5a,b illustrate Tmrt in the Porte de Montreuil study area during a current state
rare heat wave of 38 °C and BAU rare heat wave of 41 °C, respectively.

In the current state scenario, the majority of the Porte de Montreuil area has a Tmrt of
over 50 °C, which correlates with a dangerous level of heat stress for elderly populations
that are highly vulnerable to extreme heat [33]. For citizens over 80 years, Tmrt values
above 55.5 °C can lead to a significant increase in the risk of heat-related mortality [16].
Figure 5, therefore, shows a significant risk of heat stress in the current state scenario.
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Figure 5 shows that high Tmrt values are concentrated around the Montreuil neighborhood
to the east of the Porte de Montreuil as well as the area surrounding Nation in the southwest
of the case area and the major intersections along the Boulevard Peripherique, which runs
through the case area from north to south. High Tmrt values in these areas are due to the
densely built character of the neighborhoods, the prevalence of large road infrastructure,
and the limited presence of greenery.

Heat wave hazard
Mean Radiant Temperature

Heat wave hazard
Mean Radiant Temperature

Current state scenario Worst case scenario
rcp 8.5

period: 2011-2040
hw occorrence: rare
Tair: 38° C

rcp 85
period: 2041-2070
hw occorrence: rare
Tair: 41°C

Tmrt °C Tmrt°C

<35 =
<35 I
35-50 H \'ﬂ
35-50 }l‘
50-65 5065 el
65-70 65-70
W0 [ ‘
[ suvdistricts [ subdistricts
[ current state scenario land use. [ Worst case scenario land use

(b)

Figure 5. (a) Tmrt of current-state heat wave in the Porte de Montreuil district (RCP8.5 20112040
rare event, 38 °C); (b) Tmrt of BAU worst case scenario heat wave in the Porte de Montreuil district
(RCP8.5 2041-2070, 41 °C). Illustration by authors.

In the BAU scenario, Tmrt values are clearly higher with the majority of the case area
exhibiting Tmrt values over 65 °C and a significant portion of the case area showing Tmrt
values above 70 °C.

Even though the BAU scenario considers the planned projects in the area that will
incorporate more greenery into the area, heat stress in this scenario is clearly more extreme,
which demonstrates the projected increase in the intensity of heat waves in the future as
well as the limited efficacy of the current planned projects in mitigating future heat stress.

Figure 6a and 6b below illustrate the UTCI in the Porte de Montreuil study area during
a current-state rare heat wave of 38 °C and BAU rare heat wave of 41 °C, respectively.

Figure 6 shows that when using UTCI as an indicator of thermal comfort, different
results are observed compared to Tmrt. In the current scenario, the entire case area expe-
riences very strong heat stress, while in the BAU scenario, a large percentage of the case
area experiences extreme heat stress. These results show that heat stress in the area may be
even more extreme than shown in Tmrt models, as UTCI more closely represents outdoor
thermal comfort.

In addition to mapping Tmrt and UTCI, the CLARITY model also enables an assess-
ment of impact indicators such as excess mortality rates and hospitalization costs as a result
of different heat wave events. In the current state rare heat wave scenario modeled above,
a mortality rate of 3.7% is observed, and a total hospitalization cost of €187,375 is expected.
In the BAU 2050 rare heat wave scenario, the expected mortality rate increases to 4.8%,
and the total cost of hospitalization is expected to reach €298,734, nearly double that of the
current state rare heat wave scenario.
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Figure 6. (a) UTCI of current state heat wave in the Porte de Montreuil district (RCP8.5 2011-2040
rare event, 38 °C); (b) UTCI BAU of worst case scenario heat wave in the Porte de Montreuil district
(RCP8.5 2041-2070, 41 °C). Illustration by authors.

3.2. Site Survey and Public Space Evaluation

The first step of the site survey and public space evaluation phase was to map the
existing state of the Porte de Montreuil area in order to better understand exposed ele-
ments present within the case area. Specifically, topography, commercial activity, mobility,
educational space, cultural activity, and urban green spaces were mapped.

The next step was to conduct an analysis of policies, strategies, and planned projects
in the Porte de Montreuil area to gain a deeper understanding of the strategic and political
context in the area. Due to the unique location of the case area at the intersection of several
different municipalities and territories, it was necessary to analyze policies from each
of the different jurisdictions present within the district. Plans and strategies from Paris,
Montreuil, Bagnolet, Seine Saint Denis, Grand Paris, and Ile de France were assessed. All
major policies and strategies related to climate resilience and sustainable development
were included in the analysis.

Based on the analysis, it is that the city of Paris addresses a much wider range of
resilience-related goals in their plans and strategies than neighboring municipalities. Fol-
lowing a thematic analysis of plans and strategies, the planned projects in the area were
mapped in order to gain an understanding of ongoing and planned urban developments.

Major plans and strategies in the Paris Region include the Paris Climate Action Plan,
the Great Urban Renewal Project (GPRU), and the Plan Local d’Urbanisme (PLU). The Paris
Climate Action Plan outlines a vision for a carbon neutral city by 2050, specifically focusing
on renewable energy, active transport, building renovation, sustainable food systems,
air quality, and climate change adaptation through green and blue infrastructure [22].
The GPRU is an urban revitalization program focused on improving living conditions and
promoting economic development in the areas of Paris and neighboring municipalities with
the most vulnerable population (Ville de Paris, n.d.), which comprises 13 sites, including
Porte de Montreuil.

Finally, the PLU presents guidelines and regulations for the development of the city
over a horizon of 10-15 years. The PLU aims to improve the living conditions of all Parisians
by integrating sustainable development concepts into city planning, reducing inequalities
to create a united Paris, and developing intermunicipal cooperation throughout the region.
Within the Porte de Montreuil area, the Porte de Montreuil Urban Project and the Zac
Fraternité development site will influence the future development of the area. The Porte
de Montreuil Urban Project is a project initiated by the City of Paris as part of the GPRU
and New National Program for Urban Renewal (NPRU) in partnership with ANRU “Les
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Portes du 20eme”. This project aims to improve the quality of urban public spaces, promote
soft mobilities, enhance the landscape potential of the green belt, redevelop social housing,
and improve schools. The project also aims to create a new economic center through the
revitalization of the Montreuil flea market and the creation of better connections with
neighboring areas.

The Zac Fraternité site is a development project for the Fraternité district in Montreuil
that focuses on developing 70,000 m? of mixed-use area for housing, shops, and other
activities (ParisU, n.d.).

After understanding the planned projects in the area, the final step of the site survey
and public space evaluation phase was to communicate the knowledge gained from the
analysis of policies, strategies, and the planned projects on a human scale. In order to
do so, several "day in the life" visualizations were produced to illustrate possible daily
lived experiences of children, adults, and elderly residents in the Porte de Montreuil
district in 2050. The day-in-the-life visualizations are grounded in strategic objectives and
planned projects and therefore reflect how citizens might experience life in the area in
several decades if planned developments are implemented as expected. Figure 7 shows
one example of a day-in-the-life Porte de Montreuil 2050 illustration.

During this phase, as part of the 2 workshop, some analyses with local associations
and communities were also carried out in order to better understand public, private and
business demands [34].

3.3. Planning and Design

The first step of the planning and design phase was to identify metadesign strategies
that can integrate climate resilient design measures with urban project priorities. Following
the identification of metadesign strategies, goals and actions were defined that could
help to realize each city’s vision. Finally, specific adaptation and mitigation solutions
capable of addressing each specific action were identified. Each solution is tied directly
to the CLARITY technical cards (CLARITY Project Consortium, n.d.) which define the
specific adaptation or mitigation performance of each solution in terms of key parameters
such as albedo and emissivity. This enables the simulation of proposed measures in the
post-intervention evaluation phase (Section 3.4) in order to test the climate impact of
potential solutions and encourage an iterative and evidence-based design process. In
addition to defining the climate impact of each solution, it was also critical to identify the
co-benefits delivered by each metadesign strategy by calculating the environmental, social,
and economic co-benefits of each respective strategy.

In this specific application to the Porte de Montreuil case, four metadesign strategies
were identified based on best-practice city visions: the green-blue city, the 15 min city, the
zero carbon city, and the circular city.

The green-blue city aims to incorporate urban greening with sustainable water manage-
ment to provide ecological and amenity values while also recreating a natural water cycle.
The green-blue infrastructure implemented to achieve a green-blue city vision delivers a
range of environmental, economic, and social benefits [35].

The 15 min city is a residential urban concept that shifts the focus of transportation
planning from mobility to accessibility. In a 15 min city, all residents can meet their needs
within a 15 min walking or cycling radius. All residents should be able to access key
services regardless of age, ability, or socioeconomic status [36]. The COVID-19 pandemic
has led to a renewed interest in the 15 min city as a key urban planning vision due to the
increasingly apparent importance of accessing essential amenities close to home [37].

The zero carbon city eliminates all internal carbon emissions while also balancing other
emissions that it is responsible for [38]. The zero carbon city runs entirely on renewable
energy, energy demand is minimized, and resources are managed responsibly through
multi-stakeholder participation [39]. The circular city applies the concepts of a circular
economy to promote regenerative urban systems. Specifically, a circular city aims to
close, slow, and narrow resource loops. Circular cities focus on redefining waste systems,
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commodities, and energy to transition away from a linear economy. This transition is
supported by new business models and innovative cross sector collaboration [40,41].

A Day In the Life in Porte de Montreuil 2050 — Pauline

Pauline is 34 years old and lives in the 20" arrondissement of Paris near Porte de Montreuil

Paulineworksina

Pauli I rk i
auline cycles to wo coworking space

Inthe afternoon,

alonganew greenbelt that is shared Pauline takes a Later inthe evening
that has been created between several break from work to Paulinevisits the
alongthe ringroad. She small companies. enjoy anearby cool Montreuil flea
feels safe due to the sheworkeasan island thatprovides market which has
extensive cycleroute architect awelcome escape been revitalized
network and 30km/hr specializing in wood from the noiseand intoa vibrant
speed limit construction heat of the city shoppingarea

On her way to work, The cafeteria at

£ R % On her way home, When Pauline gets
Pauline drops off Pauline’s office P
g Pauline stops to buy home she cooks
her kitchen waste offers locally <
produce from an dinner. All of the
atalocal produced, Z e
e £ I urban farm in her electricity she uses
composing siation "‘?e aran mears. neighborhood is generated by the
This helps Pauline
. solar panelson her
maintain her
i roof
flexitarian diet
o By 2050, the area surrounding Porte de Montreuil will be transformed into a heavily e In 2050, 300 cool islands will be accessible to Parisians. Within the city of Paris, all
landscaped green belt providing a green leisure space and a refuge for biodiversity (Project residents should be within a 7 minute walk of a cool island (Paris Climate Action Plan).

20eme - Porte de Montreuil, TVK study on Porte de Montreuil). Active mobility will be
promoted and Parisians will undergo a modal shift away from the car and towards walking,
cycling, and public transport. To ensure pedestrian and cyclist safety, the speed on all roads
except major routes will be reduced to 30km/hr (Paris Climate Action Plan, Paris, An Air of
Change, Plan Climat, Air, Energie Métropolitain).

9 In 2050, the production of waste will be reduced and waste will be used as a resource. e By 2050, urban and peri-urban agriculture will be developed throughout the Greater
Spedfically, food waste will be reduced and 100% of organic waste will be recovered (Paris Paris Metropole. (Plan Climat, Air, Energie Métropolitain). In 2050 there will be 150ha
Climate Action Plan). Communities will be supported in the collection and recovery of of urban farming within the City of Paris (Paris, An Air of Change).

organicwaste (Plan Climat, Air, Energie Métropolitain).

In 2050, the Montreuil flea market has been transformed into a modern and lively
covered market as part of the Porte de Montreuil Reinventing Cities project. The
market is now made up of two large halls with wood and stone construction and is
centered around a green square (Winning Reinventing Cities Project).

teleworking, and co-habitation (Resilience Strategy (Paris Resilient Cities Network); Paris,
An Air of Change). Many jobs will focus on sustainability. In the construction sector there
will be a focus on sustainable construction and eco-materials to ensure carbon reduction.
Carbon capture and storage in Paris will be tripled thanks to a shift towards wood
construction practices (Paris, An Air of Change, le Plan Economie Circulaire de Paris 2017-

9 In 2050, Parisians will adopt new ways of living and working through coworking, a

2020).
o By 2050, Paris will have adopted a sustainable food strategy and Parisians will have a less e By 2050, 100% of energy will be renewable in Paris and 20% of renewables will be
carbon intensive diet (Resilience Strategy (Paris Resilient Cities Network); Plan Climat, Air, locally produced (Paris Climate Action Plan). Almost 20% of Paris rooftops will have
Energie Métropolitain). Parisians will eat meat free at least two days per week (Paris, An solar (Paris, An Air of Change). Paris will have a network of microgrids and self-
Airof Change). consumption and self-production of energy will be dominant in newly developed

neighborhoods (Paris, An Air of Change ).
Figure 7. A day-in-the-life in Porte de Montreuil 2050—Pauline. Illustration by authors.

The complete metadesign process can be illustrated by examining in more detail
the process of identifying goals, actions, solutions, and co-benefits for the green-blue city
strategy. Based on the definition of the green-blue city, key goals include improving natural
capital, reducing urban heat islands, promoting sustainable water management, and reduc-
ing the risk of flooding. Associated actions that could be implemented to achieve these goals
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include introducing additional green spaces, improving biodiversity, reducing impermeable
surfaces, and storing and recycling rainwater. Figure 8 shows the specific adaptation and
mitigation solutions (based on the CLARITY technical cards) that can be used to achieve
these actions and meet the goals of a green-blue city. Each adaptation and mitigation
measure is connected to a variety of environmental, social, or economic co-benefits.

Energy Self-Sufficiency

Sustainable Construction

Decreasing Air Pollution

O®®»E®

Ecological Mobility

.
(&

} Urban Connectivity

o>

Sharing Economy

o\

Waste as Resources.

@)

CO-BENEFITS:
Environmental NN
Social [ I

Economic [ I

Figure 8. City vision, green and blue city. Illustration by authors.

Following the identification of adaptation and mitigation measures suitable for pro-
moting the green-blue city, it was possible to visualize how these measures could relate
in a spatial context in order to realize all aspects of this city’s vision. Figure 8 shows
how each adaptation and mitigation solution could be implemented within an urban con-
text and indicates which goal each solution relates to. The co-benefits of the overall city
strategy are also summarized based on the respective co-benefits of each adaptation and
mitigation measure.

This same process was completed for the 15 min city (Figure 9), zero carbon city
(Figure 10), and circular city (Figure 11) in order to visualize how specific adaptation and
mitigation measures could help to create each city vision, and how such solutions could be
implemented within an urban context.

When developing potential designs, the priorities of Atelier Georges are also consid-
ered. Atelier Georges wishes to pursue an innovative architecture and urban planning
approach, based on an iterative rather than consecutive design method for better articu-
lation of different fields of expertise. The key challenges and design priorities of Atelier
Georges in relation to the Porte de Montreuil project are as follows [24]:

- Challenge 1—Energy efficiency and clean energy;

- Challenge 2—Management of sustainable materials and circular economy;
- Challenge 3—Mobility;

- Challenge 4—Resilience;

- Challenge 5—New “green” services;

- Challenge 6—Green growth and smart cities;

- Challenge 7—Sustainable water management;

- Challenge 8—Biodiversity, vegetation, and agriculture;

- Challenge 9—Inclusive city and local impact.
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The design proposals of local and international student groups working on the Porte
de Montreuil case were also considered when selecting solutions. These included the
creation of ecological corridors, the transformation of the ring road into a new urban
boulevard, the integration of water and vegetative cover into the city, the creation of mixed
use areas, strategic reuse of building materials, and the implementation of shared transport
strategies [34]. Following the metadesign process, the solutions from these four metadesign
strategies in combination with stakeholder input were translated into the local context of
the Porte de Montreuil area and included in a proposed master plan and subdistrict design.
Figure 12 shows the proposed master plan for the Porte de Montreuil district.

The first step in drafting the proposed master plan was to map hotspots and flood
risk areas alongside key elements of exposure such as existing green areas, schools, and
cultural and heritage areas. Next, key activity hubs in the district were identified, and
green connections were proposed to link these existing hubs, thus increasing the green-
blue infrastructure and promoting the 15 min city concept, by improving the accessibility
of services. Finally, specific types of climate resilient design solutions suitable for each
area within the district were identified. Measures should be implemented to increase
natural capital, decrease urban heat islands, and promote sustainable water management.
It is important to note that this master plan is only a concept and primarily focuses on
addressing heat-related challenges. Further iterations could be performed to create even
more effective climate resilient design measures targeting both heat and flooding.

The proposed design for subdistrict B took the point of departure in the master plan
shown in Figure 13 by utilizing the same activity hubs and green connections proposed
in the master planning phase. In the subdistrict design, it was possible to further specify
the climate resilient design measures that should be implemented in each zone of the
subdistrict. Figure 12 shows that solutions corresponding to each of the four metadesign
strategies (the green-blue city, the 15 min city, the zero carbon city, and the circular city) can
be implemented in parallel and together form a holistic design capable of being embedded
in the local context of the Porte de Montreuil area.
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Figure 12. Current land use (a) and proposed master plan (b) for the Porte de Montreuil district.
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Figure 13. Tmrt in the Porte de Montreuil area for BAU 2050 scenario (a) and Best Practice 2050
scenario (b) during a rare heat wave event (RCP8.5 20412070, 41 °C). UTCI in the Porte de Montreuil
area for BAU 2050 scenario (c) and Best Practice 2050 scenario (d) during a rare heat wave event
(RCP8.5 2041-2070, 41 °C). Illustration by authors.

3.4. Post-Intervention Evaluation

The post-intervention evaluation phase aimed to test the climate impact of the pro-
posed master plan and subdistrict design described in Section 3.3. The CLARITY HWLEM
model was used to simulate the impact of proposed solutions on Tmrt and UTCI in the
study area. To simulate the impact of these "best practice" designs on Tmrt and UTCI, the
BAU land use file utilized in Section 3.1 was edited to reflect the proposed solutions. All
proposed adaptation and mitigation measures could easily be simulated by the CLARITY
model due to their direct connection to the climate resilient urban measures defined in
the CLARITY technical cards (CLARITY Project Consortium, https:/ /clarity-h2020.eu/
accessed on 1 June 2023).

Figure 13 below illustrates the changes in Tmrt (Figure 13a,b) and UTCI (Figure 13c,d)
in the BAU 2050 scenario compared to the best practice 2050 scenario during a midcentury
rare heat wave of 41 °C.

Figure 13 shows improvements in both Tmrt and UTCI in the best practice scenario
compared to the BAU scenario. The best practice scenario also results in an improvement
in the impact of a rare heat wave event with a 19% decrease in total hospitalization costs in
subdistricts A and B compared to the BAU 2050 scenario. The excess mortality rate also
decreases by 21% in subdistricts A and B compared to that of the BAU scenario.

4. Conclusions

Cities are at risk from climate change, and with the increasing frequency and intensity
of extreme climate events, the need for design-led action to support urban climate resilience
is more urgent than ever. This paper proposes a methodological framework for climate
resilient urban design built around four sequential stages: climate analysis mapping, site
survey and public space evaluation, planning and design, and post-intervention evaluation.
Together these four phases enable a design process that balances climate benefits with
co-benefits to identify locally relevant solutions that deliver adaptation and mitigation
functions. The GIS-based simulation tools such as the CLARITY models allow for climate
analysis mapping at the district and neighborhood scales and also provide an iterative tool
for testing potential design solutions in terms of climate impact. The CLARITY models can
simulate hazard conditions through mapping of heat stress indicators including Tmrt and
UTCI but can also provide a powerful tool for illustrating impact through indicators such
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as hospitalization costs and mortality rates which directly link extreme climate events to
tangible human consequences.

The site survey and public space evaluation phase can be modified depending on
available data in the case study in question. In all cases, storytelling exercises such as
day-in-the-life visioning can help to deepen the understanding of future plans and strate-
gies through grounding policy goals and local planning priorities on a human scale that
emphasizes the daily lived experience.

The metadesign strategies are a useful tool for grounding specific climate resilient
design measures in best practice urban strategies that can be adapted to fit any local context.
The four metadesign strategies proposed (the green-blue city, the 15 min city, the zero
carbon city, and the circular city) can be adapted to any local context to design holistic plans
that tackle climate challenges while also responding to context specific urban challenges.

The post-intervention evaluation is an important iterative phase that can utilize GIS-
based tools to simulate the impact of proposed solutions. This phase provides decision-
makers with the ability to continuously test solutions to ensure that the climate impact of
potential measures is validated before project implementation.

This methodological framework has been applied in the Porte de Montreuil district, a
priority area for urban redevelopment in Paris, France. The results show that the Porte de
Montreuil case area is at risk from heat waves, but climate resilient design solutions can be
proposed to reduce this risk while also delivering on community priorities and promoting
local strategies and existing plans for the area.

In conclusion, the proposed framework for climate resilient urban design can help to
guide decision-making on neighborhood and district scale urban development projects and
provides a powerful tool for integrating adaptation and mitigation with locally appropriate
urban design visions. Future tests of the proposed framework to support climate resilient
urban design should be conducted in other cities contexts to highlight the potential and
criticalities of the approach.
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