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Abstract

As urbanization continues to grow, urban climate issues such as urban heat
island effect have emerged. The “implementation gap” refers to the significant
difference between the number of effective methods available to tackle these
problems and the few cities where they have been implemented to some ex-
tent. Contrary to most literature, our hypothesis is that this gap is due to the
research not being structured in a way that enables effective decision-making.
Therefore, we propose an expanded concept of urban climate maps that in-
cludes all scales of the city and stages of urban development as a solution.
Four case studies at different scales are briefly analyzed to reinforce this point
and provide a clearer idea of the immense opportunity for cities to develop
these climate maps.
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1. Introduction

1.1. Background

The urban heat island effect is a phenomenon in which cities experience higher
temperatures than surrounding rural areas due to the absorption and retention
of heat by built surfaces, such as buildings and roads. This can lead to a range of
consequences, including:

1) Increased energy demand: Higher temperatures in cities can lead to in-
creased energy demand for air conditioning and other cooling measures. Santa-
mouris et al. (2015) estimated an average cooling penalty in urban versus rural
buildings of 13.1%, a peak electricity penalty per degree of temperature rise of

0.45% up to 4.6% and an electricity penalty per degree of temperature rise and
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per person of 21 (+£10.4) W/°C/person.

2) Decreased air quality: Higher temperatures can exacerbate air pollution and
increase the concentration of harmful pollutants such as ozone and particulate
matter. He et al. (2021) provide a literature review of research on the relation-
ship between the urban heat island effect and urban pollution in cities over the
past three decades. The review identifies a range of factors that contribute to the
link between urban heat and pollution, including the impacts of hot temperatures
on atmospheric chemistry and the behavior of pollutants in urban environments.

3) Decreased street comfort: Higher temperatures, reduced air circulation and
high heat radiation can make it more challenging for people to spend time out-
side in urban areas. Qaid et al. (2016), for example, focus on the urban heat isl-
and phenomenon and its impact on outdoor thermal comfort at a micro-scale
level in Putrajaya, Malaysia. The study emphasizes that the urban heat island ef-
fect cannot be generalized across different areas and stresses the need for a mi-
cro-level analysis to address the issue of human comfort.

There is a broad consensus that the urban heat island is a prime product of
urban development (Levermore, 2018), particularly related to the modification
of land cover/use, urban structure and building configurations (Makar et al.,
2006; Fan & Sailor, 2005). Therefore, confronting the UHI demands long-term
and fundamental changes in urban development.

Countless measures have been evaluated so far to address this issue with posi-
tive results. These include building geometry, urban density, built-up ratio (Ra-
jagopalan et al., 2014; Kleerekoper et al., 2012; Gago et al., 2013; Razzaghmanesh
et al.,, 2016), roughness length, canyons aspect ratio and sky view factor (Rizwan
et al., 2008; Lee & Baik, 2010; Unger, 2004), vegetation or green spaces (Raz-
zaghmanesh et al., 2016; Wang & Akbari, 2016), water bodies, cool sinks, pave-
ments and open spaces (such as parking lots) (Luo & Asproudi, 2015), surface
characteristics and building materials (Gago et al., 2013; Unger, 2004; Bona-
mente et al., 2013), usage of buildings or spaces (such as commercial, residential,
office, etc.) and transportation (Li et al., 2013; Hsieh & Huang, 2016).

The effectiveness of most UHI mitigation measures have been widely eva-
luated in field measurements, numerical simulations, and remote sensing studies
globally, showing strong dependence on site characteristics and background
climate conditions (Bowler et al., 2010; Santamouris et al., 2017).

While there is a lack of economic evaluations on the effectiveness of mitiga-
tion measures against the urban heat island effect, a few studies have demon-
strated the significant advantages of investing in such measures. Mekala et al.
(2015) discuss the economic benefits implementing green infrastructure and es-
timate that potential public benefits of avoided health costs of about AU$75,049
per annum and potential private benefits of AU$3.9 million.

In their study, Whiteoak and Saigar (2019) offer an economic framework for
estimating the benefits of greening and water management projects. They use a

standard cost-benefit analysis approach to compare the costs of these projects
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with their potential benefits, such as water savings, health benefits, recreation
value, and electricity savings. Through various scenarios, they conclude that
while the heat mitigation achieved from greening projects may be modest, it is
still significant, and there are several quantifiable economic benefits associated

with such mitigation measures.

1.2. The Implementation Gap

While there is a consensus on the urgent need to address issues such as the ur-
ban heat island effect, and agreed-upon measures to mitigate it, numerous stu-
dies indicate that very few cities have taken concrete actions to address this
problem (Hebbert, 2014). In this section, we will provide a summary of literature
that examines the reasons for this disparity, which is commonly referred to as
the “implementation gap”. Numerous studies suggest that the dynamics of pub-
lic entities, particularly their relationships with other stakeholders, play a signif-
icant role in the implementation gap.

Birkmann et al. (2010), for example, discuss the concept of adaptive urban
governance in the context of climate change adaptation strategies. The authors
argue that traditional governance structures are not sufficient to address the
complex and dynamic challenges posed by climate change. They propose a new
framework for adaptive urban governance that emphasizes collaboration, flex-
ibility, and a systems-based approach. The article highlights the importance of
stakeholder engagement, data-driven decision-making, and ongoing evaluation
and adjustment of adaptation strategies. The authors conclude that adaptive ur-
ban governance is essential for effective climate change adaptation in cities and
recommend further research to refine and implement this framework.

Given the history of their interaction, it is understandable to have concerns
about the relationship between governments and urban planners. Over the past
century, the inadequate collaboration between these entities has led to signifi-
cant frustration, particularly in areas such as housing and mobility. Adelle and
Russel examine previous attempts at policy integration, such as sustainable de-
velopment and environ-mental policy integration, and identifies factors that
have hindered their success, such as conflicting policy objectives, lack of political
will, and insufficient resources and propose a set of principles for effective cli-
mate policy integration, including clear and measurable targets, coordinated
policy frameworks, and stakeholder engagement.

Other articles suggest that the public may also have shortcomings contribut-
ing to the implementation gap. Wang et al. (2021) discuss the results of a survey
conducted to understand public perceptions of urban heat island mitigation
strategies and implementation strategies. The study found that respondents were
supportive of urban heat island mitigation, with trees and green spaces being the
most favored strategies. However, there were significant gaps in knowledge and
implementation, with many respondents unaware of specific strategies and un-

sure of who is responsible for implementation. The article suggests that increas-
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ing public education and engagement is crucial for successful implementation of
urban heat island mitigation strategies.

According to Parsaee et al. (2018) this issue is attributable to the fact that the
paradigm of urban climate management systems considers the physical and en-
gineering aspects of the urban warming phenomenon, and it neglects the so-
cioeconomic, managerial, and climatic contexts and capacities of the city. Hence,
the countermeasures against climatic issues (the urban heat island phenomenon)
have thus far been offered but with a negligible consideration of feasibility in the
urban development plans. One particularly interesting finding of this paper is
the diagnosis that a general platform, as opposed to specific implementation
studies, is crucial for facilitating co-operation among different stakeholders.

Runhaar et al. (2018), take this idea one step further by suggesting that not
only is a platform that incorporates different factors necessary, but also one that
is shared by cities globally to maximize synergies. The article is primarily fo-
cused on the mainstreaming of climate adaptation into policies and practices
worldwide. They claim that qualitative assessment of outputs and outcomes
suggests that effective outputs were reported when several mainstreaming strat-
egies were employed simultaneously and when higher-level changes were opera-
tionalized at local level.

Degirmenci et al. (2021), provide the latest literature review that examines
policy and technology responses to mitigate urban heat islands. The authors
highlight the need for more research to better understand the effectiveness of
different policy and technology solutions, as well as the need for interdiscipli-
nary approaches that consider both technological and social factors. They also
emphasize the importance of stakeholder engagement and public participation
in the development and implementation of urban heat island mitigation strate-
gies. Three key areas identified by them for evidence-based policymaking that
are most relevant to our research are timescale analysis, effective policymaking
instruments, and decision support and scenario planning.

In conclusion, according to most literature, the implementation gap is attri-
buted to shortcomings beyond technical and academic factors, namely the gov-
ernment and the public. Recommended solutions often involve delivering exist-
ing knowledge to these stakeholders or fundamentally changing their motiva-
tions, functioning, and responsibilities to enable the implementation of neces-
sary measures.

Only a few studies, mentioned in the previous section, attribute the imple-
mentation gap to technical reasons such as timescale analysis, mainstreaming,

and articulation with social research.

1.3. Research Limitations

In contrast to prevailing research, we contend that closing the implementation
gap is something to be achieved within the technical scope. Specifically, we be-

lieve that the lack of studies that address the two dimensions of time and scale is
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the most significant shortcoming in this area.

When considering the scope of urban governance, it becomes clear that it
spans a broad range of time and scale, from the initial planning phase to post-
assessment, and from individual buildings to entire regions.

Despite this wide-ranging scope, our review of the technical literature reveals
a significant gap in research that comprehensively covers all aspects of urban
governance. This is demonstrated in Table 1 by categorizing previous research
along according to their scope of time and scale, revealing a lack of studies that
adequately address the full range of issues in urban governance. We consider
here research collected by Parsaee et al. (2019).

The results are conclusive in terms of the lack of studies that address the

problem in its entirety. This suggests that a more comprehensive approach to

Table 1. Classification of studies according to scale (B: building, N: neighborhood, C: city) and stage.

Stage
Article Location Scale
Pre-planning Scheme-design Evaluation Post-Eval.
Kandya & Mohan, 2018 Delhi, India B X
Touchaei et al., 2016 Montreal, Canada B X
Yang et al., 2018 Singapore B X
Wang et al., 2016 Montreal, Canada N X
Santamouris et al., 2018 Sydney, Australia N X X
Morakinyo et al., 2018 Hong Kong N X X
Taleghani et al., 2019 Los Angeles, USA N X X
Coccolo et al., 2018 Dubai, UAE N X
Lee & Mayer, 2018 Stuttgart, Germany B,N X X
Miiller et al., 2014 Oberhausen, Germany N X
Zhao et al., 2018 Tempe, AZ, USA N X
Zhang et al, 2018 Wuhan, China N X
Lontorfos et al., 2018 Athens, Greece C X X
Kyriakodis & Santamouris, Athens, Greece C < <
2018
Sharma et al., 2016 Chicago, USA C X
Hsieh & Huang, 2016 Tainan City, Taiwan region C X X
Norton et al., 2015 Melbourne, Australia C X
Tan et al., 2016 Hong Kong C X
Gilbert et al., 2016 California, USA B,C X
Vahmani et al., 2016 California, USA C X
Villanueva-Solis, 2017 Mexicali, México B,C X
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urban governance research and policy development is needed to address the
challenges of urbanization in a rapidly changing world. By focusing on both the
time and scale dimensions of the issue and drawing on a wide range of expertise
and perspectives, we can develop more effective and sustainable solutions to the
complex challenges of urban governance.

After an extensive review of the existing literature, a significant gap in re-
search has become evident in the realm of public policies that encompass various
scales and planning stages. While this paper does not aim to present a compre-
hensive framework to address this gap, our objective is to offer a comprehensive
perspective through a re-view of case studies spanning different scales and stag-
es. The purpose is to underscore the potential advantages of adopting a holistic
approach to this issue, one that incorporates the collaborative efforts of planners
in a comprehensive manner.

It is important to note that each of the case studies featured in this paper may
not introduce radical innovations on its own. Instead, their role within this work
is to serve as illustrative examples, shedding light on the diverse challenges and
contributions that come with decision-making processes at different stages and
scales. Additionally, they collectively point towards the blueprint for a more ex-

tensive platform designed to tackle this issue in a broader context.

2. Materials and Methods

In our research, we placed emphasis on wind management as a priority over
other aspects of climate management, following the findings of Zhang et al.
(2020) who re-viewed numerous studies on urban climate. Their review con-
cluded that building height difference and time-varying inflow conditions are
the most significant factors, while tree planting, vehicle-induced turbulence,
thermal and/or wall heat conditions have weak influence. Based on their find-
ings, they proposed several guidelines regarding building height and shape that
they deemed most effective for managing the urban climate.

Recent advances in two key technologies have enabled the development of the
holistic model with emphasis in wind management that we propose: urban re-
construction and wind simulation.

Urban reconstruction involves creating digital representations of cities using
various techniques, including photogrammetry, LiDAR, and laser scanning. The
accuracy of these models has significantly improved in the past decade, enabling
the capture of critical details necessary for accurate climate simulation, such as
buildings and vegetation. Wang et al. (2018) have reviewed different methods
and outcomes for city modeling from LIDAR point clouds and concluded that
despite challenges, the latest research indicates the effectiveness of this technol-
ogy in modeling cities at different scales and levels of detail.

The second key technology is wind simulation. Numerous studies have been
conducted to develop and test different models for simulating wind patterns in

urban environments, using a range of techniques such as computational fluid
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dynamics (CFD), wind tunnel experiments, and empirical models. Toparlar et al.

(2017) review 183 applications of computational fluid dynamics (CFD) in ana-

lyzing the urban microclimate. Some aspects to highlight are:

e Increasing popularity: the number of studies in the field in the last three
years exceeds that of the thirty precedent years.

o The historical review suggests a shift in the trend of CFD microclimate stu-
dies from model development to case studies and urban scale adaptation
measures and highlights the potential for CFD to transfer urban climate
knowledge into engineering and design practice.

o Different targets: temperature related, thermal comfort related, heat transfer
related, flow/ventilation related, humidity/mass transfer related, air quality,
etc. They conclude that “Future studies might focus more on systematic stu-
dies with multiple scales (e.g. mesoscale, building scale) and aspects (e.g.
economical) to transfer the gained knowledge from urban climatology to
routine building and urban design guidelines.”

Proposals for a platform like the one we are suggesting are not new, and the
concept of urban climate maps has been around since the 1980s when Knoch
developed the term. Although our platform intends to cover a broader spectrum
than what was suggested in Knoch’s work, we will use the term “urban climate
maps” or “urban climate atlas” to refer to our proposed platform. For further
information on the development of urban climate maps, we recommend Ren &
Katzschner review article (Ren et al., 2011).

Urban climate information atlas is an information assessment tool for urban
climate factors and urban planning related factors, which presents urban climate
phenomena and related issues on a two-dimensional spatial map, realizes the
visualization of climate information, solves the problem that urban climate in-
formation is difficult to be read and used, enables planners and designers to eas-
ily obtain urban climate in-formation through the atlas, and combine it with the
current situation of urban land use to make a correct assessment and ultimately
guide urban design and planning practice.

The urban climate information maps rely on objective urban meteorological
data (temperature, precipitation, wind, solar radiation, etc.), information related
to urban land use, site topography, site vegetation and greenery (see Table 2),
and analyze three main aspects about urban climate.

Urban heat island maps consist of three essential components. The first ele-
ment is the contextual meteorological variables, which refers to the larger me-
teorological context surrounding the city. The second element encompasses the
physical characteristics of the city, including its geography and physical form,
such as buildings, vegetation, and materials. Lastly, the maps consider the target
meteorological conditions that researchers want to investigate or modify, such as
the urban heat island effect, human comfort levels, or meteorological conditions
of a particular location.

Of course, the specific variables to be analyzed will depend on the unique
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Table 2. Classification of data needed to create a climate atlas (created by the authors).

Categories Map Categories Data Classification Purpose and Contents
Contextual Meteorological Temperature Temperature (season - time) Define the scope of heat island
meteorological map distribution distribution
. Long-term average temperature change
variables
Airflow Wind speed (season - time) Clarify the characteristics of
distribution . . . . airflow distribution, the Monsoon,
Wind direction (season - time) . . o
prevailing wind distribution range
Sunshine Sunshine intensity (season - time) Define the distribution of solar
Distribution . . . radiation
Sunshine duration (season - time)
Physical Terrain Elevation Understanding of topographic
characteristics features (basin climate and
mountain valley wind possibilities)
Water surface distribution Understanding water distribution
Land Use Land Use Distribution Understanding the correlation
between surface temperature, land
Vegetation Distribution p
use and land cover status;
Building Distribution understanding the characteristics
L of air currents
Road Distribution 4
Greening Distribution
Target Atmospheric pollution NOx (season - time) Understanding the status of air
meteorological concentration distribution ollution
. & SPM (season - time) P
conditions

Distribution of pollution sources

Heat emission distribution

Surface temperature distribution

Distribution of somatosensory
indicators

Traffic volume (weekdays/rest days,
day/night)

Pollution emission facilities (annual
average volume)

Apparent heat emissions (annual
average)

Potential heat emissions

Ground surface temperature (day/night,

season)

Somatosensory indicators (SET)

Understand the factors affecting
air pollution and heat emissions

Understanding the characteristics
of regional heat emissions

Understanding the impact of
anthropogenic heat sources on the
regional environment

Understanding the effect of
ambient temperature on human
comfort

challenges and characteristics of each city. For instance, the variables that are
important for a tropical city may differ from those that are essential for a colder
region, even though the approach to the analysis remains the same.

Combining the spatial and temporal scales in meteorology and the scale of
urban planning, the simulation and assessment of urban climate environment

can be divided into four scales: “city-region-neighborhood-buildings”, with dif-
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ferent focuses on planning contents and applications (Table 3). The city level
focuses on monitoring and protecting the urban climate environment, identify-
ing key areas such as urban heat island cores and urban wind corridors in con-
junction with urban climate strategies, and forming general planning recom-
mendations. Climate simulation at the regional level can be used to clarify the
characteristics of the regional urban climate environment, improve the outdoor
comfort of regional public spaces, and provide guidelines for urban design in
conjunction with regional planning. Climate simulation at the neighborhood
level can clarify the characteristics of the climate environment of streets and
building clusters, identify the weak areas of the neighborhood climate environ-
ment, and is mostly used for the assessment of the built-up area environment
such as urban renewal. Climate simulation at the building unit level can be used
to evaluate design solutions and identify climate problems in built-up areas and
propose strategies, focusing on local thermal and wind environments. The mod-
eling requirements include detailed information on building entities, vegetation,
water bodies, substrate materials, etc., and need to be combined with field mea-
surement data, aiming to improve out-door comfort of buildings and optimize
energy-saving building design.

The climate simulation and evaluation program for urban built-up areas
adopts the operation path of “data collection-simulation processing-program
evaluation—on-site survey comparison”, as summarized in Figure 1. Data col-
lection includes meteorological data and physical data of built-up environment.

With the help of climate simulation software, the local thermal, wind, sound and

Table 3. Climate planning content and applications at multiple scales (created by the authors).

Planning Scale Planning and design  Planning and design content Planning and design applications Climate scale
level
City Scale 1. Strategic planning for Spatial distribution of urban Define the characteristics of the Macro

spatial development
2. Urban master plan

clusters and municipalities at all ~ urban climatic environment and 50 - 100 km
levels, industrial spatial protect and build urban windways

distribution planning, population

growth control, land use scale, etc.

Regional Scale 1. Zoning plan Spatial planning of urban districts, Define the characteristics of the Midview
2. Detailed control plan spatial distribution of land regional climatic environment, such 1 - 50 km
3. Urban design classification, control of urban as determine the wind
form such as green space and compensation, the role of space
natural vegetation, etc.
Neighborhood 1. Detailed construction Urban form control, building Define the characteristics of the Micro
Scale planning height and street width, building  climatic environment of streets and 10 - 1000 m

2. Urban Street design

orientation control, green space  building groups to improve the
and leisure land distribution, etc.  outdoor comfort of neighborhoods

Building Scale 1. Architectural design ~ Single building form, orientation Enhance outdoor comfort of Micro
scheme control and surrounding open buildings and optimize 0-100 m
space control energy-saving building design
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Figure 1. Climate simulation and evaluation operations path (created by the authors).

light environments are simulated, and the factors causing the unfavorable points

are identified and analyzed together with the spatial pattern of the scheme and

the surrounding environment, and the accuracy of the evaluation results is veri-

fied through on-site measurements, and finally, targeted recommendations are

made for the tested area.

At the same time, climate simulation and assessment of urban built-up areas

can be carried out throughout the whole process of urban planning and archi-

tectural de-sign: pre-planning, scheme design, evaluation and optimization, and

post-evaluation, which can clarify the design conditions, propose design strate-

gies, optimize the design scheme, and improve the built-up environment, specif-

ically including the following processes.

Pre-planning: The analysis of the pre-planning relies on urban climate maps,
meteorological data, etc., to clarify the climate design conditions from the
site’s location conditions and internal environment, and to propose corres-
ponding climate design suggestions. This process is mainly conducted by
government departments and program planners.

Scheme design: according to the site surrounding climate environment,
modeling of the site and its surroundings, exploring the distribution of the
current wind and thermal environment of the site with the help of climate
simulation software, identifying the unfavorable points, and further propos-
ing design strategies in spatial form, building skin, greenery and water bo-
dies, urban substrate, etc. The process is applied to the design of building
monoliths or urban renewal projects, which are implemented by design units.
Evaluation and optimization: The analysis of the design plan is focused on
the future prediction, from the plan itself, to find out the climate weaknesses

to be corrected, to assist the plan to build a better climate environment. In
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addition, the design solution needs to get the feedback from the actual mea-
surement after the completion, to confirm the scientificity and validity of the
ideal model deduction and form a closed loop of path optimization.

e DPost-assessment: The post-assessment focuses on the analysis of the current
situation, from the external influencing factors, using scientific simulation to
explore the impact of the surrounding urban morphology changes on the re-
gional climate environment; from the internal influencing factors, more with
the actual measurement experiments to analyze the regional environment,
and extrapolate to the spatial morphology of each microclimate point, green

bodies of water, substratum materials and other detailed control elements.

3. Results

We developed four cases at different scales in the city of Shanghai, aiming to
demonstrate how each case contributes to the overall solution of the problem. It
is important to note that this analysis is not an example of the platform we are
proposing. Instead, its objective is to provide evidence of the importance of de-

veloping such a platform.

3.1. City Scale: Evaluation of Ventilation Potential in Shanghai

Urban climate maps can be used to simulate and evaluate the climate environment
at an urban scale, identifying weak areas such as urban heat islands, static wind
zones, pollution hotspots, etc. This information can then be used to develop urban
design guidelines and best practices to guide urban planning and design.

The wind in cities is influenced by numerous factors such as subsurface mor-
phology, building density, height, water systems, and green space coverage. In a
simulation study of the ventilation potential of Shanghai’s downtown area, we
evaluated four indicators: building density, height, water coverage, and green
space coverage, with the help of meteorological station observation data and
vector map data combined with subsurface conditions.

The study revealed that the ventilation potential of Shanghai’s central city is
better than the west, with the periphery being better than the center. The Pu-
dong area showed the best ventilation potential, especially the southeast side
with more undeveloped land and more farmland, green land, water systems,
low-rise factories, and multistorey residential buildings.

The ventilation potential is low in the Puxi area, especially in and around the
“V” shaped area on the opposite bank of Lujiazui. The high-density, high-rise,
and super high-rise buildings in the area, coupled with a lack of large green areas
and water systems, lead to poor ventilation potential. These areas experience low
wind speeds all year round, with the Xuhui weather station recording a signifi-
cant decrease in wind speed year after year, as demonstrated in Figure 2.

The study of the ventilation potential (Figure 3) of the downtown area of
Shanghai provides guidance for subsequent development in Shanghai. For new

development projects, relevant development indicators must be strictly
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Figure 3. Ventilation potential of down Shanghai (2-a), and its influencing factors such as subsurface morphology represented by

building density (2-b), height (2-c), water systems (2-d), and green space coverage (2-e).

controlled, and wind environment measurement should be introduced as a link
to prevent damage to the regional wind environment. For old city transforma-
tion and urban renewal areas, opportunities of demolition and transformation
should be seized to prioritize planning and design solutions that improve the
urban wind environment. Ultimately, optimizing the urban wind environment
and protecting the urban ecological environment can be achieved.

This case study serves as an example of the relevant data and actions needed
to assess urban conditions on a larger scale. By conducting such an assessment,
policymakers can determine the areas and approaches that require attention for
both developed and expanding urban areas. Although our case study only pro-
vides an initial diagnosis of the city, a comprehensive model covering all plan-
ning stages could, for example, calculate the overall climate impact of developing

a specific area on the entire city.

3.2. Region Scale: Evaluation of the Wind Environment along the
Yangpu Riverfront in Shanghai

The simulation and assessment of the regional-scale climate environment aim to

identify potential weak points, vulnerable materials and details, and analyze
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them from a planning perspective. Urban design techniques such as urban
layout and building form can then be used to optimize and improve these weak
points, providing new perspectives and pathways for the optimization of the ur-
ban climate environment.

A case study of the wind environment at the Yangpu Riverfront was con-
ducted, focusing on a 2 km * 3 km high-density area containing a headquarters
office and cultural and creative community in the middle section of the project.
Most relevant results are shown in Figure 4.

The study found that during summer, the wind speed inside the plot is low in
the middle part of Yangpu Riverfront, which is not conducive to evapotranspira-
tion. In winter, the wind speed at the southeast entrance is high, which is not
conducive to thermal comfort. Additionally, the compact layout on the west side
of the site may not be conducive to the dissipation of harmful gases due to in-
creasing traffic and exhaust emissions. Figure 5 showcases potential designs that

take advantage of the previous diagnosis.

3.3. Neighborhood Scale: Climate Simulation Evaluation of Cao
Yang First Village, Shanghai

Before initiating t he planning and design of an urban renewal project, it is crucial

to conduct a pre-assessment to analyze the microclimate and thermal comfort
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Figure 4. Wind speed of case site in summer (left) and winter (right), a simulation by WinAir, plugin unit of Ecotect, a CFD Software.

DOI: 10.4236/cus.2024.121004

77 Current Urban Studies


https://doi.org/10.4236/cus.2024.121004

B. De Ruschi et al.

V”90
2
©,
Ror
VANCHENG
EDISTRICLEyinitncpe
YINHANG
® RESIDENTIAL
DISTRICT
BR1T
Parque forestal
A de Gongging
3 HEERFNARE
S
2 o
B g
2 g
ICUN 2 “’a
Hchug;«qpuN_ z
ANG SE
eVl i |
A7 o
- = | 09Yin]usTun|s===""
,d <
idan H \\
e \
CHANGBAIXINCUN
RESIDENTIAL DISTRICT
KB
N
3 N
wot \
" KONGJIANG R N '
i @ Fuxingdao
RESIDENTIAL \
A\ DISTRICT \
\ il

\ DINGHAI ROAD

\ RESIDENTIAL

\ DISTRICT
TE B

9 SHUANGYANG
\\“\NEW\yLLAGE
\\‘;&‘E:%ﬂa

g
<
&

%
2}
=3 Gaogiao Port
)
©
2
z
)

e PO
River/Land Breezes River/Land Breezes \/

=y (=

Figure 5. Overview of design solutions in the riverside block and location of the site.

conditions of the project. This pre-assessment can serve as a guide for planning
and designing the project. Cao Yang Yicun, located in Putuo District, Shanghai,
falls under the fourth category of historical protected buildings in Shanghai. In
2019, Putuo District launched a comprehensive restoration plan to renovate the old
neighborhood, with one of its objectives being to improve the climatic conditions.

For this purpose, a climate environment simulation study of Cao Yang Yicun
was conducted, by modeling the neighborhood characteristics such as buildings,
vegetation, water bodies and pavement types, and conducting quantitative si-
mulation and analysis with the help of Envimet software.

Simulation results are showcased in Figure 6. The streets of Cao Yang Yicun
follow the dominant wind direction, but the row layout in the block is poorly
oriented to the dominant wind direction, and most of the area is a low wind area
or even no wind area. Moreover, the buildings in the block are low and widely
spaced, and there are large open spaces, which makes the internal thermal com-
fort distribution poor. The street trees on both sides of the street are well distri-
buted, so that the microclimate and thermal comfort at the street are well distri-
buted. The better ecological conditions of the block improve the overall air tem-
perature of the block and improve the microclimate and thermal comfort to a
certain extent. However, the space within the block needs to be improved in a
focused manner.

There are two types of unfavorable spaces in the neighborhood. One is the
unfavorable point of wind speed where the blocking effect on wind is strong.
One is the open space that is subject to a greater degree of solar radiation. Cao
Yang First Village is mostly old houses with cultural value, so it is not advisable
to change the buildings too much. Therefore, only some of the unfavorable wind
speed points in the neighborhood are opened to improve the ventilation capacity
of the neighborhood. In the improvement of the neighborhood space, the scale
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Figure 6. Mean radiation temperature (Left, 5-a) and Sky View Factor (Right, 5-b) for

Caoyang Yi Cun Village, a simulation by ENVI-met software.
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of open space should be reduced, and the shaded area of the neighborhood
should be increased by arranging trees and grass to improve the open space in
the status quo. In addition, the block pavement type should be improved appro-
priately. Therefore, the microclimate simulation analysis of Cao Yang Yicun can
be used as a pre-analysis stage in the urban renewal process to provide a basis
and strategic guidance for the subsequent urban renewal.

In conclusion, before starting any urban renewal project at the neighborhood
scale, a pre-assessment to analyze the microclimate and thermal comfort condi-
tions is crucial. This analysis can guide the planning and design of the project.
The case of Cao Yang Yicun in Shanghai demonstrated that modeling the
neighborhood characteristics and conducting quantitative simulation and analy-
sis can identify the unfavorable spaces that need improvement, such as the areas
with low wind speed or high solar radiation. Improving the ventilation capacity,
reducing the open space, increasing the shaded area, and improving the pave-
ment type are some of the strategies that can be implemented. The microclimate
simulation analysis of a neighborhood can serve as a basis and strategic guidance

for subsequent urban renewal projects.

3.4. Building Scale: Shanghai Xujiahui Center Area Simulation
Evaluation

Including climate assessment in the evaluation of design options for new urban
areas is an effective way to reduce negative impacts on the urban environment
and improve outdoor comfort. In the study of climate environment simulation
assessment of Xujiahui central area, a 1 km x 1 km test area containing Shanghai
Jiaotong University Xujiahui campus, commercial land in Xujiahui business dis-
trict, and surrounding residential land was selected (Figure 7). This area is in
the center of the urban heat island and suffers from a local urban canyon effect
and screen effect due to the existing planning layout. Furthermore, the heavy
traffic flow around Xujiahui business district makes it difficult to dissipate the
exhaust pollution from vehicles, leading to increasingly severe air pollution.

The test model analyzed four phases from 2002, 2009, 2017, and post-2017 to
understand the evolution of the climate environment around the campus and
the impact of the new Xujiahui Center on the climate environment.

The evolution of the site is summarized in Figure 8. To the southeast of the
site is the Grand Gateway 66 Plaza, completed in 2006, and the Xujiahui shop-
ping district, completed in 1998, which has several commercial and office build-
ings over two hundred meters in height. To the south of the site, the 370-meter-
high Xujiahui Center will be built. The test model was selected to analyze four
phases from 2002 - 2009 - 2017 - post-2017 to analyze the evolution of the cli-
mate environment around the campus, focusing on the impact of the new Xu-
jiahui Center on the climate environment.

Comparing summer ventilation simulations between 2002 and 2017, it was

found that the completion of the Gateway Plaza in 2009 had a negative and
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Figure 8. Construction and demolition information during 2012-2017.

significant impact on the wind environment on campus. Therefore, it is crucial
to perform an ecological analysis of any new building to assess its impact on the
local urban climate of the surrounding environment. Different design options
can be compared and ranked to select the best one. For instance, building three
high-rise buildings on the south side of the campus, with heights of 370, 180,
and 160 meters, significantly improves wind speed on the campus according to
simulation results. Additionally, Figure 9 shows that comparing the wind envi-

ronment with 3D visual form provides more visual evidence for planners.
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Figure 9. A visual comparison of the wind environment in summer (June-August) at 1.5 meters, a simulation by

WinAir, plugin unit of Ecotect, a CFD Software.

4, Discussion and Conclusion

This study addresses the problem of the implementation gap in the urban cli-
mate spectrum, which refers to the disparity between the solutions available to
solve weather-related problems and the scarce implementation of these solu-
tions. Our hypothesis is that this is due to the lack of platforms (which we refer
to as climate maps based on previous literature) that assist stakeholders in un-
derstanding the problem and making informed decisions.

Our analysis of the literature on this topic demonstrates how far we are from
such a platform. There are no studies that analyze the problem comprehensively,
specifically including the dimensions of time and scale. In Part 1, we defined
some of the conceptual characteristics of the platform around these two dimen-
sions, and in Part 2, we analyzed case studies at different scales.

Through the case studies, we attempted to demonstrate the complementarity
of different scales in addressing the problem. In fact, only by considering the
various scales can all necessary elements for improving the urban climate be
brought into play:

o City scale: zoning, new development, wind corridors

¢ Regional scale: public spaces, wind corridors, water resources, greenery, and
colors

e Neighborhood scale: building shape, color

¢ Building scale: shape, shading, color

It is important to note that this analysis does not exemplify the platform that
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we advocate for, but rather aims to provide supplementary proof of the impor-

tance of creating such a platform. However, there are limitations to our study:

e None of the case studies covered all stages.

o Although all case studies were in Shanghai, the relationship between each of
them was not fully exploited.

e We focused on wind simulation. Although this decision is not arbitrary since
literature shows it to be one of the most important variables, a comprehen-
sive climate map should consider more variables.

Despite these limitations, we believe that the arguments presented in this pa-
per are sufficient evidence for governments and other institutions to begin
working immediately on constructing climate maps.

One last point worth emphasizing is that of mainstreaming (Runhaar et al.,
2018), which we already discussed in the introduction. Our paper highlights the
significant resources required to build climate maps comprehensive enough for
effective decision-making. We believe that only by setting global guidelines and
unifying the efforts of all cities under shared criteria can we effectively tackle

urban climate problems.
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