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Abstract: Legislation can influence the Heat
Island effect of cities. Urban geopolitics
addresses questions about plans and projects
for the city, as well as direct action on the
territory. Considering the territorial extension
and population density of the city of Sao
Paulo, the climate impact on urban plans
is paramount for the inhabitant. This study
seeks to systematize information obtained
from research that allows identifying the state
of the art related to planning and the urban
heat island of the city of Sao Paulo, including
the area where the Mirante de Santana
Meteorological Station is installed, due to its
historical and to the threat of interference
in their physical space. The bibliometric
mapping and organization of sample research
data made it possible to understand the
relevance of legislation in the form and use of
urban land while also suggesting the carrying
out of more studies on the topic.

Keywords: Urban Policy, Heat Island, Sao
Paulo.

INTRODUCTION

The municipality of Sao Paulo (SP, Brazil)
has a population of 11,253,503 people
distributed unevenly across 1.521,202 km? in
length, with an average demographic density
of 7,398.26 inhabitants/km® (IBGE, 2017).
Brazilian legislation provides for the creation
of a master plan for cities with more than
twenty thousand inhabitants, according to
the City Statute, in the Public Policy chapter
(BRASIL, 2008). This way, the Strategic
Master Plan (PDE) of the municipality of
Sdo Paulo, published in 2014 (SAO PAULO,
2015), allows organizing the city’s growth and
the urban instruments that act on the urban
form from 2014 to 2029.

The review of the PDE for Sao Paulo, which
was supposed to take place in 2021 to align
goals, was postponed to 2022-2023 due to
the Covid-19 pandemic, and the Plan was

approved by the City Council on June 26,2023,
on Monday voting. The 2023 review aims
at greater verticalization of the city and the
expansion of the radii of the Urban Structuring
Axes, opposing the incentive for walkability/
active mobility, threatening, in particular,
the main meteorological measurement point
located in the north of the municipality,
Mirante de Santana Station, belonging to
INMET (CALEJO, 2023; HONORIO, 2023).
The utilization coefficient defines the
potential built area on each lot and is
established by the PDE and Municipal Zoning
(SAO PAULO, 2015). The current fiscal
and urban incentive (updated PDE) for the
verticalization of areas up to one kilometer
away from subway stations and those located
up to 450 meters from bus lanes will promote
the change of all urban canyons served by
transport in an area larger than planned for
a walkable city (GEHL, 2013; SANTORO et
al., 2023), thus intensifying the use of cars,
as the distance between housing and public
transport was increased, and the emission of
greenhouse gases into the atmosphere.
This idea also implodes the linking of the axis
to the incentive of active modes of mobility,
since the smaller radii (up to 450m or 600m
depending on the mode) kept a logic of

travel possible on foot or by bicycle to the
stations. (SANTORO et al., 2023, s/p.).

The PDE review also addresses changing
the height of buildings around Mirante de
Santana with a view to verticalizing the
region. Castelani (2023) mentions that such
an initiative will result in the loss of historical
parameters and will influence urban planning,
which depends on climate monitoring,
according to experts in the field. The station
follows international parameters, making it
part of the UN global meteorological agency
network. According to Castelani (2023),
municipal legislation from 1971 defines the
height of the viewpoint as the maximum
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gauge (maximum height of buildings) around
the measuring point.

This issue shows the geopolitical nature
of the topic, influencing not only data and
plans for Sdao Paulo, but also the reading of
global data due to the international nature
of the measurement center. Another point
that raises this relationship is highlighted
by Santoro et al. (2023) when reporting the
absence of the topic of expanding the radius of
influence of the Axes of Transformation in the
public hearings on the review. Therefore, the
criticism about the production of urban space
is supported by Carlos’s (2004) description:

[...] The space production process reveals
ways of approaching social reality, a product
modified by the experience of the place, and
from there in its relationship with the world,
a multiple relationship of sensation and
action, but also of desire, as a consequence
of identification with the projection onto the
other. [...] These are places, that man lives

within the city that relate to his daily life and
way of life [...] (CARLOS, 2004, p.51).

The urban heat island, generated by human
action, is intensified by built density and
population concentration, and corresponds to
the difference in temperature between urban
and rural areas (OKE, 1973). The Climate
Action Plan of the city of Sdo Paulo (SAO
PAULO, 2022) - Plan Climate was prepared in
response to the city’s commitment to the Paris
Agreement and the C40 group.

Although it foresees actions to eliminate
carbon emissions, raise awareness about
climate change and qualify green areas,
there are no specific measures for the Urban
Transformation Axes in the Plan. This fact
raises a geopolitical discussion (MATTOS,
1975; CARLOS, 2004). Based on the above,
this study aims to systematize scientific
information that demonstrates the need to
consider the effects of the Sdo Paulo heat
island on the PDE.

The method used to verify the state of the

art on the urban heat island and the planning
of the city of Sao Paulo corresponds to the
list of articles on Web of Science and Google
Scholar, with the creation of bibliometric
maps to identify the correspondence between
the articles. After this stage, articles aligned
with the theme were read and selected and
organized into a table summarizing the
information obtained in each study. A survey
of studies covering the Mirante de Santana
Meteorological Station was also carried out.

The research results demonstrate, through
bibliometric mapping, the 20 keywords and
the 23 most representative references within
the sample of 47 articles, making it possible
to understand the choice of terms and the
overview of the theoreticaland methodological
bases used by the authors. Fifteen selected
articles report that urban form and the height
of buildings influence the Urban Heat Island
in Sdao Paulo, which can be intensified by
anthropogenic heat and the energy source
used. Urban planning, (SAO PAULO, 2022),
has the function of adapting urban growth and
the heat island effect. With this, we consider
the arguments presented by Carlos (2004)
about urban space being a condition, means
and product of human action, exposing the
need to discuss this topic. The research results
present the need to consider the territorial
relationship surrounding Mirante de Santana
and its influence on climate studies in urban
planning.

MATERIALS AND METHODS

The method applied consists of verifying
the state of the art regarding the socio-
environmental impacts of the heat island in
Sao Paulo, through bibliometric mapping
and recording research results. The search
for articles published on the study topic
was carried out on the Web of Science page,
using the terms “heat island”, “Sao Paulo” and
“plan*”, resulting in the initial selection of 47
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articles. The same terms were also searched on
the Google Scholar page in order to consider
the national panorama, resulting in a sample
of 3,750 articles, demonstrating the relevance
of the topic in texts written in Portuguese.

The search for studies that use the Mirante
de Santana station to collect meteorological
data was carried out on Google Scholar. The
bibliographic survey using the name “Mirante
de Santana” resulted in 273 articles, the low
number (three) of results found in the Web
of Science about this meteorological station
made statistical analysis of the data and
bibliometric mapping unfeasible.

The bibliometric mapping carried out by
the free VOSViewer program for manipulating
data (scientific publications) allows the
analysis of the co-occurrence of keywords
and the co-citation of references cited in
studies collected on the Web of Science page.
The analysis of these relationships makes
it possible to understand the quality of the
sample’s basic bibliography and its relevance.

After creating the bibliometric maps, a
refinement was carried out within the sample
already selected. Due to the fact that the city
and state of Sao Paulo are homonymous, some
selected studies do not present data about the
municipality. Four articles were discarded
because it was not possible to access them or
because they did not belong to the topic. The
final selection resulted in the identification of
15 studies related to geopolitics and the heat
island in the city of Sdo Paulo. This selection
was organized in a table containing author,
article title, year of publication, magazine
and main results related to the topic studied.
The synthesis of information obtained in the
selected studies aims to understand the state
of the art regarding the socio-environmental
impacts of the heat island in Sao Paulo.

RESULTS AND DISCUSSION

The search on Web of Science resulted

in 47 articles related to the research topic,
which were analyzed through bibliometric
mapping carried out with the free VOSViewer
program. The co-occurrence of keywords in
the articles demonstrates that studies added
new terminologies over the years, as indicated
in Figure 1. The use of the term “local climate
zones” stands out in the period 2020, and this
definition was established in the literature
by Stewart and Oke (2012). Other study
techniques on the topic, such as “simulation”
and “model’, are part of the keyword sample.

Terms such as “urbanization’, “urban” and
“city” are present throughout the analyzed
period, however, terms related to urban
planning are not found, which raises the
discussion proposed by Carlos (2004) about
the need for criticism and questioning relating
to the geopolitics of the city of Sdo Paulo,
through strategic plans and legislation.

Issues relating to the Urban Climate
System - S.C.U. (MONTEIRO, 2021) are
associated with the terms “sea breeze’, “heat
island” and “urban climate”. More specific
issues of the study site, such as “temperature’,
“cover”, “surface temperature” and “climate”
are highlighted in different years. The
incorporation of the term “vegetation” as a
keyword is more recent, dating from 2021,
according to the mapping carried out.

The analysis of the co-citation of references
cited in studies allows us to understand which
authors are most important for the discussion
of the topic. Figure 2 summarizes this
information and allows us to identify four lines
of study established through the difference in
colors. Line 1 — pink — comprises eight articles
published from 1987 to 2020. Line 2 - green -
presents six studies from 1978 to 2017, some
of which address specific municipalities. Line
3 - purple - is marked by the study of Local
Climate Zones between 1973 and 2014, with
five articles. Line 4 - lilac — has four articles
from 1982 to 2010 that address the mesoscale
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Figure 1: Bibliometric mapping of keyword co-occurrence between 2017 and 2022. Source: Own authors,
2023.
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Figure 2: Bibliometric mapping of co-citation of cited references. Source: Own authors, 2023.




and the energy issue associated with the heat
island.

The bibliometric map in Figure 2 indicates
the presence of common references in the 47
selected articles, such as studies by Lombardo
(1985), Freitas (2007) and Amorim, Dubreuil
and Cardoso (2015), which deal with the
urban climate in specific municipalities.
Arnfield (2003) reviews aspects related to the
heat island, including energy, and Masson
(2000) analyzes the urban form of mesoscale
models and flow. Stewart and Oke (2012)
address a classification system to study the heat
island according to urban configuration. This
way, such studies address the anthropogenic
influence on the climate and the need to adapt
the urban form to obtain the energy balance
appropriate to thermal comfort.

The refinement of the article review,
selecting only studies focusing on the city of
Sao Paulo, made it possible to record the results
of 15 studies. At this stage, articles that did not
focus on the metropolitan region of Sao Paulo
were discarded. The information regarding
the publication of the articles and the main
scientific results obtained in each study were
organized and are shown in Table 1. Such
data enable the identification of bibliographic
references used in the discussion of the
planning of the city of Sao Paulo in relation to
the urban heat island.

The analysis of the state of the art regarding
studies on urban heat island in the city of Sao
Paulo allows us to visualize the scenario of
publications related to the topic in several
aspects. Of the selected articles, the oldest
dates back to 2009, a fact that may be related to
the absence of digitalized and, therefore, older
physical articles on the topic. There is a greater
number of publications in 2019 (four articles)
and 2021 (three articles). The publications
are not concentrated in a specific journal,
with scientific journals being associated with
the methodology used in each study. Graph

1 shows this relationship between year of
publication and number of articles published.

In Graph 2, when comparing the main
theme of each study, we identified that 34%
of the sample (five studies) address aspects of
urban form, urban growth or land use to study
the Heat Island. Vegetation is addressed in 27%
of the sample, in four studies. The other topics
raised, such as urban infrastructure planning,
sea breeze and identification of pollution and
surface temperature, each represent 13% of
the total.

Data collection to verify the state of the art
regarding Mirante de Santana included 273
articles, some of which were related to the local
effect of climate change, which was carried
out by analyzing the historical air temperature
series observed at the meteorological station.
One of these articles corresponds to the
bibliographic review carried out by Marengo
et al. (2020) on the trend of extreme rainfall in
the metropolitan region of Sao Paulo since the
beginning of observations at the station, in
1945, at Mirante de Santana. The authors also
present projections of hydrological disasters
and report the increased risk in vulnerable
areas, thus assisting urban planning based on
a historical series.

FINAL CONSIDERATIONS

The research results show that current
legislation superficially addresses the issue
of the urban heat island effect in the city of
Sdo Paulo. According to the bibliography
consulted, the effect of the urban heat island
may intensify if mitigation and adaptation
policies are not applied in the urban area
of Sao Paulo. The little association between
politics and the urban environment harms
the population’s quality of life. Based on the
studies analyzed, there is additionally a need
to preserve the urban conditions of the area
surrounding Mirante de Santana, with the
height of buildings lower than the height of
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2009

Authors: Mendonga, Magaly; Lombardo, Magda A.

Periodical: " REVISTA DE GEOGRAFIA NORTE GRANDE"'

Title: Urban climate of subtropical coastal Atlantic cities: the case of the Florianopolis conurbation

Results: The authors carry out a comparison between the cities of Florianopolis and Sao Paulo. As a reflection of the urbanized
area and the different land uses in the city of Sao Paulo, the horizontal temperature gradient between urban and rural areas
is greater than 10 °C, in stable weather conditions.

2012

Authors: Backman, J.; Rizzo, L. V.; Hakala, J.; Nieminen, T.; Manninen, H. E.; Morais, F; Aalto, P. P; Siivola, E.; Carbone, S.;
Hillamo, R.; Artaxo, P,; Virkkula, A ; Petaja, T.; Kulmala, M.

Periodical: ATMOSPHERIC CHEMISTRY AND PHYSICS

Title: On the diurnal cycle of urban aerosols, black carbon and the occurrence of new particle formation events in springtime
Séo Paulo, Brazil

Results: The authors analyze the diurnal cycle of particulate pollution in the spring in the city of Sdo Paulo. The conclusions
demonstrate that the air mass is more stagnant in the early hours of the morning, according to the PBL model. This fact
worsens the air quality during this period. During clear sky conditions the heat island effect affects the measurement and
there is a change in wind direction towards the edge of the city. According to the survey, the RMSP can be compared with
Mexico City in terms of population density and particle concentration.

2013

Authors: Monsalves-Gavilan, P; Pincheira-Ulbrich, J.; Rojo Mendoza, E.

Periodical: ATMOSPHERE

Title: Climate change and its effects on urban spaces in Chile: A summary of research carried out in the period 2000-2012
Results: The study includes a literature review on urban climate studies. The city of Sdo Paulo is reported in five referenced
works. The conclusions of the survey make it possible to affirm that the incorporation of vegetation can mitigate heat waves
and that urban land use and urban planning must be more adaptable to climate change.

2016

Authors: Vemado, Felipe; Pereira Filho, Augusto José

Periodical: ADVANCES IN METEOROLOGY

Title: Severe Weather Caused by Heat Island and Sea Breeze Effects in the Metropolitan Area of Sao Paulo, Brazil

Results: The authors highlight the effect of sea breezes in the metropolitan area of Sdo Paulo. With the constant growth of the
urban area over the decades, urban heat intensified precipitation and accumulated rain.

2017

Authors: Morais, Marcos Vinicius Bueno de; Marciotto, Edson R.; Urbina Guerrero, Viviana Vanesa; de Freitas, Edmilson
Dias.

Periodical: URBAN CLIMATE

Title: Effective albedo estimates for the Metropolitan Area of Sao Paulo using empirical sky-view factors

Results: The authors study the Sky View Factor (SVF) of the city of Sdo Paulo. Albedo, related to the emissivity of materials,
can contribute to intensifying or mitigating the Urban Heat Island. The height of buildings and materiality can influence
these factors.

2018

Authors: Flores Rojas, Jose L.; Pereira Filho, Augusto J.; Karam, Hugo A.; Vemado, Felipe; Masson, Valery.

Periodical: BOUNDARY-LAYER METEOROLOGY

Title: Effects of Explicit Urban-Canopy Representation on Local Circulations Above a Tropical Mega-City

Results: The authors analyze the effect of sea breezes in the metropolis of Sdo Paulo. They conclude that wind speed is reduced
by the urban roughness of the Sdo Paulo metropolis. In specific cases, the decrease in wind results in increased transport of
moisture to upper layers of the atmosphere through sea breezes. The authors compare the city of Sdo Paulo to a semi-desert
canopy due to the suppression of rainfall.

Authors: Prata Shimomura, Alessandra Rodrigues; Ferreira, Anderson Targino.

Periodical: PLEA

Title: LCZ in Metropolitan Regions: Surface Temperature in Urban and Rural Areas

Results: The study carried out in the macro-region of the city of Sdo Paulo presents the mapping of Local Climate Zones,
identifies the Surface Heat Island (LST) and classifies the heat island. The authors conclude that the LST is 2.5°C higher in the
RMSP than in the rural area due to urban area.




2019

Authors: Bender, Andreia; Freitas, Edmilson Dias; Toledo Machado, Luiz Augusto.

Periodical: CLIMATIC CHANGE

Title: The impact of future urban scenarios on a severe weather case in the metropolitan area of Sdo Paulo

Results: The urban structure functions as a heat reservoir. The authors consider the Strategic Master Plan of Sdo Paulo to
estimate the projected growth of the urban area of the metropolitan region for 2030. And, based on the projected urban
area, they verify the impacts on the atmosphere through the use of a numerical model (BRAMS). The results show increased
atmospheric instability and wind shear. The urban area and building height are also associated with an increase in storms.

Authors: Collago, Flavia Mendes de Almeida; Simoes, Sofia G.; Dias, Luis Pereira; Duic, Neven; Seixas, Julia; Bermann, Celio.
Periodical: JOURNAL OF CLEANER PRODUCTION

Title: The dawn of urban energy planning - Synergies between energy and urban planning for Sao Paulo (Brazil) megacity.
Results: The authors talk about planning energy sources in the city of Sdo Paulo. Alternatives for reducing the impact of the
Urban Heat Island (UHI) are addressed in the text, demonstrating the alignment of the study with the urban issue. Green
areas are highlighted as an effective alternative for reducing UHI.

Authors: Ferreira, Luciana Schwandner; Silva Duarte, Denise Helena.

Periodical: URBAN CLIMATE

Title: Exploring the relationship between urban form, land surface temperature and vegetation indices in a subtropical
megacity

Results: The authors seek to define the Local Climate Zone - LCZ based on the study by Stewart and Oke (2012) for the
metropolitan region of Sdo Paulo. With this, they compare the Urban Heat Island with the presence of vegetation, through
NDVI, in the study region

Authors: Shinzato, Paula; Simon, Helge; Silva Duarte, Denise Helena; Bruse, Michael.

Periodical: ARCHITECTURAL SCIENCE REVIEW

Title: Calibration process and parameterization of tropical plants using ENVI-met V4-Sao Paulo case study

Results: The study was carried out for the city of Sdo Paulo using ENVI-met V4 to define the model calibration process. The
Urban Heat Island (UHI) presents a regional nighttime variation of 6°C to 8°C, in the coldest months (May to August). The
authors indicate urban vegetation as one of the alternatives to mitigate UHI and benefit the microclimate.

2021

Authors: Ribeiro, Flavia Noronha Dutra; Umezaki, Arissa Sary; Chiquetto, Julio Barboza; Santos, Isabel; Machado, Pedro
Gerber; Miranda, Regina Maura; Almeida, Paulo Santos; Simoes, Andre Felipe; Mouette, Dominique; Leichsenring,
Alexandre Ribeiro; Ueno, Helene Mariko.

Journal: SCIENCE OF THE TOTAL ENVIRONMENT

Title: Impact of different transportation planning scenarios on air pollutants, greenhouse gases and heat emission abatement
Results: The study shows that changes in transport planning can reduce GHG emissions and, therefore, anthropogenic heat.

Authors: Wei, Chunzhu; Chen, Wei; Lu, Yang; Blaschke, Thomas; Peng, Jian; Xue, Desheng.

Periodical: REMOTE SENSING

Title: Synergies between Urban Heat Island and Urban Heat Wave Effects in 9 Global Mega-Regions from 2003 to 2020
Results: The study addresses the magnitude of the UHI (Urban Heat Island) and heat waves in mega regions such as the cities
of Sdo Paulo and Rio de Janeiro. The authors argue that built density and urban growth in both urban areas are associated
with the intensity of heat waves.

Authors: Yamasoe, Marcia Akemi; Rosario, Nilton Manuel; Santos Martins Almeida, Samantha Novaes; Wild, Martin.
Periodical: ATMOSPHERIC CHEMISTRY AND PHYSICS

Title: Fifty-six years of surface solar radiation and sunshine duration over Sao Paulo, Brazil: 1961-2016

Results: The analyzed period of clear days and cloudy days in the city of Sao Paulo had a significant change in the spatial
domain, which contributed to intensifying the Urban Heat Island from 1980 to 2010.

2022

Authors: Nascimento, Augusto Cezar Lima do; Galvani, Emerson; Assis Gobo, Joao Paulo; Wollmann, Cassio Arthur.
Periodical: ATMOSPHERE

Title: Comparison between Air Temperature and Land Surface Temperature for the City of Sdo Paulo, Brazil

Results: The authors compare surface temperature with air temperature to identify the Urban Heat Island

Table 1: Summary of selected studies. Source: Own authors, 2023.
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the viewpoint, so that climate studies do not
show changes resulting from the new urban
planning.
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