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Introduction. The Metropolitan Area of Sao Paulo (MASP)
is located at a latitude of 23°21 South and longitude of 46°44
West, next to the Tropic of Capricorn, in a transition envi-
ronment between the tropical and subtropical zones, with
an altitude that varies between 718 and 1,110 meters (Lima
& Rueda, 2018). MASP is made up of a total of 39 munic-
ipalities with a population of 21,486,000 inhabitants and
a built urban area of 3,649 km2, which results in a popu-
lation density of 5,888 inhabitants’km2 (DWUA, 2023).

Climate forecasts indicate that during the 20th century, Brazil
increased its average temperature by 0.75°C. In the period from
1961 to 1991, the Metropolitan Area of Sdo Paulo (MASP)
had an increase in average temperature of more than 0.7°C in
relation to the warming of Brazil. This suggests that in addition
to global warming, there was an increase in temperature asso-
ciated with urbanization. These two heating sources converge
over the MASP and, due to the heat island effect, intensify the
extremes of high temperatures. Forecasts for the Southeast
Region of Brazil are estimated at an increase of about 2°C
in the average temperature for the middle of the century, and
an increase of up to 4°C for the end of the century. Changes
in temperature patterns will increase the frequency, intensity,
and durability of heat waves (Marengo & Camargo, 2007).

The study of urban heat island in MASP was initiated by Lom-
bardo (1985), where a value of 10°C at its maximum intensity
was revealed from a geographical approach; another meteo-
rological study indicated the maximum value as 5.5°C (Fer-
reira et al., 2012). For MASP, heat extremes are considered
when maximum temperatures exceed 32°C, since the com-
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-mon value is around 25°C (Lima & Rueda, 2018). The thermal
comfort range for MASP varies between 14°C and 26°C (Gaspar-
rini et al., 2015); temperatures above this range pose the risk of
death from diseases associated with thermal stress in Sdo Paulo.

Brief History and Context. In order to be able to deeply
evaluate the effectiveness of implementing adaptation strat-
egies to heat extremes in MASP, we must first know the dy-
namics of the hazard throughout its territorial extension.
Barros (2017), determined the scenarios for the territorial expan-
sion ofthe Heat Island in MASP for three different synoptic weath-
er conditions associated with the intensity of the atmospheric
blocking caused by the South Atlantic Subtropical High (ASAS).
According to the work of Barros (2016), the closer the ASAS
center is to the continental surface, the greater the atmospheric
blockage will be and, as a consequence, this will determine the
territorial expression of the heat island in the City of Sao Paulo.

Analysis, Evaluation, and Implementation. Barros (2017)
demonstrated that atmospheric dynamics can, on the surface,
increase the intensity of the heat island by 5°C and expands their
area in the center — periphery direction by 697%, thus the region
has three probable scenarios of the territorial expression of the
heat island with strong intensity (>8°C): A — moderate heat,
B —strong heat and C — extreme heat, as demonstrated in Figure 1.
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Figure 1. Map of heat island scenarios in MASP



The environmental risk of extreme heat over the MASP area
was evaluated by classifying the vertical values (ranging
from 1 to 2 meters) of sensible heat flux (H). This was
estimated using images from the Landsat 5 satellite’s TM
sensor, combined with field data, and applied to the SEBAL
(Surface Energy Balance Algorithm for Land) model. The
H value was edited in a Geographic Information System so
that it was classified and vectorized into four different hazard
categories: very high (H > 395W.m?), high (H between 300
and 394W.m?), moderate (H between 214 and 299 W.™?)
and low (H between 213 and > 94 W.™2). Evaluations of the
territorial distribution of sensible heat are shown in Figure 2.
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Figure 2. Map of the hazard to heat extremes in MASP.

Faced with this challenge, the Sao Paulo City Council
gained institutional power and prepared what would be the
first public document, a manifesto, for the official inser-
tion of the climate agenda as one of the priorities of pub-
lic management in the City of Sdo Paulo. According to the
institution, the Climate Action Plan of the Municipality
of Sao Paulo (2020), PlanClima SP, aims to identify ac-
tions for the municipality that support the commitments of
the Paris Agreement in 2015 (Cidade de Sao Paulo, 2020).

PanClima was prepared and coordinated by the Secretary
of Green and Environment together with C40, which insti-
tutionalized the plan through decree 60.290/2021. The City
of Sdo Paulo currently has a Municipal Climate Change
Policy, established by law 14.933/2019, with the topic in-
stitutionalized through the creation of the Executive Sec-
retariat for Climate Change (Cidade de Sao Paulo, 2020).

Conclusion. The topics of heat extremes, heat waves, and heat
islands, together with the climate adaptation plan, have been
culturally inserted into society as a public health issue, with its
monitoring and dissemination carried out by the Management
Center of Climate Emergencies of the City of Sdo Paulo. How-
ever, the climate adaptation agenda addressing heat extremes
still requires further development as a clear proposal within
the action plan. PlanClimaSP recommends focusing on albe-
do as a strategy for cooling buildings in the future, alongside
the Municipal Tree Planting Plan and research on tree species
resilient to climate change.The Nature-based Solutions agen-
da is gaining ground, but as something yet to be developed
and far from concrete projects for immediate implementation.

The issue of heat extremes in the daily lives of citizens in
the MASP area is relatively recent in terms of political and
academic attention. However, in the municipality of Sao
Paulo, extreme heat has already been addressed in the action
plan, focusing on assessing the potential hazards and vulner-
abilities from the past, present, and future. Accompanied by
this recognition, considerations were made for the future of
the city regarding the development of adaptation strategies.

At the regional/metropolitan scale, however, it is clear that
38 additional municipalities also require the same politi-
cal and academic attention regarding studies on heat ex-
tremes and adaptation strategies. Therefore, it is essen-
tial to invest in scientific research to address this need.
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