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Methodology

Brief overview on Marine Heatwaves (MHWs)
Marine Heatwaves (MHWs) are defined as high-impact events in which the sea surface

temperature (SST) stays above a climatological threshold (> 90th percentile) for at least five

consecutive days [1]. MHWs can be caused by a range of atmospheric and oceanographic

process, such as air-sea heat fluxes, sea surface temperature fronts and climatic modes (e.g.

ENSO, AMO) [2]. Due to climate change and ocean warming, MHWs has intensified its

frequency and intensity over the past years [3]. From 1925 to 2016, the global average

frequency of marine heatwaves rose by 34%, while their average duration increased by 17%,

leading to a 54% rise in the total number of annual marine heatwave days worldwide [4], as

well as its impact on coastal habitats.

Motivations
SW Atlantic harbors important coastal endemic species, where monitoring and conservation

efforts are still under development for ensuring the health of their ecosystem and securing

marine biodiversity under climate change. In particular, SW Atlantic corals seem less

susceptible to heat stress, where predictability of bleaching events based on temperature is

not as accurate as worldwide [4]. However, recent MHWs occurrences over Brazilian coast

had lead to major coral bleaching and mortality episodes, threatening reef conservation in

the region [5]. Here we share our progress towards a high-resolution (1km) and long-term

(1985–2024) inventory of MHWs along the SW Atlantic habitats, aiming for improving the

understanding and impacts of those events over 7 major coastal habitats.

Results

Study area

Composite long-term SST product from
NOAA Coral Reef Watch (CRW) daily global
5km [7] and GHRSST MUR daily global 1km
[8].

Extraction of SST time-series from 1985–
2024 for more than 100,000 reef sites
within 8 major coastal habitats following
Magris et al. (2021) mapping [6]: Mesophotic
reefs, Rhodolith beds, Rocky shores,
Byrozoan reefs, Coral reefs, Halimeda
banks, Kelps and Seagrass Meadows.

Identification of SST anomalies above 90th

percentile during ≥ 5 days (Hobday et al. 2016)

2. Most severe MHW event by its Cumulative Intensity (°C days) per marine ecoregion

3. Percentage of total habitat area under a positive (increasing) MHW trend

Downscaling and bias correction 
from NOAA CRW to GHRSST 
MUR.

Towards a High-Resolution Inventory of Marine Heatwaves Over 
Coastal Habitats in the Southwestern Atlantic Ocean

(A) Frequency (C) Max. Intensity

(B) Duration

Year Season Habitat
Duration

(days)

Avg.intensity

(°C)

Max. intensity

(°C)

Cum. intensity

(°C days)

Int. variability

(°C)
Category

SPSP 2023 Spring
Mesophotic 

reef
129 1.41 2.44 181 0.49 Severe

AMZ 2023 Winter
Mesophotic 

reef
220 1.17 2.24 257 0.35 Severe

FNA 2023 Autumn Rhodolith bed 124 1.49 2.56 185 0.44 Severe

NST 2021 Winter Coral reef 168 1.30 2.14 218 0.33 Strong

TMV 2009 Spring Rocky shore 178 1.47 3.08 261 0.42 Severe

EST 2019 Summer Rhodolith bed 192 1.46 2.15 281 0.32 Strong

SEST 2019 Summer Rhodolith bed 143 2.02 5.52 289 0.70 Severe

RGR 2017 Winter Seagrass 93 1.92 2.79 178 0.50 Severe
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(B) MHWs frequency per year

(E) MHWs frequency per habitat

R2 = 0.96
Bias = 0.01
RMSE =
0.67

Validation of composite SST
against in situ data (PNBOIA)

1. The average frequency of MHWs 
events per year were variable, but 
at least one event was observed 
every year at each ecoregion and 
habitat. The heatmaps per year (B) 
also indicate a potential increasing 
trend in the number of MHWs per 
year. 2. Most severe events were 
mainly concentrated in the last 
decades (2009–onwards), 
indicating not only a positive trend 
in MHWs frequency, but also an 
increase in its severity.
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(C) MHWs frequency per season
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1.  Frequency (No. per year) of MHWs over SW Atlantic coastal habitats

3. The linear regression trend at 0.05 p-value 
significance confirmed that the frequency of MHWs 
events is increasing for almost all coastal habitats (A), 
reaching values close to 90% of their total area.

However, significant positive trends for MHWs Duration 
(B) and Maximum Intensity (C) can also be seen. 
Particularly, Seagrass Meadows showed the highest 
percentages of total area (%) being impacted by those 
positive trends for all three attributes. 

We hope that this inventory will a valuable resource for 
the scientific community, as it will enable analysis of the 
impact of MHWs on the evolution and conservation of 
SW Atlantic coastal habitats over the past four decades.
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