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Regional divergence of extreme marine heat in Pacific Island coastal waters 
a novel high-resolution heat index as an earlier statistical signal



Recent shift ?



Recent shift ? No.



SST Baseline Shift over time?



Baseline Shift: Fewer Cold, More Hot Extremes



Extreme Heat Events Becoming More Frequent?
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High Res OISST v2.1

Need for High-Resolution SST Data in Coastal Analysis

0.25 deg ~0.05 deg

Geo-polar blended SST (level 4)



Analysis: 

533 coastal pixels.

45 islands.

40 years.





Calculating changes in frequency of extreme marine heat event
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Calculating changes in frequency of extreme marine heat event
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Calculating changes in frequency of extreme marine heat event
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Local Extreme Heat Index (LEHI) as annual 
fraction of monthly SSTs exceeding local 
thresholds (96.7th percentile, 5 × 5 km), 
relative to 1985–2014.



From 2015–2024, these locations saw 

extreme SSTs in >30% of months per year, 

versus ~once every 30 years in 

1985–2014.



Extreme marine heat events 

increased more in summer 

than in winter in these grid 

cells.



LEHI

Decadal evolution 
of extreme SST 
frequency and 
local seasonality



Regional variability in the frequency of extreme marine 
heat events (2015–2024): Top and bottom 10 islands.

Synoptic frequency of extreme marine heat events across 
U.S. Pacific Islands (n = 47) and regions, 1985–2024.





Extreme heat 
index leads 
Bleaching Alert 
or Degree 
Heating Weeks

Bleaching Alert 
or Degree 
Heating Weeks 
lead Extreme 
heat index

Are there any “correlations” and “lags” 
when comparing the Local Extreme Heat 
Index to other marine heat indices?







Can Local Extreme Heat Index applied at different spatial scales & ecosystems? 

Decadal changes in frequency of extreme marine heat events from 1980–2019. 
The color bar (0-1) represents the annual proposition of extreme heat events 
(localized extreme heat index; LEHI). Extreme heat event is defined as monthly 
SST exceeding the localized (1˚ × 1˚), monthly, 96.67th percentile of SST 
observed during 1955-1984 (CMIP6), averaged from HadISSTv1.1 and 
COBESSTv2.



Can this analysis be done with different variables? 

Local Extreme Precipitation Index? Local Extreme Wind Index?



From 2015–2024, 24.3% of U.S. Pacific 

Islands coastal waters experienced extreme 

heat—conditions that historically occurred 

only about once every 30 years.

The frequency of these events across Pacific 

regions has surged in the last decade. 

Extreme heat frequency often precedes 

other heat indices (e.g., Bleaching Alerts, 

Degree Heating Weeks), serving as an 

potential early warning signal.

US Pacific Islands Coastal 
Waters Surface 
Temperature Change, 
1985-2024
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172 Years of Pacific SST Anomalies (ERSSTv5, 1854–2025)

questions?


