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Collins e t al. (2019)

Hob d ay (2016)
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Motivation

Marine  Heatwave s in the  YS
• Extre me  size  o f SSTA
• Extre me  g rowth rate  o f SSTA
• Extre me  d uration of SSTA

(Le e  e t al., 2020)



A Motivating Evidence
• MHW occurs more  ofte n now than in the  p ast
• Not all strong  Q ne t trig g e re d  MHW
• Oceanic heat flux he lp e d  more  warming  e ve nts in the  p ast 

than now  
• Qne t is increasing  g rad ually with time
• In long -te rm, oceanic heat flux exp orts exce ssive  Q ne t into  

sub surface .
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Climate change and MLD

• Te mp e rature -stratification p ositive  fe e d b ack acce le rate s surface  warming

Amaya et al., 2021



June Stratification vs August Heatwaves

• Sig nificantly strong e r stratification in June  is found  p re ce d ing  MHW e ve nts in the  late r summe r 

Depth of the maximum vertical T gradient Vertical T gradient at 20m



Possible 
players 
for 
Vertical 
Stratification



Data and Methods

• NIFS DATA 1968-2020

• NCAR/NCEP reanalysis d aily wind , p re cip itation, surface  heat fluxe s

• KMA Chang ma (Monsoon Rainfall) ind ex

• O ISST

• ERSST4

• PWP (Price -We lle r-Pinke l) mod e l

1-d ime nsional ocean

T&S e q uations

Variab le  ve rtical structure  with mixing  p arame te rs



1-D Model 
Experiments
• PWP mod e l : local fitting  fo r 

mixing  p arame te rs

• Initialize d  on 1st Ap ril and  
finishe s on 30th Se p .

• Surface  ne t heat flux is p rovid e d  
for all exp e rime nts

Exp e riments SSS Wind  sp eed Initial T,S
Full raw raw raw

Sb a r d aily 
climatolog y

raw raw

Tb ar raw climatolog ical 
d aily wind  

sp eed

raw

Ib a r raw raw climatolog y



6m prediction with Apr01 IC 



Removing anomalies boosts MHWs



Removing anomalies boosts MHWs:
Ocean is preventing MHW from occurring more often

• Re m o ving  stro ng  w ind s

• Re moving  saltie r surface  wate r

• Re moving  co ld e r ICs 

Matte rs more  than

• Re moving  weake r wind

• Re moving  warme r ICs 

• Re moving  fre she r surface  wate r

Experiments MHW increase
wrt Full

Sbar 60%

Tbar 260%

Ibar 20%

Asym m e try fo und !



Gradual SST warming is not responsible for the 
local MHW occurrence

Variab le  Ap rIC

Clim ato lo g ica l Ap rIC



Early summer monsoon brings strong winds

June  Monthly Re g re ssion of SLP and  Pre cip
onto  strong  wind  days ind ex

SLP& Pre cip for 5 d ays around  
strong  wind  d ays



Summary

• MHW e ve nts hig hly d e p e nd  on the  p hysical cond itions o f the  local ocean.

• Accord ing  to  1-D mod e l exp e rime nts, ocean is found  p re ve nting  MHW from occurring  more  
o fte n.  

• De clining  d aily wind  sp e e d  in the  re g ion can b ring  more  MHW in the  future  with climate  chang e .

• Re lative  imp act o f d isturb ing  ve rtical stratification is the  strong e r with the  wind  sp e e d  than with 
the  surface  salinity fo rcing . The  early summe r d isturb ance  associate d  with East Asian summe r 
monsoon is like ly to  b e  wind -d ominate d .

• Rising  surface  te mp e rature  is no t ye t as p owe rful trig g e r as the  weake ning  wind  for MHWs.

• Since  the  oceanic cond itions fo rms we ll in ad vance , the  succe ss o f monthly o r e ve n seasonal 
p re d iction of MHW can b e  insure d  b y the  mod e ls’ p e rformance  in re p re se nting  a realistic ve rtical 
structure  o f the  local ocean.
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