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Air-sea interaction and the role of SST
anomaly

 How does SST interact with the " |
. ) Atmospheric front

atmospheric weather pattern over el o
the western boundary current S e, Sondeetn
reg IOn? z N ; front

» Kuroshio-Oyashio Extension (KOE)

region
* Focus on the diabatic latent heating

« Conduit for SST to impact atmosphere

* Largescale condensational vs.
convective heating * Seo et. al.

* Model resolution dependent 2023

« Comprehensive understanding of the air-sea interaction will improve the
predictability of the downstream weather pattern
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Experiment overview

45N 4 o 10-

T
1 P 4 B
[ ] . ey R R AN A i R AR R R A R K X X R e S K XSS S S A T T TT
-] r=g= N0 TRENTIE TR AuRunY
¢ Val |ab|e IeeSOIUt|O| ) CAM6 7 PR =

* High resolution over the target region .

« ~ 1/8deg North Pacific / ~1deg rest of i
globe 908

« Effectively resolve moist process that are
important for diabatic latent heating | | |
SST Forcing, 5std amplitude, 90%sig, smoothed

* Simulation period : Nov-Jan (3months)

 3-hourly output Eg%j
* Initial Condition: Nov 1st of ERA5 Nyt =
}q 1‘*— -

« 1979-2021 (43 ensembles / 1 simulation set)
 Boundary condition:

* GLORYS12 reanalysis (1/12 deg)

35°N "_J,
* Control: monthly climatology of SST/SIC E/\\/\’
« Warm: SST anomaly representing northward 140°E o0°E

shift of the SST frontal system -
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Weather timescale compos ™ s -

* Heating index composite

» Select days when two different latent
heatings over the SST forcing region

are enhanced

* Diagnose the relevant weather patterns

* From CTRL simulation

» Large-scale and convective heating occur

together

» Large-scale and convective heating occur

alone

 From WARM simulation

» Repeat the above procedure

« Compare the composite difference to
identify how SST anomaly plays a role

(a) Large-scale Heating NDJ] Climatology (CTRL)
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« Large-scale heating < Convective

»  Cloud macro, heating
microphysics + Shallow and deep
convection
* Boundary layer mixing

(b) Convective Heating NDJ Climatology (CTRL)
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Composite structure (CTRL)

» Overlapping Largescale (b) 2300 at lag day 0___
events: -
 Baroclinic circulation
structure 1
» Strong low-level cyclone -
. . —-100 0 100
« Extratropical cyclone-like 2300 [m]
structure

(d) Largescale_Q at lag day 0

e

» Large-scale heating on
the warm-side of the

cyclone 0 : 3
Largescale_Q [K/day]

(c) Convective_Q at lag day 1

S aad

» Convective heating on
the cold side of the _ .
CyCIOne Convective_Q [K/day]



Composite structure (CTRL)

« Large-scale heating-only
event

» Baroclinic, but
anticyclonic circulation

» Large-scale heating with
southerly moist wind

* No low-level cyclone
development

* No convective heating

Largescale_Q [K/day]

(g) Convective_Q at lag day 1
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Composite structure (CTRL)

« Convective heating-only
events

» Barotropic cyclonic
circulation

» Large-scale heating is
spread into the North
Pacific

« Convective heating
enhancement following
the northerly wind of the
cyclonic circulation

(j) Z300 at lag day O

Z300 [m]

(I) Largescale_Q at lag day -1
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Convective_Q [K/day]



CTRL summary

* Three different synoptic weather patterns that induces strong
latent heating enhancement over the western boundary current
region

 Latent heating enhancement depends on the circulation
structure

(j) Z300 atlag day O
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CTRL summary

* Three different synoptic weather patterns that induces strong
latent heating enhancement over the western boundary current
region

 Latent heating enhancement depends on the circulation
structure

* How would they respond to the SST an

r . ~




(e) Large-Scale Nonoverlap index

o

Response to the SST forcing

0.1 4

0

» Large-scale heating-only case .
« SST likely provided more moisture and updraft tha — largescale —— Convective

-0.2

leads to enhancement of latent heating 3 2 1 o 1 2 3

Days

« Enhancement of anticyclonic circulation \ () 300 diff, lag -1 to +1 mean

« Enhanced latent heating -> important factor for

.............

maintenance of blocking-like anticyclone (Pfahl et al. e B s — D)
2015)

 Resemblance to the seasonal mean response ~100 5 100
pattern

« Seasonal mean response to the SST forcing: prominem‘\=,_
North Pacific anticyclone

« Changes in a particular weather system -> influences
seasonal mean response

« Other latent heating event didn't much change with the :
SST




Summary from the structure of two events

Barotropic
cyclonic circulation

Baroclinic
cyclonic
circulation

Baroclinic
anticyclonic
circulation

Convective

heating \
Downstream

Large-scale & Latent heating N ifi
: > orth Pacific
Convective over KOE region circulation

heating /
Large-scale

heating

T

Warm
SST
anomaly

« Different types of weather event over the North Pacific western boundary current region
« Each pattern responds differently with underlying SST anomaly forcing
* |dentifying dynamically important synoptic weather patterns help to understand complicated climate

response to the SST anomaly
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Supplementary figures



(a) Large-scale Heating ND) Climatology (CTRL)
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(b) Convective Heating NDJ Climatology (CTRL)
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(d) Autocorrelation
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(f) Large-scale Q 3-hrly anom histogram
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(g) CTRL KOE-mean

vertical structure
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Amplitude

(a) Large Scale POS index 427events
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Amplitude [K/day]

(a) Overlap index

(e) Large-Scale Nonoverlap index

(i) Convective Nonoverlap index
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(c) Largescale_Q at lag day O
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(g) Largescale _Q at lag day 0

(k) Largescale_Q at lag day -1
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(d) Convective Q atlag day 1
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(h) Convective Q atlag day 1
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Amplitude [K/day]
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(a) Overlap index

—— Large-scale —— Convective
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(b) Z300 diff, lag -1 to +1

g X <

<4EENNNT T
—100 0 100
Z300 [m]

(c) Convective Q diff, lag -1 to +1
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(d) Large-scale Q diff, lag -1 to +1
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(e) Large-Scale Nonoverlap index (i) Convective Nonoverlap index

W d b

—— Large-scale —— Convective —— Large-scale —— Convective

T T T T T T T _0-2 T T T T T T T

-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Days Days

1

(f) Z300 diff, lag -1 to +
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(h) Large-scale Q diff, lag -1
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