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Abstract Using the National Centers for Environmental Prediction/Department of Energy
(NCEP/DOE) reanalysis 2 and the National Oceanic and Atmospheric Administration (NOAA)
Sea Surface Temperatures (SSTs) during the period of 1985 — 2015, eight warm events in the
North Pacific are selected based on the definition of large-scale SST anomalies. The dynamic
composite method following the SST anomaly center is used to study the large-scale SST warm
anomalies with a lifespan of 50 days over the wintertime North Pacific and associated
characteristics of the air-sea interaction on submonthly timescales before and after their peak
stages. The results show that: (1) the early stage of the large-scale SST warm anomalies is mainly
characterized by the forcing of the atmosphere on the ocean, while the forcing of the ocean on the
atmosphere dominates the late stage. (2) The atmospheric structure associated with the SST warm
anomalies changes significantly from the early to late stages. The early stage shows an equivalent
barotropic dipole pattern of pressure anomalies above the warmer SSTs, with an anomalous high
in the northeast and an anomalous low in the southwest, which corresponds to the anomalous
easterly wind over SST anomalies. At the late stage, the equivalent barotropic anomalous cyclone
is located to the north of warmer SSTs, with a weak anomalous anticyclone to the south, which
corresponds to the anomalous westerly wind over SST anomalies. (3) The cyclonic circulation
anomaly occurs at the late stage due mainly to the high frequency transient eddy feedback forcing,
in which the forcing of transient eddy vorticity feedback acts as the major contributing factor. (4)
The structure of ocean current is also different between the early and late stages. At the early stage,
the ocean dynamic process is not conducive to maintaining the SST warm anomalies. At the late
stage, both anomalous warm advection and anomalous downwelling act to maintain the SST
warming and thus its influence on the atmosphere.

Keywords Submonthly timescales; North Pacific; Large-scale SST anomalies; Air-sea interaction
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Figure 1. Number of large-scale Sea Surface Temperature (SST) warm anomaly events in each
lifespan during the period of 1985—2015
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Table 1. The occurrence time of eight large-scale sea surface temperature warm anomalies events
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Figure 2. Time evolution (namely five ten-days, and the peak stage is expressed as "Ten-days(0)")
of composited SST anomalies (solid line, unit: °C), net heat flux anomalies (short dashed line, unit:
W/m?) and 10m wind speed anomalies (long dashed line, unit: m/s) in the area of 10° latitude by



20° longitude centered relative to each SST anomaly center. The net heat flux of the sea surface is
the sum of sensible heat net flux, latent heat net flux, net longwave radiation flux and net
shortwave radiation flux
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Figure 3. Composited anomalies of sensible heat net flux (al—a3), latent heat net flux (b1—b3),
net shortwave radiation flux (c1 —c3) and net longwave radiation flux (d1 —d3) (colors, unit:
W/m?) at the early stage [ten-days(-1)] (al—d1), peak stage [ten-days(0)] (a2—d2), and late stage
[ten-days(+1)] (a3—d3) of large-scale SST anomalies. The contours are SST anomalies (unit: °C,
interval: 0.5 °C)
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Figure 4. Time-depth cross sections of composited sea water potential temperature anomalies
(contours, unit: °C) in the area of 10° latitude by 20° longitude centered relative to each SST

anomaly center
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Figure 5. Composited anomalies of the horizontal ocean current at 10m depth (vectors, unit: cm/s)
and the vertical velocity averaged in the upper 50m (colors, unit: 10 cm/s) at the early stage
[ten-days(-2)] (a), peak stage [ten-days(0)] (b), and late stage [ten-days(+2)] (c) of large-scale SST
anomalies. The contours are SST anomalies (unit: °C, interval: 0.5 °C)

OISR AE T B0, SST I S i B W 8 /T J= Al R RORAE T W3, SST
W S 3 R R T T A K Uit oy 3, Je T PT RE LU VESE I KO8, HBESh Tl R AE |
HAAH T TR R W 4 RY B 5 A ) T A il i 7 0

3.3 K5 BRI

Kl 6 5t T SST BE & AFIFYEL 200, 500 F1 850 hPa 113 35 vy 5 LA K 3~F 1] < 5% 5
M. ATH (B 6 al—d1) SST B 7 f1: ka5 AR AL (1P <& (SLP, Sea Level
Pressure) S, 7E SST HES74: X AR IL#E SLP 5% i, PUFg#S SLP S fmfk, XHii= M
RERSE RS EERE S SLP (8L, FHduhs5 SLP B OEARS,
FHN XTI 2 3 2 R BN — BN R B KSR . RIS SST B S X 38 1) 4l 45 Xt o 28 I AE 15
P KU 1SRG/, R AE B2 gk . B (B 6 a2—d2) SST HE S5 f1:hf
FAH 24 1E TR AR A 3 B SRy, E SST MR W X AR BRI 34 i B S o s, D BB 34
JE S AR, AH R XIZTE XTI E B2 RN — BN R KT . 5 (B 6a3—d3) KA+
WA R AR T WY, SST B S X R FLAGM 1 25 R HH 24 1F s (1457 35 5 i 4 57t 4
¥, SST BE 54 B MIAE 500hPa DL oA 38 S BEIE 0, AHREHE XAtk A 1 2, B
F) 25 T S A N B2 — S S IS, EL SST BE S  IX 48 110 7 IR 5 38 N 1 35 14 XL
Wy L AEAG RGE I N, R AOE R 3.



tr s~ ]— (as)..n\.nj—» 120
o P17 oM Y, . e %
) 1 A Ny 154 ¢ +GRED ., - - YN g
= kNS=2// | P coay
© kN~ =/7 7 V', PN P y 30
" DT Y //-— 04 =~ « #« « = v o v vy t 0
8 L e N =Nt - e Lot 30
’5) PR v ar U ] B B P
o) A B B N BLE IR R A RS N -60
o s - T . PO 't + 90
P T S S S S | I I R R C T T t
e -30 o peo
, N, - — 30769 e e I—]| 120
” i NIRRT 12m/s N . e 12m/s 90
° \ I S S| 154 4+ 4 4 6 ex v N AN 60
2 NN~/ /7N L R tr
k] S ///[‘lll\ S o N R
» LR Vo7 04 =+ ==~ EA IR t 0
o VAN - e s e s e e e » 30
5 PV S “ v ey
D 154 L 1 8 AR A5+ ¢ 4 B o iy ABd - e e e v e e e xR . -60
o A N U T W U P T S S L e S R I_go
N N A 2 BT NS R ] A A e e
30 et 30 et 120
30 30
(€2) e W A . . @) , ., ex~~—|]120
. TR 5 O Ve s B E go
kel 154 VNN s = A ) e 154 v Vb v v - vt x 60
,3 \\\;///'/—.\-.\.x PR R R
E LR U Y A R U AN A A s e A 30
%) 0-‘)5-«[\\—4[1‘ 04 « # v N> 727 mm s s syt 0
8-3 VAR YAAN— /| e s e s s e », 30
’5) A VAN~ /- R
o) A5 4t AN e e . A5 o e e e e e e e e -60
o R B T S e ] A S S I_QO
O N P U
-30 SN, -30 S |20
30 30
@) foars s v f— (d3) x\j(/~—-\ v 4 12
s 4m/s 4m/s
o \\\\‘~\ Nt NEREER BN
3 15+ N\N\N>~>~2) ) 777+ B4V lev=rriiad B8
2 N\~ JlUvNsrrrrnag By
E &@\J torsoy | A IIEN VAR IEEN
2 04+ Y Y. \ O—t\\@vr'»r 0
AR NY el i) Ly 55 Vv 2t
g V- &5‘*//{/[ \~-‘/'?'5vll-‘r -4
2 A5 L Ly s AN—— S AB 4 v s e e o . 8
(=]
P O BN Nl D] S S PR Y ttt
V2N SRR N B SN -t \\‘I,12
-30 Attty i -30 Attty -30 T - T
-50 -25 0 25 50 -50 -25 0 25 50 -50 -25 0 25 50
Degrees longitude Degrees longitude Degrees longitude

B 6200hPa (al—a3) . 500hPa (bl—b3) . 850hPa (cl—c3) MIfr 3w &R (PR, #
f: gpm)  RIgRH (RE, #8470 m/s) LRIV IHAERY (d1—d3; BI52, Bl
hPa) 7E K VE B R % 5 5 77 W [ten-days(-1)] Cal—d1) . %&#[ten-days(0)] (a2—d2) . J&
M[ten-days(+1)] (a3—d3) HIEMI . FELN SST & (HfL: °C, [EFEAH 0.5°C)
Figure 6. Composited anomalies of geopotential height (colors, unit: gpm), wind (vectors, unit:
m/s) at 200hPa (al—a3), 500hPa (b1—b3), and 850hPa (c1—c3) at the early stage [ten-days(-1)]
(al—dl), peak stage [ten-days(0)] (a2—d2), and late stage [ten-days(+1)] (a3—d3) of large-scale
SST anomalies. Correspondingly, the composited sea level pressure (colors, unit: hPa) and SST
anomalies (contours, unit: °C, interval: 0.5 °C) are also shown in d1, d2, d3
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Figure 7. Latitude-height cross sections of composited anomalies of wind (vectors in al—a3, unit:
10-2Pa/s), air temperature (colors in al —a3, unit: °C), and geopotential height (colors in b1—b3,
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anomalies. Correspondingly, the composited SST anomalies (unit: °C) are showed in cl, c2, c3
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Figure 8. Composited anomalies of atmospheric baroclinicity index at 700hPa (colors, unit: K/day)
at the early stage [ten-days(-1)] (a), peak stage [ten-days(0)] (b), and late stage [ten-days(+1)] (c)
of large-scale SST anomalies. The contours are SST anomalies (unit: °C, interval: 0.5 °C)
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Figure 9. Composited anomalies of meridional heat flux V'T' at 850hPa (colors in al—a3, unit:
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Figure 10. Composited anomalies of Transient Eddy Feedback Forcing heat flux (TEFF-heat)
(contours in al—a3, unit: m/day), vorticity flux (TEFF-vor) (contours in bl —b3, unit: m/day),
and total flux (TEFF-all) (contours in c1—c3, unit: m/day) at 300hPa (al—c1), 500hPa (a2—c2),
and 850hPa (a3—c3) at the late stage [ten-days(+1)] of large-scale SST anomalies
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Figure 11. Schematic diagram of atmospheric structure features associated with large-scale SST
warm anomalies over the North Pacific in winter for (a) atmospheric forcing on ocean at the early
stage, (b) peak stage, and (c) oceanic forcing on atmosphere-ocean at the late stage (The red solid
circles at the sea surface indicate SST warm anomalies. "A" and "C" respectively stands for
anomalous anticyclone and anomalous cyclone centers. The straight arrow indicates the prevailing
wind direction, and the wavy arrow for the anomalous ocean current direction)
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