This presentation participates in OSPP

EGU

Tropical Pacific Quasi-Decadal Variability Suppressed by Submesoscale Eddies
Yushan Qu', Shengpeng Wang?, Zhao Jing'?, Yu Zhang'?, Hong Wang'-?, and Lixin Wu'+?

Sharing is
encouraged 'Frontier Science Center for Deep Ocean Multispheres and Earth System (FDOMES) and Key Laboratory of Physical Oceanography, Ocean University of China, Qingdao, China

Outstanding Student & PhD

2Laoshan Laboratory, Qingdao, China

Introduction Submesoscale eddies inhibit TPQD growth Methods
v - £ P - Shility i o subm 11arr Decomposition of the heat budget analysis:
Tropical Pacific quasi-decadal (TPQD) climate variability is e Submesoscale eddy vertical heat transport: Qeddyvzpocpw T ol
characterized by quasi-decadal sea surface temperature ) ’ <°poc,,a—sz>=—<j°pOCPV-(ﬁf)dz>—<j°p0C,,V,,-(u,,—'T')dz>+<p0C,,w'—T'>|z=_,,
(SST) variations in the central Pacific (CP). * Negative correlation between Q,4.,,, and TPQD:  Impact of on Qzﬁg';fv on TPQD compared with other processes: o ! o
/ Th. o o oo o a . TD <Qbasin> <Qeddy,h> <Qeddy,v>
is low-frequency climate variability is suggested to | _ : | | : o——————— d Fig. 3. (a) The
influence extreme regional weather and substantially ' ' o o Eme I m—— ] climatological mean SST Qo)+ (Qurs )+ Qo)
impact global climate patterns and associated socio- - LI - budget; (b-c) is the Symbols: S indicates the background strain rate, HZ,; indicates
i 2 & . ~12. .
economy through teleconnections. B o) T : Same as (a) but for the the square of mixed layer depth, |V;b|” indicates the square of
v’ Previous studies mostly attributed the TPQD climate | T G 0 0 composite anomalous background buoyancy gradient and f is the Coriolis parameter.
variability to basin-scale air-sea coupling processes. 1a. i < 55T budget averaged
- - " L #li s overthedeveloping Implication for TPQD modellin
> However, the role of sub-basin-scale processes in : ! D 60 s o w0 P g
dulating the TPQD climate variability is still unclear W 7 il —% i — —%  Pphaseof allthe peak :
moduiating y ' E| [ fotwmmsm 0 positive (b) and * The TPQD amplitude becomes smaller as the
. . . . e N\ | negative (c) TPQD model resolution becomes finer.
Modelling TPQD in high-resolution Fig. 2. Composite averages of SSTA at the peak positive IR ~\(. events.(d-e) Composite oaf g e T ] Fig. 4. Composites of Nifiog
TPQD events (a) and negative TPQD events (b); (c,d) Cosf O | RS 7 of time series of 5STA evolution at the peak
t e — ] A —] cubtropical /= tropical same as (a,b) but for submesoscale eddy kinetic energy s o = ., 22 different mechanisms 02 - ggsxgve TPQD “”ﬁ negative
anomaly; (e,f) same as (a,b) but for Qztgy", anomaly at §os T o decomposed (See N QD events in the fine-
: L : S B Ce @ s o m e thods) = 5 A s resolution (purple), coarse-
50 m. The green box in (a-f) denotes the Nifo4 region. D Qo Qs Qs Qi Qs ooty me ' % /\ \ resolution (orange), and
02 \\\\“ /,/ | coarse-resolution with
B | NI L S Precipitation and frontal intensity govern impact of submesoscale eddies submesoscale.
Y eeeayl ST oaf | parameterization (cyan)
) [ | | | T subtropical — tropical | ° Q S T T 1 T T 1™ | | | | T e Positive events (baroclinic instability): TE T e © ©® CCCMsinCMIPe.
! . L £ it Conclusions
H " N SRR e - v’ Equatorial submesoscale eddies inhibit the growth
_ L S o of the TPQD variability by inducing an anomalous
SST increase a . y oY &
. . . . , = ol 4 LB Lo | | | | | | h | downward vertical heat flux from the surface to the
_ Timelyn o T e 2" T e R weakened cold tongue subsurface ocean during the positive TPQD events
SO°N/ = > Qzléz;',lv is attributed to kinematic deformation including baroclinic ‘1’ . and an anomalous upward vertical heat flux during
1. . o . . weakened SST gradient .
] Z/:’ el instability and frontogenesis; mcwilliams. (2016) the negative TPQD events.
K BT 5 .. erep.. s . . . . . o .
}@ = n » Baroclinic instability is dominated by Charnzey surface mode (CSI); weakened baroclinic instability v The quasi-decadal variability of the vertical heat flux
ws| e o 0 i » Frontogenesis can be scaled by SH12V1L|VHb| /f*(See methods). weakened Qgggglv of sub-mesoscale eddies is attributed to baroclinic
o o Positive events (frontogenesis): ’ instability and frontogenesis, which arise from the
Fig. 1. (a) Local fraction variance (LFV) spectrum for the —— g . damp the SST mean-state variations associated with the quasi-
combined tropical Pacific sea surface’ temperature (SST), sed b | . wsags ! o | ~ v decadal variability of the cold-tongue thermal front
level pressure (SLP) and sea surface height (SSH) of observatt.ons 2" ] 15Nz% EIRIAT: ] P —_ is NS%I and thermohaline stratification, respectively.
(blue line) and the CESM (red line). (b) The observational time £ - SLSS S S (AL S| ¢ Kt 0
evolutions of Niflo4 index (tropical SST indices; thin orange) and . | ool o 1M, 15°5 . _ |- Key references
subtropical .SST {'ndi.ces .(th’.” cyan). (c) Same as (b) b‘_Jt for the “l precipitation anomaly stratification giﬁomaly mixed layer depth anomaly
CESM. Spatial distribution of the SST anomalies variance and s McWilliams (2016). Submesoscale currents in the ocean. Proc. R. Soc. A.,
' iance i ' B S Hy o : . . . . 60117.
correspo.ndmg variance in (d) observations and (e) the CESM on Mixed layer depth dominates the rainfall increase > intensified N > shallowing MLD 472, 20160117 ) o
the quasi-decadal timescale. : , subm Wang et al (2022). El Nifio/Southern Oscillation inhibited by
. e . quasi-decadal anomaly of weakened frontogenesis weakened Qeddy,v damp the SST submesoscale ocean eddies. Nat. Geosci., 15, 112—117.
. The TPQD amplitude = Nino4 index '} |frontogenesis. R )




