Skl work‘shc}p o waves and wave*coupied processes

AT Eh s 3 stevwt o d el

ely] F.?i, d o Ej: lﬁe OoOean S u,rﬂfaﬁ & wIAVES

Zhenya Songl 2, Fangli Qlaoch 2, Ying Baol 2, Qi Shul, 2,
Yajuan Songl 2, Xiaodan Yangl 2

1 First Institute of Oceama-gra[mv, MNK, China
2 Key Laboratory of Marine Science and Numerical Modeling, Ministry of
Natural Resources, mNK, China

11 Agri;i., ROR4-



Cukline

o Background
o FI0-ESM vi1.0 d@_vetopmev&
o FI0O-ESM v2.0 d&vai.opme%&

3 ‘Pe.rspe«ﬁ:&ves o the FI0-ESM



Background

Is the ocean surface waves the low-hanging fruib?
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Figure 1. Future role of wave models as an essential coupling
component for ocean-atmosphere-carbon-cycle modets de-
veloped In the context ot the Word Climate and Global Change

programs.
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Backqground

FI0 models c:oupi.@.ci with ocean surface waves

Ocean-Wave-Tide coupled model Atm-Ocn-Wave coupled model
(FIO-COM) (FIO-AOW)

2004 | Qiao et al.,, GRL 2017 | Zhao et al., JGR

FIO models coupled with waves

1991 | Yuan, AOS 2013 | Qiao et al., JGR
Ocean surface wave model Climate model coupled with waves
(MASNUM-WAM) (FIO-ESM)

Advances in Ehe FI0 mwmodels




Backqground

10 models c:ou,pt@.c):& ~ith ocean surface waves
1) FI0-COM

Argo temperature Global Ocean
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m—= FOAM PSY3 wmes  RTOFS B FIOCOM
GIOPS PSY4 wmes  ensemble

o Good performance on the upper ocean by considering the wave-induced mixing

o Develop the first ocean-wave-tide coupled model, and provide operational service
through the WETSPAC official website, and APP

o 1/10° is on Opera&mr\, 1/32° is o devetopisr\g



Backqground

FI1I0 models caupt@.;& with ocean surﬂfa«t:@. WAVES
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Consider the by, , improve the %vphoom strength

Strong typhoon (»41.5m/s) biases is reduced by 3%

Super typhoon (>61.0m/s) biases is reduced by §¥% Zhoo et al., 2017, 2022, IGR-Oceans



Backqground
FI0 models coupled with ocean surface waves
(3) FIO-ESM

FIO-ESM v1.0 FIO-ESM v2.0
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Backqground
FI0 models coupled with ocean surface waves
(3) FIO-ESM

FIO-ESM v1.0 FIO-ESM v2.0

CAM3.0 M AM
CLM3.5 CAMS. L M40
ICE4.0 AW@ ! "@
c1e CICE4.0

WAVE

- POP2.0 Wave-induced mixing
POP2.0 / \ /Q Sea spray

Wave-induced mixing e
Stokes drifts

SST diurnal cycle

Wave-induced . SST




Cukline

& Motivakion

FIO-ESM v1.0 development
o FI0-ESM v2.0 devetapmeb»\&

3 ‘Pers[;'@.c:&ves on the FI0-ESM



FI0-ESM v1.0 Development
Common problems nearly all ESM faced

O Cold biases in upper ocean (subsurface)
O Shallow mixed layer depth in mid latitude

fV””/“/

IPCC AR4, 2007

Zownal average ocean temperature blases (Multi-model mean)



~I0-ESM v1.0 Bevetapmm\%

Common problems nearly all faced:
SST is overheating and Mixed Layer ‘Dep%k LS
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ESM v1.0 Development
BV effects on

.5 (a) The northern hemisphere averaged upper ocean temperature
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Huaing et al., 2012, IGK,; Chen et al,, 20l¥, IGK; 2020, JOL



SM v1.0 Development
BV effects on B
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o
o CCSM3 (NCAR, USA) : Soing et al,, 2011, 2012
o BCC-CSM2 (BCC, China) : Wu et al., 2016
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FI0-

gc()2 4 S(COz) = ExternalSource + fao + fa,
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F10-

Progress tn F1{
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FI0-ESM v1.0 Development
0-ESM v1.0 simulated ability

Progress tn F1{
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~I10-ESM v1.0 ﬁevetopmev&
3=ESM v1.0

Deficiency of FIi

(c) model-obs

SST biases
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Chen et al,, 2019, Climate Dynamics



FI0-ESM v1.0 ﬁevetopmah&
3-E5M v1.0

Deficiency of FI

Wave dependent

momentum flux Marine Aerosol

e.g. Production

Janssen €.8.
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Viterbo, e.g., de Leeuw,
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Effects of ocean surface waves in the climate system
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o FI0-ESM v1.0 c&evei.opmemﬁ

FIO-ESM V2.0 development

2 ‘Pers[z?etﬁves on the FI0-ESM
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FI0-ESM v2.0 deveiopmemﬂ
(1) Distinctive Physical Processes

Stokes drift (air-sea flux)
Sea spray (latent and sensible flux)
SST Aiurnal cycle (sensible heabt flux)

. Wave-induced mixing, BY (oceah)



FI0-

“SM v2.0 d@.vetcpme&\&

(1) Distinctive Physical Processes
a. Stokes Drift (air-sea flux)

(a) Sea surface stokes drilt velocity
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FI0-ESM v2.0 clevetopmem&

(1) Diskinctive ‘th stcal Processes
b. Sea Spray (Latent and sensible flux)

Water Vapor
-
Sensible Heat = L{‘tef; Heat
L

Sensible Latent
Heat Heat

- Mw Ly(Tey) Dw (Tep,T) {esat(Ta)f _ esat(Tev)exp |y (Tep,7.5)]
Teq,lOO =Tlat Rkg(Tey,T) % Tq Tey
Equiiibrium temperature of dropte&s wikh Residence time in the
100 um inikial radius air for §0 um droplets

Andreas, 200%; 2015



FI0-ESM v2.0 d@.vetopme&\&

(1) Distinctive Physical Processes
b. Sea Spray (Latent and sensible flux)

c) The spray induced sensible heat flux
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Song et al., 2022, IC



FI0-ESM VRO clevetopmenﬁ
(1) Dilektinekive P[mj stcal Processes
c. $ST diurnal cycle (sensible heat flux)

Difference from SSTd (C) Difference from SSTd (C)
-0.3 0 0 1.0 2.0

The diagnosed magnitude of the diurnal varé&b&i&v SST for confiqurations of
different flux resolubions

Beriie et al.,, 200§



FI0-ESM V2.0 deveiopmeh&
(1) Distinctive Physical Processes
c. $ST diurnal cycle (sensible heat flux)

1
st (t) i : Qsmj‘ ({)
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Figure 2. Schematic of sublayer. 0, denotes heating of

ocean by solar shortwave radiation; Qs,,r represents ocean

surface cooling as the sum of latent and sensible heat fluxes

and longwave radiation; z;—; 1s the bottom of the first model

level with temperature 7,,,; z = Dz(f) 1s time-dependent

depth of the sublayer 7},,(f); w* = 0D/t is the entrainment ya . .
velocity at the bottom of the sublayer. See text for further ‘ "XPOMQ_V\&LQL FT’O{ Lt@.

description. — . . , .
Function of wind speed,
shortwave radiation, and Tk=1

Schiller and God{rev ;

2008 Yang et al., 2017, JAMES



FI10-ESM VR O ﬁevei.opmem%
(2) FIO-ESM V2.0 framework
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FI0-ESM V2.0 Development
3) Progress in FIO-ESM v2.0 simulated abit&%v
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“SM v2.0 Bevetopmemﬁ

F10-
3) Progress in FIO-ESM v2.0 simulated abdu%v
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SM v2.0 ﬁevetopme%
O-ESM v2.0 simulaked abe;u%v
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B-ESM v2.0 sinaulabed abit&%v
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Abstract

Both reliability and independence of global climate model (GCM) simulation are essential for model selection to gener-
ate a reasonable uncertainty range of dynamical downscaling simulations. In this study, we evaluate the performance and
interdependency of 37 GCMs from the Coupled Model Intercomparison Project Phase 6 (CMIP6) in terms of seven key
large-scale driving fields over 14 CORDEX domains, A multivariable integrated evaluation method i1s used to evaluate and
rank the models’ ability to simulate multiple variables in terms of their climatological mean and interannual variability.
The results suggest that the model performance varies considerably with seasons, domains, and variables evaluated, and
no model outperforms in all aspects. However, the multi-model ensemble mean performs much better than almost all
models. Among 37 CMIP6 models, the MPI-ESM1-2-HR and FIO-ESM-2-0 rank top two due to their overall good per-
formance across all domains. To measure the model interdependency in terms of multiple fields, we define the similarity
of multivariate error * .ids between pairwise models, Our results indicate that the dependence exists between most of the
CMIP6 models, ar i the models sharing the same idea or/and concept generally show less independence. Furthermore,
we hierarchical’  cluster the top 15 models with good performance based on the similarity of multivaniate error fields w
identify relz vely independent models. Our evaluation can provide useful guidance on the selection of CMIP6 models
based or eir performance and relative independence, which helps to generate a more reliable ensemble of dynamical
downs culing simulations with reasonable inter-model spread.
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ESMs i‘:a-upteoi with ocean surface waves
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ESMs t‘:a-upi.@.o& with ocean surface waves
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Ocean Model Intercomparison Project [310 model years]
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Sea-ice Model Intercomparison Project [ all experiments ]
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