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I Significant Societal Needs for Ocean and Climate Prediction

2005 Hurricane in New
Orleans with 1836 death

and over $130B losses

e 2024 Hurricanes Helene and
{ Milton with several hundreds
death and over $150B losses

Enhance resilience to extreme events Guide energy conservation and
emission reduction



I What can we do?

Satellite and in-situ Ocean & climate Provide science-based
observation data prediction solutions



I Long-lasting bottleneck problems for models

O of numerical model: one of the ultimate purposes of marine science is to
provide accurate forecast, and model represents the comprehensive level of a country's
scientific research.

O for half a century: 1967, the GFDL of US established the first numerical
model of ocean circulation.

O have long existed in ocean, typhoon and climate
(Earth system) models, directly affecting the forecasting accuracy, making it hard to
achieve accurate prediction, then provide science-based solutions.



I Challenge 1. Common biases in OGCMs

20 30 40 50 60 70

Observed MLD Simulated MLD
Qiao et al, 2010, 2016



I Challenge 2: Standstill in forecasting Typhoon intensity
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I Challenge 3: Common biases in climate models
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I Breaking Point: cognition on turbulence (mixing and air-sea fluxes)

Turbulence is to model what virus is to epidemic

“turbulence 1s the most important unsolved problem of
classical physics."
—— Richard Feynman (Nobel Prize winner, 1965)

Werner Heisenberg (Nobel Prize, 1932) was asked what he would ask
God, given the opportunity. His reply was: "When | meet God, | am
going to ask him two questions: Why relativity? And why turbulence? |
really believe he will have an answer for the first."


http://en.wikipedia.org/wiki/Werner_Heisenberg
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| Ocean system science

O Simple system: surface
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Ocean impacts in shaping the climate system

Wave modulate surface wind stress Sea spray increases heat flux l
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I Theory innovation 1: wave-induced mixing

O Wave is a major source of upper-ocean turbulence

1
2

B, =«[[E ()exp{Zkz}dk—[U oE(K )exp{2kz}ko (Qiao et al, 2004, 2010)

O The key is that wave-turbulence interaction intensifies ocean turbulence (Qiao

et al, 2016) , 20165
20126 BRNELRE
) . . . - SNETRMIE
O Confirmed by following in-situ and Lab experiments s bR g E%::Eﬁ
— Exr
O Overturn the statement of J. Lumley (1983): mAE | g ORNEN e
sermwm  NOEERS T ,\'
7T e [

“non-breaking wave does not generate turbulence” E; B

s |HeA



ITheory iInnovation 2: wave modulates wind stress
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I Asymmetry of Cd for TC

Moving Direction

Right Front Quadrant
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Chen et al., 2022, JGR-Oceans



ITheory Innovation 3: sea spray increases heat flux

O Incorporate sea spray into typhoon model and Earth system model

Latent heat
flux

Sensible
heat flux

Zhao et al, 2017, JGR: Bao et al, 2020, JGR



ITheory Innovation 4: Diurnal SST cycle in ESM
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I Theory adopted by different model groups
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|1. Wave-circulation coupled model

Model with Bv
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IWave-circuIation coupled model

(a) POM noBv

(b) POM withBv
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I Global surface-wave—-tide—circulation coupled ocean model




| 2. Typhoon model

Take super Typhoon Yagi in early

Sep 2024 as an example
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| New Typhoon model

Sea spray (intensify) + wave (weaken)
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I New Typhoon or Tropical Cyclone model

-30 | | | | | 1
B sRaRE

oo N RaRiEE
2% m————m—————

26% e o e e e

2%

£

Hd

Ilg

g 40%
o 100

"

i

=

do

20 | | | | | |
145 2 3R 44 548 1-54% 71y

axEFR

The new theory can reduce the forecasting error of TC intensity by

40% (30 years challenge)

Zhao et al., 2022, JGR



I The hindcast of Typhoon intensity iIs improved

Sea spray—Increase Heat flux Bv—decrease heat flu

.» Next goal

Bv theory <+ New heat flux
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I 3. Two-generation of Earth system model FIO-ESM

First ESM with wave incorporated, reducing half of the original biases

The annual-mean SST bias in CMIP5 climate models —
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I Surface wave Stokes drift on air-sea fluxes

B Stokes drift changes the heat flux and improve PICES area

Without Stokes drift Impacts of Stokes drift
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I Diurnal cycle on ENSO phase-locking
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I New climate model FIO-ESM v1.0 & 2.0

FIO-ESM v1

® Bv

FIO-ESM v2

® Bv
® Stokes drift
® Sea spray
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I ENSO comparison in the past 100 years
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I Deep involvement of UN Ocean Decade

0 2018-2020: member of EPG hfﬁ)le‘mentation
O 2021-2023: member of DAB
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I Ocean to climate seamless forecasting system (OSF)

70+

Institutes

50+

Countries

5

International
organizations




I Scientific tools for decision-making

Satellite
observation data

Atmospheric
forecast data

Marine
Environment
Data
Information

Ocean and Climate Early wArNing
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Ocean Forecast
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Efficient
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Service Platform
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I Conclusions

B New ocean mixing and air-sea flux theory are developed,;
B New wave-tide-circulation coupled model, Typhoon
model and Earth system model are set up and validated,;
B Through joint efforts, we could provide decision-
making actionable information. OCEANUS is a first try.

Hope you find this system helpful
http://144.123.38.62:2024/#/
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