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Significant Societal Needs for Ocean and Climate Prediction

Guide energy conservation and 

emission reduction

Protect cities from being destroyed Response to ocean accidents

2005 Hurricane in New 

Orleans with 1836 death

and over $130B losses

2024 Hurricanes Helene and 

Milton with several hundreds 

death and over $150B losses

Enhance resilience to extreme events



What can we do？

Satellite and in-situ
observation data

Ocean & climate 
prediction

Provide science-based 
solutions



Long-lasting bottleneck problems for models

 Importance 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.

 Developed for half a century: 1967, the GFDL of US established the first numerical 

model of ocean circulation.

 Huge common deviations (biases) 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.



Challenge 1: Common biases in OGCMs

Observed MLD Simulated MLD

Qiao et al, 2010, 2016



NHC https://www.nhc.noaa.gov/data/tcr/

Challenge 2: Standstill in forecasting Typhoon intensity

NHC Forecast Verification Report, 2020 Controlled by air-sea heat fluxes
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Challenge 3: Common biases in climate models

（Wang et al., 2014）

22 CMIP5 models results CMIP6 results



“turbulence is 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 I meet God, I am 
going to ask him two questions: Why relativity? And why turbulence? I 
really believe he will have an answer for the first."

Turbulence is to model what virus is to epidemic

Breaking Point：cognition on turbulence (mixing and air-sea fluxes)

http://en.wikipedia.org/wiki/Werner_Heisenberg
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 Simple system: surface

wave/internal

wave/tide/ocean

circulation:

parameterization

 Complex system: all

processes combined into

one: interaction

Ocean system science

Gap between 
microscale and 
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Ocean impacts in shaping the climate system

Wave modulate surface wind stress Sea spray increases heat flux

Wave modulates momentum fluxWave control on upper-ocean mixing



Theory innovation 1: wave-induced mixing
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 Overturn the statement of J. Lumley (1983):

“non-breaking wave does not generate turbulence”

 Wave is a major source of upper-ocean turbulence

（Qiao et al, 2004，2010）

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

et al, 2016）；

 Confirmed by following in-situ and Lab experiments



Chen et al, 2018; Huang and Qiao, 2021, JGR)

Theory innovation 2: wave modulates wind stress

+30%

-10%



Chen et al., 2022, JGR-Oceans

Asymmetry of Cd for TC



Theory innovation 3: sea spray increases heat flux

 Incorporate sea spray into typhoon model and Earth system model

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

No sea spray

Latent heat 

flux

Sensible 

heat flux

With sea spray

No sea spray With sea spray



Theory innovation 4: Diurnal SST cycle in ESM

（Yang et al., JAMES, 2017）

Diurnal SST

（Bao et al., 2020, JGR）

Diurnal SST parameterization scheme 



Theory adopted by different model groups

GFDL NEMO

CROCOAWI-FESOM
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MLD biases reduce from 10.8 m to 1.5 m (86% improvement)

Qiao et al,2004, GRL; 2010, OD; 2016, RS

1. Wave-circulation coupled model

Model without BvObservation data Model with Bv
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Wave-circulation coupled model



Global surface-wave–tide–circulation coupled ocean model



2. Typhoon model

23

Forecasting time: 20240905 12:00 (UTC)
Forecasted maximum (GFS): 43m/s
From data: 58m/s

Take super Typhoon Yagi in early 

Sep 2024 as an example  

Forecasting time: 20240905 12:00 (UTC)
Forecasted maximum (ECMWF): 31m/s
From data: 58m/s



Sea spray (intensify) + wave (weaken)
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New Typhoon model



New Typhoon or Tropical Cyclone model

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

40% (30 years challenge)

Zhao et al., 2022, JGR

1级 2级 3级 4级 5级 1-5级平均

台风等级

台
风
模
式
强
度
误
差

(m
/s

)

42%

26%

32%

26%

40%

新型台风模式

原台风强度

0

20

-10

-20

-30

40%



The hindcast of Typhoon intensity is improved

0

200

400

600

800

1000

Sea spray—Increase Heat flux Bv—decrease heat flux 

New heat fluxBv theory

18

Next goal



3. Two-generation of Earth system model FIO-ESM

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

Qiao et al, 2013, JGR; Bao et al. 2021, JGR
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Surface wave Stokes drift on air-sea fluxes
模
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差
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冷偏差降低~30%Cold bias~30%

◼ Stokes drift changes the heat flux and improve PICES area

Without Stokes drift Impacts of Stokes drift
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FIO-ESM

 

Air-sea fluxes：
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Wind speed Surface current Stokes drift

Stokes drift

Wave propagation

Particle movement



Diurnal cycle on ENSO  phase-locking

El Niño La Niña

OBS

CMIP6

blue：small DSST      red：large DSST 

FIO-ESMv2.0

Niño 3.4 SSTA tendencies

El Niño La Niña

Large DA

Small DA

Bias



0.94

0.64

FIO-ESM v1

⚫ Bv

FIO-ESM v2

⚫ Bv

⚫ Stokes drift

⚫ Sea spray

New climate model FIO-ESM v1.0 & 2.0
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[Lee, 2021, GRL]

ENSO comparison in the past 100 years
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Deep involvement of UN Ocean Decade

 2018-2020: member of EPG

 2021-2023: member of DAB



Institutes

70+

Countries

50+

International 
organizations

5

Ocean to climate seamless forecasting system (OSF)



Scientific tools for decision-making

Ocean and Climate Early wArNing

Universal System (OCEANUS) v1.0

Ocean Forecast 

System

Search and 

rescue system
Oil Spill  system

Early warning for 

coral reef bleaching

Satellite 

observation data

Atmospheric 

forecast data

Marine 

Environment 

Data 

Information 

Service Platform

Wave-Induced 

Mixing

Efficient 

parallelism

Data assimilation

Product 

visualization
Typhoon system

Climate

Prediction

Increase in 

the future



Conclusions

◼ New ocean mixing and air-sea flux theory are developed;

◼ New wave-tide-circulation coupled model, Typhoon

model and Earth system model are set up and validated;

◼ 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/#/



Thanks
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