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Goal of the project
What are expected to achieve until the termination of the project?

p To get new findings on air-sea interaction through in-
situ observation by considering surface wave;

p To improve our scientific understanding on the role of 
surface wave in air-sea interaction in the Indo-Pacific 
Oceans, and get new parameterization on air-sea fluxes 
especially for high wind conditions;  

p To improve the prediction ability of typhoon intensity 
and Asian monsoon system.

Timeframe

May 2015– June 2025

(10 years) 
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Expected outcomes

pTo advance our understanding on the internal dynamical features of the 
Indian Ocean and Pacific ocean natural variability and reveal the mechanism of 
air-sea interaction over the Indo-Pacific area;
p The results are expected to publish kinds of scientific papers. In addition, the 
designed collaborative network and frequent communication among team 
members are expected to increase regional scientific capacity and to foster 
future project collaborations; 
p The expected update methodology emerging from this project, which are 
relevant to typhoon and monsoon prediction, will become useful tools for the 
numerical model developers; and 
p Most importantly, the forecasting air-sea coupled models on Typhoon and 
monsoon are open to all members, which can benefit all human beings along 
the coasts on Indo-Pacific area.
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Major activities, outputs & outcomes 
During May 2019-March 2021

Major activities

p Series of new scientific findings on air-
sea interaction;

p Coupled model development, validation, 
climate prediction system and Typhoon 
forecasting system

Outputs & Outcomes

pWave effects in air-sea heat flux
pWave effects in air-sea momentum flux
pNew generation climate prediction 

model FIO-ESM v2.0
pNew generation Typhoon forecasting 

model FIO-AOW
p5 high quality papers published
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Major activities, outputs & outcomes

(1) Surface waves affect air-sea heat flux (Sea surface Albedo)

R2=0.95
rmsd= 0.009

Blue: Obs; Pink: parameterization
Huang et al., 2019!JGR
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Major activities, outputs & outcomes

(2) Surface waves modulate air-sea momentum flux

Chen et al., 2020, JGR;GRL
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Major activities, outputs & outcomes

(2)  For the first time, to estimate the wave-induced stress in the global ocean from 
satellite data

Chen, et al., 2020, JGR

Wave induced stress accounts for 10-30% of wind stress in August (upper) and Nov 
(lower) of 2019
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Major activities, outputs & outcomes
(3) New climate model and climate prediction system
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LETTERS NATURE CLIMATE CHANGE DOI: 10.1038/NCLIMATE2118
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Figure 1 | Global SST bias and its relationship with the AMOC. a, The annual-mean SST bias averaged in 22 climate models. The SST bias is calculated by
the SST di�erence between the model SST and extended reconstructed SST. The dots denote where at least 18 of 22 models (82%) have the same sign in
the SST bias. The rectangles represent the focused regions. b,c, Spatial maps of SST bias and the AMOC for the first inter-model SVD mode (accounting for
45% of total covariance). d, Their corresponding coe�cients. The x axis in d represents di�erent models (Supplementary Table 1). The coe�cients have
been normalized by their own standard deviations.

strengthening is accompanied by a warming of that region13–16.
This feature is consistently found in the results of water hosing
experiments in which an artificial freshening of the subpolar
North Atlantic was prescribed in several climate models17,18. For
quantification, we define an AMOC index as the maximum value
of its streamfunction in the latitude band 20� N-60� N. According
to Fig. 2a, in 22 CMIP5 models analysed the cold SST bias in the
NorthAtlantic is strongerwhen theAMOC isweaker, and vice versa,
with an inter-model correlation of 0.85 between the SST bias and the
AMOC index.

In the North Pacific, the simulated SST biases seem to be linked
to those in the North Atlantic (see Fig. 2b). This relationship is
primarily a linear one, with an inter-model correlation of 0.61.
The correlation coe�cient is the highest during the boreal winter
and the lowest during the summer (Supplementary Fig. 2). For a
better understanding of the links between the SST biases in the
North Atlantic and North Pacific, we carry out an inter-model
empirical orthogonal function (EOF) analysis of the SST biases.
The first EOF mode (EOF1) shows the same sign in the two

ocean basins, that is, a cold North Atlantic Ocean corresponds
to a cold North Pacific Ocean (Supplementary Fig. 3), and its
principal component (PC1) is strongly and negatively correlated
with the AMOC index (correlation coe�cient �0.85). The pattern
of regressions onto PC1 of geopotential height at 200-hPa, sea level
pressure and surface wind stress (Supplementary Fig. 4) resembles
the Northern Hemisphere annular mode19, showing that negative
sea level pressure anomalies in the North Atlantic correspond to a
deepening of the Aleutian low and an intensification of the surface
westerly winds in the North Pacific. The intensified westerly winds
cool the North Pacific Ocean through enhanced latent heat flux and
southward ocean advection associated with Ekman transport. This
teleconnection is consistent with previous studies on the impact of
the North Atlantic variability on that in the North Pacific20.

Our next concern is the SST biases in the Southern Ocean. In
association with the AMOC, two principal water masses circulate
in the deep ocean. One is North Atlantic Deep Water (NADW),
which forms in the Nordic, Labrador and Irminger seas owing
to atmospheric cooling of salty surface water. The other water

202 NATURE CLIMATE CHANGE | VOL 4 | MARCH 2014 | www.nature.com/natureclimatechange

Wang et al., 2014, Nat. Clim. Change

Ground challenge for climate models for several decades:
Huge SST biases for the global ocean
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Figure 1 | Global SST bias and its relationship with the AMOC. a, The annual-mean SST bias averaged in 22 climate models. The SST bias is calculated by
the SST di�erence between the model SST and extended reconstructed SST. The dots denote where at least 18 of 22 models (82%) have the same sign in
the SST bias. The rectangles represent the focused regions. b,c, Spatial maps of SST bias and the AMOC for the first inter-model SVD mode (accounting for
45% of total covariance). d, Their corresponding coe�cients. The x axis in d represents di�erent models (Supplementary Table 1). The coe�cients have
been normalized by their own standard deviations.

strengthening is accompanied by a warming of that region13–16.
This feature is consistently found in the results of water hosing
experiments in which an artificial freshening of the subpolar
North Atlantic was prescribed in several climate models17,18. For
quantification, we define an AMOC index as the maximum value
of its streamfunction in the latitude band 20� N-60� N. According
to Fig. 2a, in 22 CMIP5 models analysed the cold SST bias in the
NorthAtlantic is strongerwhen theAMOC isweaker, and vice versa,
with an inter-model correlation of 0.85 between the SST bias and the
AMOC index.

In the North Pacific, the simulated SST biases seem to be linked
to those in the North Atlantic (see Fig. 2b). This relationship is
primarily a linear one, with an inter-model correlation of 0.61.
The correlation coe�cient is the highest during the boreal winter
and the lowest during the summer (Supplementary Fig. 2). For a
better understanding of the links between the SST biases in the
North Atlantic and North Pacific, we carry out an inter-model
empirical orthogonal function (EOF) analysis of the SST biases.
The first EOF mode (EOF1) shows the same sign in the two

ocean basins, that is, a cold North Atlantic Ocean corresponds
to a cold North Pacific Ocean (Supplementary Fig. 3), and its
principal component (PC1) is strongly and negatively correlated
with the AMOC index (correlation coe�cient �0.85). The pattern
of regressions onto PC1 of geopotential height at 200-hPa, sea level
pressure and surface wind stress (Supplementary Fig. 4) resembles
the Northern Hemisphere annular mode19, showing that negative
sea level pressure anomalies in the North Atlantic correspond to a
deepening of the Aleutian low and an intensification of the surface
westerly winds in the North Pacific. The intensified westerly winds
cool the North Pacific Ocean through enhanced latent heat flux and
southward ocean advection associated with Ekman transport. This
teleconnection is consistent with previous studies on the impact of
the North Atlantic variability on that in the North Pacific20.

Our next concern is the SST biases in the Southern Ocean. In
association with the AMOC, two principal water masses circulate
in the deep ocean. One is North Atlantic Deep Water (NADW),
which forms in the Nordic, Labrador and Irminger seas owing
to atmospheric cooling of salty surface water. The other water

202 NATURE CLIMATE CHANGE | VOL 4 | MARCH 2014 | www.nature.com/natureclimatechange

Bao et al., 2020, J. Geophys. Res.

SST Biases

FIO-ESM v2.0
Bv+ sea spray +



Anomaly correlation coefficients 
(ACC) between observations and 
predicted Niño 3.4 index (blue and 
green lines) and Niño 3 index (red 
and orange lines) for the period of 
1993-2019. Blue and red line 
represent ACC of FIO-ESM v2.0 
prediction for 1- to 13-month lead 
times, and green and orange line 
represent FIO-ESM v1.0 results from 
1- to 6-month lead times. 

Major activities, outputs & outcomes
(3) New climate model and climate prediction system



Major activities, outputs & outcomes

(4) New generation Typhoon forecasting model FIO-AOW

[Rappaport et al., 2012, BAMS ]

Challenge for Typhoon models for several decades: The forecasted typhoon track
getting better and better, while the forecasted intensity has had no any progress
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Problems encountered & actions

Suggested actions

p To evaluate the performance of this new generation climate 

prediction system by organizing a task force, and then officially 

publish the operational prediction results by WESTPAC; 

p To extend the programme of IPOVAI into 2025.
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Objectives to be achieved

To provide high-quality operational climate 
prediction results;
To develop new generation Typhoon forecasting 
system and make validation;
To share the scientific achievements from 
IPOVAI to the world, and contribute to the UN 
Decade of Ocean Science for Sustainable 
Development.

Smart objectives

Specific, measurable, 
achievable, relevant & 
time bound 

Next Intersessional Period (May 2021 – May 2023)
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Planned activities
for the next intersessional period (May 2021 – May 2023). Budget: more than 6 Millions USD 

Program Activities Objectives Expected 
outputs Date and place Funding 

from IOC

Funding from Other sources 
(i.e. from national or 

international)
Remark

Indo-
Pacific 
Ocean 
environme
nt 
Variation 
and Air-sea 
Interaction 
(IPOVAI)

1. Validate the 
climate 
prediction 
system

• To quantitatively evaluate the 
prediction ability of FIO-ESM 
v2.0

One 
publication

• May 2021-Dec 
2021 0 0.1 Million USD

2. Operationally 
run the climate 
prediction 
system 

• To provide high-quality climate 
prediction results

13 months 
prediction 
started from 
each month

• Officially start 
from Jan 2022 for 
long term, in 
China

0 1.5 Million USD per 
year

3. Develop and 
validate the new 
generation 
Typhoon 
forecasting 
system

• To dramatically reduce the 
forecasting error of Typhoon 
intensity

Typhoon and 
ocean 
forecasting 
system, 1-2 
publications

• May 2021-April 
2023 0 1.0 Million USD per 

year

4. Joint cruises 
and observations

• To obtain data to validate the 
climate prediction and 
Typhoon  forecasting

• To enhance understanding of 
air-sea interaction processes

Observed 
data

• PMBC, Thailand 
• UMT, Malaysia 

etc
0 0.5 Million USD per 

year

5. Workshops 
• To organize 1-2 workshops on 

climate prediction and 
Typhoon forecasting

Workshops 
organized

• One in 2022, and 
the other in 2023
considering the 
situation of 
COVID-19

15000U
SD 30000USD
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Thank You
PI: Professor Fangli Qiao

Tel:+86-532-88960055
Email: qiaofl@fio.org.cn

Website: http://en.fio.org.cn 


