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In accordance with Terms of Reference of IOC Sub-Commission for the 
Western Pacific, the report is provided to facilitate the consideration by the 
Sub-Commission on the progress made on the WESTPAC 
projects/programmes. 

The report presents a summary of the activities and results of the 
projects/programmes over the last intersessional period. The Sub-Commission 
is invited to consider its workplan for the next intersessional period. 

 

 

 



Air-Sea Interaction in the Kuroshio Extension and its Climate Impact (AIKEC) 
progress report 

 
1.  Timeframe for AIKEC 
2012-present 
 
2.  Goal of AIKEC 
A. Establish the theoretical framework of the multiscale ocean-atmosphere interaction in the 

midlatitudes, especially in the Kuroshio extension region, to provide a theoretical basis for 
understanding and predicting the global climate change. 

B. Develop sustainable observation networks in the Kuroshio extension region. 
C. Reveal the key physical processes in determining climate change and improve the understanding of 

ocean and climate predictability in the Western Pacific. 
 
3. Major activities, outputs and outcomes in the last intersessional period (May 2019- Feb 

2021) 
(1) Building of Kuroshio Extension Mooring System (KEMS) 

Systematic observations in the Northwestern Pacific Ocean are being carried out in the Kuroshio 
extension region in the past 6 years. In 2020, the phase I of the Kuroshio Extension Mooring System 
(KEMS) has been successfully constructed. In particular, three of the subsurface moorings are in real-
time data transmission mode, providing real-time hydrological and meteorological data for scientific 
community. 
 
(2) Featured scientific outcomes 
A. High-resolution coupled modeling study reveals that the vertical heat transport by ocean mesoscale 

eddies acts as an important heat supplier to the surface ocean in frontal regions. Strong surface 
cooling associated with intense winds in winter promotes turbulent mixing in the mixed layer, 
destructing the vertical shear of mesoscale eddies. The restoring of vertical shear induces an 
ageostrophic secondary circulation transporting heat from the subsurface to surface ocean. This 
vertical heat transport could rapidly transfer the heat convergence by the western boundary current in 
the subsurface to the surface ocean, which is crucial for maintaining the oceanic front and sustaining 
the atmospheric heat uptake. (Jing et al., 2020, Sci. Adv.) 

B. The dynamics responsible for the vertical heat transport by ocean mesoscale eddies are 
systematically revealed. The mixed layer instability and the net effect of frontogenesis/frontolysis 
comparably account for the seasonal variation of the vertical heat transport. The strong surface 
cooling contributes to its extreme events by enhancing the vertical mixing of momentum. The air-sea 
interactions driven by ocean eddy-induced SSTAs and surface currents influence the intensity of the 
transport, thus the thermal and haline stratification in the upper ocean. (Yang et al.,2021, J. Phys. 
Oceanogr., Shan et al., 2020, Geophys. Res. Lett., Shan et al., 2020, J. Phys. Oceanogr., Shan et al., 
2020, Geosci. Lett.) 

C. Anticyclonic eddies (AEs) are found to be“hot spots”for the multicore structure of the North Pacific 
subtropical mode water (STMW). After the AEs formed, they trapped the local cold and dense STMW 
and migrated westward. Since SST increased toward the west, warmer and lighter STMWs were 
formed during the winter ventilation process as the AEs moved westward. The newly formed STMW 
rode on the preexisting cold and dense STMW inside the eddy core, forming a multicore structure in 
the STMW. Given that water mass properties within AEs are much more conservative, the multicore 
structure of STMW is much more easily formed inside AEs than outside of eddies. The occurrence of 
the multicore structure of STMW in AEs was highest in spring (March–May) but decreased quickly as 
the season progressed. (Liu et al., 2019, JGR-O). Extreme mixed layer depth (MLD) south of the 
Kuroshio Extension in winter, driven by the synoptic fierce storms, is found to be a better precursor 



than the monthly mean (or nonextreme) MLD for change in the North Pacific STMW formation in 
spring. (Yu et al., 2020, J. Climate) 

D. Mesoscale sea-surface temperature (SST) anomalies associated with oceanic front and eddies along 
the Kuroshio Extension are found to exert a remote influence on landfalling ARs and related heavy 
precipitation along the West Coast of North America at seasonal and subseasonal time scales. A 
proposed mechanism is the asymmetrical response of the atmosphere to warm vs. cold mesoscale 
SSTs, which results in a net increase of moisture flux above the planetary boundary layer, prompting 
AR genesis via enhancing moisture transport into extratropical cyclones in the presence of mesoscale 
SST forcing. (Liu et al., 2021, Nat. Commun.) 

E. Using concurrent temperature/salinity and velocity measurements from mooring arrays in the KE 
region, the dynamic features of Subthermocline eddies (STEs) in the Kuroshio Extension (KE) region 
were examined in detail. During the moored observation periods of 2004-2006 and 2015-2019, eleven 
single-core STEs and a dual-core STE were observed in the KE recirculation region. Their 
Rossby/Burger number were further estimated, with values up to 0.5/1, respectively. Furthermore, a 
low Richardson number O (0.25) was found at the periphery of these STEs, suggesting that shear 
instability-induced turbulent mixing may be an erosion route for the STEs. (Zhu et al., 2021, JPO) 

 
4. Problems encountered and actions to be considered by the 13th Intergovernmental 

Session, scheduled for 27-29 April 2021, virtual  
 
5.  Objectives to be achieved for the next intersessional period (May 2021-May 2023) 
(1) KEMS data release 
Status: With respect to Kuroshio Extension Mooring System (KEMS) with 4 moorings and 2 buoys, we 
haven’t formed a specific team with one or two people working on the data quality control. This stops us 
right now releasing the scientific data worldwide. We are planning establish a QC team this year or next 
year. Only this can we step forward a little bit to OceanSITE to share data via international programs.  
Objective: Some of the data of subsurface moorings will be released to public by the end of 2022, after 
we conduct a set of quality control procedure. The data of the surface buoys will be released after we 
deploy a twin buoy near KEO and make data comparison in 2021.  
 
(2) The website of the KEMS is under construction and tested.  
The near real time data will be updated and displayed on that webpage, but still need improvement. 
(http://cn-kems.net/)  
 
6.  Planned activities for the next Intersessional period 
(1) Building a multi-disciplinary mooring system 
The development direction of the observation system in the future is to develop an integrated open-
ocean observation platform for multi-sphere and multi-disciplinary studies. It will provide important 
observational support for revealing the multi-scale physical biological coupling, energy cascade and 
climate effects, as well as the deep-ocean carbon cycle.  
 
(2) Air-Sea Interaction in the Kuroshio Extension and its Climate Impact Phase II (AIKEC-II) 
We have proposed an initial plan for the second phase of project AIKEC to CSK-2. Under the guidance 
of the projected targets, the potential contributions to CSK-2 includes in the next 5 years.: 1) Building 
and maintaining an observational system regarding the multi-scale processes and air-sea interaction in 
the Kuroshio Extension region. The observation system includes subsurface moorings and surface 
buoys, and a variety of surface/underwater mobile platforms as well. 2) Forming theoretical frameworks 
of the multi-scale ocean-atmosphere interaction in this region, in particular, from meso-scale to 
submeso-scales. 3) Establishing a high resolution regional coupled model (3km x 3km for both ocean 
and atmosphere) and providing open access model data to our community. 
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