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Abstract 

The Pacific Ocean plays an important role in regulating global carbon cycle by taking up 

and releasing CO2 from and to the atmosphere simultaneously. The world ocean has 

absorbed about 50% of CO2 emitted to the atmosphere by fossil fuel burning, and this 

ability has been suggested to continue at a relatively stable rate. The direct impact of ocean 

absorbing CO2 leads to the ocean acidification that can affect biological activities and the 

ocean carbon chemistry. Climate variability such as ENSO and PDO change ocean physical 

processes, impact on nutrient transport and biological productivity in the Pacific Ocean. 

Both short and long term variability of biological productivity, ocean acidification, and 

thermal dynamics influence on marine ecosystems by changing the habitat conditions for 

higher trophic levels. Here, we have developed coupled three-dimensional physical-

biogeochemical models to investigate carbon cycle and marine ecosystems in the Pacific 

Ocean. The physical model is based on the Regional Ocean Modeling System (ROMS), and 

the biogeochemical model is based CoSiNE model develop by my group during the past 10 

years. The coupled physical-biogeochemical model has been forced with atmospheric 

surface conditions during the past few decades, and the model results have been evaluated 

and improved with remote sensing and in situ observations. I will focus on the model 

analysis for the Western Pacific Ocean, and present a few examples to illustrate how to use 

coupled physical-biogeochemical models along with some observations to investigate 

carbon cycle, ocean acidification, and ecosystem dynamics in response to natural climate 

and anthropogenic changes. 
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Abstract 

The variability of O2 and nutrients is a fundamental constraint on changing marine 

ecosystems. Over the past half-century, dissolved O2 has declined while nutrients have 

increased in the North Pacific subarctic gyre. During the same time period, an enrichment in 

O2 and a depletion of nutrients occurred in the subtropical gyre. By analyzing historical 

datasets of O2 and PO4, we find that such coordinated changes are primarily driven by a 

southward shift in the western subarctic-subtropical gyre boundary. Observationally 

constrained simulations suggest that from the 1950s to the 2000s winds have induced a 

southward shift in the gyre boundary by approximately one degree. The shift alone can 

explain nearly 70% of subsurface temperature and salinity changes and at least 35% of O2 

and PO4 changes occurring in the Northwest Pacific. The unexplained portion of observed 

O2 and PO4 changes may reflect the importance of taking into account changes in ocean 

ventilation rates and multi-decadal gyre intensification. 
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Abstract 

State-of-the-art climate models have long-standing intrinsic biases that limit their 

simulation and projection capabilities. Significantly weak ENSO asymmetry and weakly 

nonlinear air-sea interaction over the tropical Pacific was found in Coupled Model 

Intercomparison Project Phase 5 (CMIP5) climate models compared with the observation. 

The results suggest that a weak nonlinear air-sea interaction may play a role in the weak 

ENSO asymmetry. Moreover, the results suggest that a weak nonlinearity in air-sea 

interaction in the models may be associated with the biases in the mean climate-the cold 

biases in the equatorial central Pacific. The excessive cold tongue bias pushes the deep 

convection far west to the western Pacific warm pool region and suppresses its development 

in the central equatorial Pacific. The deep convection has difficulties in further moving to 

the eastern equatorial Pacific especially during the extreme El Niño events, which confines 

the westerly wind anomaly to the western Pacific. This weakens the eastern Pacific El Niño 

events, especially the extreme El Niño events and leads to the weakened ENSO asymmetry 

in climate models. Accurate mean state structure (especially the realistic cold tongue and 

deep convection) is critical to reproduce the ENSO events in climate models. 

Our evaluation also revealed that the ENSO statistics in CMIP5 climate models are 

slightly improved than in CMIP3. The weak ENSO asymmetry in CMIP5 is closer to the 

observation. It is more evident in CMIP5 that the strong ENSO activities are usually 

accompanied by the strong ENSO asymmetry and the diversity of ENSO amplitude is 

reduced. 

 

 

Corresponding E-mail : yansun@qdio.ac.cn 

mailto:yansun@qdio.ac.cn


Ocean Science Symposium 2015, Busan 

Session 3 : Roles of Western Pacific Ocean circulation in warm pool and ENSO variability, Bio-Geo-Chemistry 

 

 

 
 
 

PDO and ENSO modulations intensifying decadal sea level variability in 
the tropical Pacific 

 

 

Jae-Hong Moon, Y. Tony Song, and HuiKyo Lee 

 
1 
Department of Earth and Marine Science, Jeju National University, Ara 1 Dong, Jeju si, 

 690-756, Republic of Korea 
2 
Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California, USA 

 

 

Abstract 

According to long-term sea level reconstruction and steric sea level data, regional sea 

levels in the tropical Pacific have oscillated between east and west on a decadal time scale 

over the past 60 years, but the oscillation has been intensified significantly in the last three 

decades. Using conditional composite analysis, we show that the recent intensification in 

sea level variability is caused by the odd modulation between the Pacific Decadal 

Oscillation (PDO) and El Niño-Southern Oscillation (ENSO), i.e., an El Niño in a positive 

PDO or a La Niña in a negative PDO phase. Our analysis of meteorological fields indicates 

that atmospheric circulation associated with the changes in ENSO-PDO phase relationship 

plays a positive role in enhancing the decadal sea level oscillation. The intensified sea level 

oscillation, when superimposed on the global trend of sea level rise, will have profound 

implications for coastal communities, therefore, the combined effect of PDO and ENSO 

should be taken into account in the decadal sea level prediction in the tropical Pacific. 
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Abstract 

It is investigated how the simulated Pacific Decadal Oscillation (PDO) differs among 

various coupled general circulation models (CGCMs), focusing on its relationship to the 

simulated atmospheric variation in the North Pacific. By analyzing the dataset of the 

historical runs of the 26 CGCMs of the Coupled Model Intercomparison Project Phase 5, it 

is shown that the differences in the PDO pattern among 26 CGCMs are closely related to 

diverse displacements of the simulated Aleutian Low (AL), that is, the PDO pattern is 

highly dependent on longitudinal and latitudinal position of the anomalous AL associated 

with the PDO (PDO-related AL). In particular, in the models that have the southward shift 

of the PDO-related AL, the North Pacific sea surface temperature anomalies (SSTAs) 

associated with the PDO tend to modulate the atmospheric circulation strongly, implying 

strong two-way feedback between ocean and atmosphere. The PDO in these models is also 

highly correlated with the variation of the Kuroshio Extension current, implying that ocean 

dynamical processes play an important role in developing SSTAs. 
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Abstract 

I will review recent work on the causes and influence of mixing in the tropical ocean in 

the western equatorial Pacific (WEP). Turbulence is found to be driven primarily by the 

shear associated with flow features that have a relatively small (order 10m) vertical scale. 

These flow features are a consequence of a combination of flow instabilities and wind 

driven inertia-gravity waves. The large seasonal to interannual variability of the currents, 

temperature and salinity in the WEP produce large changes to the level of turbulence in the 

region with it typically being enhanced during La Niña and suppressed during El Niño. 

Under certain conditions double diffusion is found to dominate vertical fluxes of heat and 

salt. When properly accounted for in coupled ocean/atmosphere models mixing in and 

above the ocean thermocline is found to have a profound impact on the state of the 

ocean/atmosphere system and its interannual variability. 
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Abstract 

Wind stress perturbations induced heaving in the world oceans can generate anomalous 

meridional, zonal and vertical heat flux (MHF, ZHF, and VHF), which are important 

components of the oceanic circulation and climate system. 

Using a simple reduced gravity model, the anomalous MHF, ZHF and VHF induced by 

heaving modes associated with idealized ENSO cycles in the world oceans are studied. For 

example, in a Pacific-like model basin 4-year cycle of the equatorial easterly can lead to 

anomalous MHF (ZHF and VHF) with the magnitude of 0.05PW (0.3PW and 0.6PW). 

Based in the GODAS data, the anomalous MHF (ZHF and VHF) induced by adiabatic 

motions consist of more than 80% of the climate variability signals on the inter-annual to 

decadal time scales. Thus, heaving induced signals may consist of a major part of climate 

signals on decadal time scales and thus play an important role in the oceanic circulation and 

climate change. 
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Abstract 

Processes leading to the onset and development of an El Nino event remain elusive in the 

tropical Pacific. Observational and modeling evidence is presented to demonstrate a 

mechanism by which a warm sea surface temperature (SST) anomaly (SSTA) can be 

generated along the North Equatorial Countercurrent (NECC) pathway near the date line 

over the western tropical Pacific. Observed interannual SST data are used to demonstrate a 

well-defined anomaly pattern along the mean NECC pathways in association with the onset 

and evolution of some El Nino events. Focused experiments using the GFDL Modular 

Ocean Model (MOM 3) are conducted to illustrate how a warm SST perturbation, 

prescribed as a forcing north of 10N similar to that observed in December 1988, evolve 

with time through the Low-latitude western boundary current (LLWBC) and the NECC. 

Within approximately 1 year, the thermal anomalies imposed off the equator tend to be 

advected with the mean pathways over the western tropical Pacific, following the LLWBC 

southward and then the NECC path eastward. In due course, an upper-layer ocean warming 

is generated in the off-equatorial region at 6-10 N, with a warm SSTA of ~ 0.2-1.0 C near 

the dateline. Furthermore, a sequence of forcing, response and feedback is demonstrated in 

association with the resultant warm SSTA: A simple atmospheric model is used to depict an 

expected wind response to the resultant SSTA, with westerly wind anomalies spawned over 

the western Pacific. These SST and wind anomalies are coupled together, forming air-sea 

interactions in the tropics and producing large anomalies. For example, the eastward NECC 

is intensified, acting to produce southward Ekman surface flows that converge onto the 

equator. Comparisons are also made with other onset mechanisms for El Niño in the tropical 

Pacific Ocean. 
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Abstract 

Nine decadal-scale surface air temperature (SAT) patterns in China during 1902–2007 

were obtained from Climatic Research Unit data using the self-organizing map based on the 

ensemble empirical mode decomposition. To further investigate the relationship between 

decadal SAT patterns in China and the Indo-Pacific warm pool (IPWP), we aggregated the 

selected nine neurons into three significant types based on the similarities of the reference 

vectors using a hierarchical agglomerative clustering approach. Among the three patterns, 

Pattern 1 is a cold pattern and Pattern 3 is a warm pattern. Pattern 2 is a medium mode, in 

which the west of China is cold, but eastern China is warm. The relationship between the 

IPWP and SAT in China at the decadal scale can be summarized as follows. When the 

IPWP is warmer, easterly wind anomalies are stronger over the equatorial Pacific Ocean, 

the IPWP shrinks westwards predominantly and the heat centre is to the west. Furthermore, 

easterly wind anomalies strengthen the trade winds, so that poleward energy transport by the 

ocean increases, while poleward energy transport by the atmosphere decreases in the tropics. 

Meanwhile, the Aleutian Low and East Asian trough strengthen, and the meridional 

circulation is dominated, which is of benefit to cold air from the high latitude that move to 

the southeast, making the temperature in China colder. In contrast, the warm pool is colder, 

and the westerly wind anomalies are prevailing, making the IPWP extending eastward. 

Zonal circulation is dominant in the mid-latitudes, which weakens the cold airflow into 

China and leads to warmer temperatures there. 
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Abstract 

The mixed layer salinity (MLS) budget of the tropical Pacific is investigated using results 

from a model of the Consortium for Estimating the Circulation and Climate of the Ocean 

(ECCO). The results focusing on the western Pacific freshwater pool indicate that the long-

term averaged surface freshwater flux is well balanced by ocean dynamics, in which the 

subsurface processes account for the major part. The MLS budget shows 

significant seasonal and interannual variability, as a consequence of interplay among surface 

freshwater flux, advection, mixing, and vertical entrainment. On seasonal time scale, both 

the MLS and mixed layer depth are largely controlled by surface freshwater flux. The 

opposite phase between the subsurface processes and the barrier layer thickness confirms 

the important influence of the barrier layer on vertical mixing and entrainment from below. 

On interannual time scale, all the MLS budget terms show significant ENSO signal, which 

in turn is highly correlated with the salinity front and barrier layer thickness in the 

equatorial Pacific.  
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