
 

Observations indicate strengthening of
tropical Pacific western boundary currents
for six decades
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Geostrophic currents retrieved from multi-decadal hydrological observational
data based on WOA18 ((a), (b), (d), (e), cm s?1) and the mean horizontal
absolute velocity |u| in the upper 200 m simulated by OFES ((c), cm s?1). The
black solid line in the intermediate panel (c) represents the location of each
section of geostrophic currents. Please note that the interval of velocity contours
in the moderately deep undercurrent areas is small. Credit: Science China Press
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Against the background of global warming, the energy budget of the
earth is out of balance with more than 90% of additional heat entering
the ocean.

The tropical Pacific Ocean has an important influence on the global
tropical climate and the climate of China, and the tropical Pacific
Western Boundary Currents (WBCs) that flow through it play an
important role in the climate system. Large-scale ocean circulation
redistributes ocean heat and mass and is hence one of the basic dynamic
processes that shape the earth's marine environment. The tropical Pacific
WBCs system is a key part of the global ocean circulation system.
Accurate assessment of the variation of the tropical Pacific WBCs is of
much significance for better understanding of the variability of the
Earth's climate system.

Recent study has shown that under the background of global warming,
the global mean ocean circulation has significantly accelerated over the
past 20 years, and this acceleration process is mainly in the global
tropical waters. However, it is not clear whether the tropical Pacific
WBCs will strengthen or weaken in the context of global warming, and
the key to answering this question lies in ocean observations.

Recently, an article titled "Multi-decadal trends in the tropical Pacific
western boundary currents retrieved from historical hydrological
observations" was published in the Science China Earth Sciences. The
research team led by Professor Shijian Hu, who is the first author from
Institute of Oceanology, Chinese Academy of Sciences, evaluated the
multi-decadal trends in the tropical Pacific WBCs using historical
hydrological observations collected in the past over 60 years.
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The volume transports ((a)-(e), unit: Sv) of the WBCs in the tropical Pacific and
the linear trends (f). The red and blue lines represent the transport variations
contributed by the temperature and salinity variations, respectively. The
percentage of a total trend related to each mean volume transport over the six
decades for each current is shown in panel (f) ("+" indicates increase). Positive
values in zonal currents (NEC, NECC, NGCUC) represent transports to the east
while positive values in meridional currents (KC, MC) represent transports to the
north. The red, blue, and black lines represent the trends over the periods of
1955-2017, 1965-2017, and 1965-2004 while the solid dot line represents the
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uncertainty defined as the standard deviation of trend-removed time series.
Credit: Science China Press

Hu's team focused on the tropical Pacific region and calculated the
geostrophic components of the North Equatorial Current (NEC), North
Equatorial Countercurrent (NECC), Mindanao Current (MC), Kuroshio
in the origin and the New Guinea Coastal Undercurrent (NGCUC) using
decadal mean hydrological observations from the World Ocean Atlas
2018 (WOA18), which is available from 1955 to 2017. Volume
transports of the WBCs and their multi-decadal trends are estimated, and
contributions of temperature change and salinity change to the trends are
discussed.

It was found that the NEC, MC and NGCUC show a significant
strengthening trend in the past six decades, mainly due to the
contribution of temperature change, and the trend pattern of dynamic
height is consistent with the WBCs trend. Zonal wind stress averaged
over the WBCs' latitudes of the western tropical Pacific is found to
accurately reproduce the decadal variability and multi-decade
strengthening trend of the WBCs. The authors suggest that the observed
intensification of WBCs is attributed to a strengthening of trade winds in
the western Pacific Ocean. This study provides important observational
evidence for estimating the multi-decadal trend of large-scale ocean
circulation in the western Pacific under a rapid climate warming.

  More information: Shijian Hu et al, Multi-decadal trends in the
tropical Pacific western boundary currents retrieved from historical
hydrological observations, Science China Earth Sciences (2021). DOI:
10.1007/s11430-020-9703-4
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https://phys.org/tags/trend/
http://dx.doi.org/10.1007/s11430-020-9703-4
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