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Kuroshio intrusion into the South China Sea with an anticyclonic eddy:

evidence from underwater glider observation

Subsurface temperature estimation from remote sensing data using a
clustering-neural network method
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Dissolved oxygen responses to tropical cyclones
"Wind Pump" on pre-existing cyclonic and

anticyclonic eddies in the Bay of Bengal

Huabing Xu'?, DanlingTang™’, Yupeng Liu™’, Ying Li*’
(1. College of Electronic and Information Engineering,
Guangdong Ocean University, Zhanjiang, China;
2. Guangdong Key Laboratory of Ocean Remote Sensing,
State Key Laboratory of Tropical Oceanography, South China Sea Institute of
Oceanology, Chinese Academy of Sciences, Guangzhou, China;

3. University of Chinese Academy of Sciences, Beijing, China)

This study examines how dissolved oxygen (DO) responds to tropical cyclones (TCs) "Wind
Pump" in a pre-existing cyclonic and an anticyclonic eddy over the Bay of Bengal (BoB) based on
Argo and satellite data. Both TCs induced DO temporal decreases in the subsurface waters (Deep
Depression BOB 04 with a pre-existing cyclonic eddy and cyclonic storm Roanu with a pre-existing
anticyclonic eddy) owing mainly to the storm-induced upwelling. The deeper oxycline caused by
the pre-existing anticyclonic eddy relieved the storm-induced shallow of oxycline during Roanu. On
the contrary, the pre-existing cyclonic eddy shoaled the oxycline, intensifying the storm-induced
shallow of oxycline during BOB 04. Furthermore, the pre-existing cyclonic eddy induced a long
time of DO decrease after BOB 04. This study suggests that the subsurface DO concentrations in
the BoB are affected mainly by storm-induced physical processes, and the mesoscale eddies also

play an important role.

(% A (Marine pollution bulletin) , 2019, 146, 838-847)
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Estimating Subsurface Thermohaline Structure of the Global Ocean

Using Surface Remote Sensing Observations

Hua Su', Xin Yang', Wenfang Lu', Xiao-Hai Yan 234

(1. Key Laboratory of Spatial Data Mining and Information Sharing of Ministry of Education,
National & Local Joint Engineering Research Center of Satellite Geospatial Information
Technology, Fuzhou University, Fuzhou 350108, China;

2. Center for Remote Sensing, College of Earth, Ocean and Environment, University of Delaware,
Newark, DE, USA;

3. Fujian Engineering Research Center for Ocean Remote Sensing Big Data, Xiamen University,
China;

4. State Key Laboratory of Marine Environmental Science, Xiamen University, Xiamen 361005,
China)

Retrieving multi-temporal and large-scale thermohaline structure information of the interior
of the global ocean based on surface satellite observations is important for understanding the
complex and multidimensional dynamic processes within the ocean. This study proposes a new
ensemble learning algorithm, extreme gradient boosting (XGBoost), for retrieving subsurface
thermohaline anomalies, including the subsurface temperature anomaly (STA) and the subsurface
salinity anomaly (SSA), in the upper 2000 m of the global ocean. The model combines surface
satellite observations and in situ Argo data for estimation, and uses root-mean-square error (RMSE),
normalized root-mean-square error (NRMSE), and R” as accuracy evaluations. The results show that
the proposed XGBoost model can easily retrieve subsurface thermohaline anomalies and outperforms
the gradient boosting decision tree (GBDT) model. The XGBoost model had good performance
with average R” values of 0.69 and 0.54, and average NRMSE values of 0.035 and 0.042, for STA
and SSA estimations, respectively. The thermohaline anomaly patterns presented obvious seasonal
variation signals in the upper layers (the upper 500 m); however, these signals became weaker
as the depth increased. The model performance fluctuated, with the best performance in October
(autumn) for both STA and SSA, and the lowest accuracy occurred in January (winter) for STA
and April (spring) for SSA. The STA estimation error mainly occurred in the El Niflo-Southern

Oscillation (ENSO) region in the upper ocean and the boundary of the ocean basins in the deeper
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ocean; meanwhile, the SSA estimation error presented a relatively even distribution. The wind
speed anomalies, including the u and v components, contributed more to the XGBoost model for
both STA and SSA estimations than the other surface parameters; however, its importance at deeper
layers decreased and the contributions of the other parameters increased. This study provides an
effective remote sensing technique for subsurface thermohaline estimations and further promotes
long-term remote sensing reconstructions of internal ocean parameters.

(4% 1 (Remote Sensing) , 2019, 11, 1598)

C JC T T T T T T T T T T T T T T T T N I I

Examining the salinity change in the upper Pacific Ocean during

the Argo period

2

Guancheng Li'?, Yuhong Zhang’, Jingen Xiao*, Xiangzhou Song’, John Abraham®, Lijing Cheng"

(1. International Center for Climate and Environment Sciences, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China;

2. College of Earth and Planetary Sciences, University of Chinese Academy of Sciences,
Beijing 100049, China;

3. State Key Laboratory of Tropical Oceanography, South China Sea Institute of
Oceanology, Chinese Academy of Sciences, Guangzhou 510301, Guangdong, China;

4. School of Marine Science and Technology, Tianjin University, Tianjin 300072, China;

5. College of Oceanography, Hohai University, Nanjing 210098, China;

6. University of St. Thomas, St. Paul, MN 55105, USA)

During the Argo period, the Pacific Ocean as well as the global oceans became saltier in
the upper-200 m from 2005 to 2015, with a significant spatial variability. Using Argo-based
observations and the Estimating the Circulation and Climate of the Ocean (ECCO), a salinity
budget analysis in the upper 200 m was conducted to investigate what controls the recent observed
salinity change in the Pacific Ocean. The results showed that the increasing salinity since 2005 was
mainly caused by a reduction of surface precipitation. The ocean advection dampened the surface
freshwater anomalies and rebuilt regional salinity balance. Both precipitation and advection are
closely associated with the sea surface wind anomalies, suggesting the wind-driven changes in

the ocean salinity field. A further analysis using an ocean objective analysis product and model
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simulations in addition to ECCO suggests that the recent salinity pattern since 2005 are related to
the Interdecadal Pacific Oscillation (IPO). This study also highlights the strong regulation of the
ocean salinity change by natural decadal variability in the climate system.

(# A (Climate Dynamics) , 2019, 1-20)
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Global thermosteric sea level change contributed by the deep ocean

below 2000 m estimated by Argo and CTD data

Le Chang, He Tang, Qiuyu Wang, Wenke Sun*
(Key Laboratory of Computational Geodynamics, University of Chinese Academy of Sciences,

Beijing, China)

Due to an insufficient amount of observational data, little is known about the temperature
variation in the global abyssal ocean and its contribution to sea level change. In this study, we
estimated the monthly seawater temperature below 2000 m from 2005-2015 by combining Array
for Real-time Geostrophic Oceanography (Argo) and conductivity-temperature-depth (CTD) data.
For this purpose, we divided the global ocean into 38 regions according to the CTD temperature
profile properties. For each region, we used CTD data to construct a mathematical model to
describe the relation of temperatures between 1000-2000 m and those below 2000 m. We then used
this mathematical model and the Argo data to reconstruct the temperature profile below 2000 m and
evaluate its thermostatic contribution to sea level change. We discovered that the deep ocean below
2000 m contributed 0.12 + 0.03 mm/yr to the mean global thermosteric sea level rise from 2005-
2015. Our result was confirmed by geodetic observations, i.e., the rate of thermosteric sea level
rise calculated using altimeter, Gravity Recovery and Climate Experiment (GRACE), and Argo data
was approximately 0.15 + 0.41 mm/yr. The contribution of each ocean layer generally decreased
with depth, and there was an obvious fluctuation between approximately 4000-5000 m, interpreted
as being caused by geothermal heating of the ocean floor.

(#% [ (Earth and Planetary Science Letters) , 2019, 524: 115727)
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Kuroshio intrusion into the South China Sea with an anticyclonic eddy:

evidence from underwater glider observation

LIU Zenghong', CHEN Xingrong®, YU Jiancheng3, XU Dongfeng', SUN Chaohui'

(1. State Key Laboratory of Satellite Ocean Environment Dynamics, Second Institute of
Oceanography, Ministry of Natural Resources, Hangzhou 310012, China;

2. National Marine Environmental Forecasting Center, Ministry of Natural Resources,
Beijing 100081, China;

3. State Key Laboratory of Robotics, Shenyang Institute of Automation, Chinese Academy of

Sciences, Shenyang 110016, China)

In this study, high-resolution temperature and salinity data obtained from three Sea-Wing
underwater gliders were used together with satellite altimeter data to track the vertical thermohaline
structure of an anticyclonic eddy that originated from the loop current of the Kuroshio southwest
of Taiwan, China. One of the gliders crossed the entire eddy and it observed a remarkable warm
anomaly of as much as 3.9°C extending to 500 dbar from the base of the mixed layer. Conversely,
a positive salinity anomaly was found to be above 200 dbar only in the anticyclonic eddy, with a
maximum value of >0.5 in the mixed layer. Below the mixed layer, water of higher salinity (>34.7)
was found, which could have been preserved through constrained vertical mixing within the
anticyclonic eddy. The salinity in the upper layer of the anticyclonic eddy was much similar to that
of the northwestern Pacific Ocean than the northern South China Sea, reflecting Kuroshio intrusion
with anticyclonic eddy shedding from the loop current.

(##% H {(Journal of Oceanology and Limnology) , 2019, 37, 1469-1480)
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Subsurface temperature estimation from remote sensing data using a

clustering-neural network method

Wenfang Lu', Hua Su', Xin Yang', Xiao-HaiYan>*"*

(I. Key Laboratory of Spatial Data Mining and Information Sharing of Ministry of
Education, National & Local Joint Engineering Research Center of
Satellite Geospatial Information Technology, Fuzhou University, China;

2. Joint Institute for Coastal Research and Management, University of
Delaware/Xiamen University, USA/China;

3. Center for Remote Sensing, College of Earth, Ocean and Environment,
University of Delaware, Newark, DE, USA;

4. Fujian Engineering Research Center for Ocean Remote Sensing Big Data,

Xiamen University, China)

The use of remote sensing observation to estimate subsurface oceanic variables, including
subsurface temperature anomaly (STA), is essential for the study of ocean dynamics and climate
change. Here we report a new method that combines a pre-clustering process and a neural network
(NN) approach to determine the STA using ocean surface temperature, surface height, and surface
wind observation data at the global scale. Gridded monthly Argo data were used in the training and
validation procedures of the method. Results show that the pre-clustered NN method was better
than the same method without clustering, while also outperforming a clustered linear regressor
and the random forest method recently reported. The new method was tested over a wide range
of time (all months from 2004 to 2010) and depth (down to 1900 m). Overall, our best estimation
resulted in an overall root-mean-squared error of 0.41 °C and a determination coefficient (R2) of
0.91 at the 50 m level for all months. The R2 decreased to 0.51 at 300 m but was still better than
the calculation without pre-clustering. This method can be expanded to estimate other key oceanic

variables and provide new insights in understanding the climate system.

(# B (Remote Sensing of Environment) , 2019, 229, 213-222)
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