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LONG-TERM GOALS 

The long-term goal of this project is to understand how the physical oceanographic 
processes within the region northeast of Taiwan in the East China Sea affect uncertainty 
predictions of both the ocean fields (temperature, salinity, density, velocity) as well as 
acoustic propagation (transmission loss, ambient noise, azimuthal variability of 
transmission loss). 

OBJECTIVES 

The primary objective of this project was to obtain high-resolution hydrographic 
observations over the outer continental shelf and upper continental slope in order to 
obtain error estimates for comparison with numerical model forecasts of the ocean 
circulation. This work involved close collaboration with Dr. Sen Jan of National Taiwan 
University for overall planning and execution of the Quantifying, Predicting, and 
Exploiting Uncertainty DRI as well as Dr. Joe Wang of National Taiwan University for 
the field work using the National Taiwan University SeaSoar. During both a pilot cruise 
in September, 2008 and the main field work in August/September, 2009, we did field 
work in close collaboration with Dr. Pierre Lermusiaux of MIT, who was running a data- 
assimilative regional ocean model and producing forecasts of both the ocean fields as 
well as uncertainty of the ocean fields. We have also been working with acousticians 
from the U.S. and Taiwan to determine how the shelfbreak processes we observed 
affected acoustic propagation and uncertainty during the field experiments. 

APPROACH 

We used the National Taiwan University SeaSoar as the primary tool for our 
hydrographic surveys. In September, 2008, we tested the instrument over the steep 
bathymetry over the shelfbreak and canyons in the area and worked out procedures to 
operate safely in the presence of strong currents, a strong commercial fishing presence, 
and weather constraints in the typhoon season. We also tested the communications via 
satellite transmission with the modeling group at MIT. 
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In August/September, 2009, we did three weeks of sampling which included ten days of 
SeaSoar operations. We successfully operated between the upper continental slope and 
mid-shelf regions. During the main experiment, we adjusted our hydrographic sampling 
based on the results of the MIT regional model as well as the Taiwanese broad scale 
hydrographic surveys. Our sampling was coordinated with research cruises led by 
researchers from the University of Washington and Scripps Institution of Oceanography. 
Our data was subsequently shared with the physical oceanographers and acousticians 
associated with the QPE program. 

TASKS COMPLETED 

We successfully completed the field observations and have been analyzing the data. An 
overview of the circulation in the region appeared in Sen et al. (2011) and an overview of 
the physical oceanographic processes including a description of the uncertainty forecasts 
appeared in Gawarkiewicz et al. (2012). A manuscript describing the characteristics of 
the internal waves and tides has been submitted (Duda et al., 2012) as well as a 
manuscript on the impact of the fresh water outflows resulting from Typhoon Morakot 
(Sen et al., 2012). Several other manuscripts are in preparation and will be submitted in 
the near future. 

RESULTS 

The study area north of Taiwan appears in Figure 1. The hydrographic surveys were in 
the region between Mien-Hua and North Mien-Hua Canyons, in close proximity to the 
Kuroshio current.   The most dramatic variability in the thermohaline (and soundspeed) 
fields was the passage of a fresh water pulse associated with the large rainfall over 
Taiwan from Typhoon Morakot. Salinity fields from three separate days before, during, 
and after the fresh water pulse appears in Figure 2. During this pulse, the average salinity 
along the 130 m isobath, just shoreward of the shelfbreak, dropped by 0.7 g/kg and the 
average density over the upper 60 m of the water column dropped by 1 kg/m . 
Observations over mid-shelf showed that this pulse extended shoreward at least 40 km. 
Associated with the fresh water pulse was a significant deepening of the thermocline with 
maximum vertical gradients lowered by roughly 40 m in the water column (Figure 3). 
After the passage of the fresh water pulse, a cyclonic eddy appeared on the upper 
continental slope which resulted in significant cross-shelf velocities in moored ADCP 
records. 

The SeaSoar fields have been shared with the modeling group at MIT for calculating the 
error distributions between the ocean model forecasts and the SeaSoar data. In general, 
the uncertainty forecasts from the model were accurate, with standard deviations for 
model-data misfits which were comparable to the predicted standard deviations of errors 
from the uncertainty forecasts. A manuscript on the verification of the uncertainty 
forecasts will be submitted in the near future. 

We are presently collaborating with acousticians from the U.S. and Taiwan to quantify 
the impacts of the oceanographic variability on the propagation of sound in the west 
branch of North Mien-Hua Canyon, and azimuthal dependence of transmission loss at 
two sites. 



IMPACT FOR SCIENCE 

The integrated international efforts on this project and the QPE field program provide the 
first field verification of uncertainty predictions for ocean model forecasts. The field 
program involved a number of different components including ship-based and 
autonomous sampling that enabled the regional ocean model to be initialized and updated 
to provide high quality forecasts for several days in a complex oceanographic 
environment. The internal wave and internal tide field in this region has been 
characterized and compared to other regions with more comprehensive measurements 
such as the South China Sea. The suite of observations also provides the first 
comprehensive measurements of the coastal ocean response in the East China Sea to the 
input of flooding from a major typhoon. 

This project also provides new insights into acoustic propagation in a complex 
oceanographic environment, the shelfbreak in the East China Sea. 

RELATIONSHIP TO OTHER PROGRAMS 

Techniques developed on this project have been used in the ONR program Quantifying 
Acoustic Uncertainty due to Marine Mammals and Fish near the Shelfbreak Front off 
Cape Hatteras. 
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Figure 1- The study area for the field work for this project, northeast of Taiwan in the 
East China Sea. The eastern, branched canyon is North Mien-Hua Canyon, and the 
western canyon is Mien-Hua Canyon. Taiwan is in the lower left portion of the figure. 
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Figure 2- A visualization of the salinity fields from three different surveys over the outer 
shelf and upper slope in 2009. Note the low salinity surface layer on August 31, 2009, in 
the middle panel. 
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Figure 3- A visualization of three separate surveys showing the temperature structure 
over the outer shelf and upper slope in 2009. Note the increasing temperature in the 
surface mixed layer between August 25 and 31 (left and middle panels) as well as the 
steeply sloping isotherms over the upper slope on September 5, indicative of an eddy 
over the continental slope. 
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