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Abstract

Response of chlorophyll a concentrations to multi-scale

environmental variations in the Taiwan Strait

Regional response to global climate change has received increasing attention,
where temporal changes in marine ecological environments may differ from place to
place. The Taiwan Strait (TWS) represents atypical coastal ocean under the influence
of seasonal monsoon, therefore was chosen as the study area to show the
spatial-temporal variability of the surface chlorophyll a concentrations (Chl) and their
relationship with environmental forcing and ENSO index. Specifically, based on
multi-sensor satellite data and in situ measurements, we have examined the variability
of Chl and its response to environmental forcing a short-term, annua and
inter-annual scalesin the TWS.

First, in order to establish along-term, synoptic and accurate dataset, chlorophyll
a concentration (Chl) data products from the SeaWiFS (Sea-viewing Wide
Field-of-view Sensor) and MODI S (Moderate-resolution Imaging Spectraradiometer)
satellite sensors were validated using concurrent in situ data collected from three
cruise surveys in winter and summer 2004. The results showed that the satellite Chl
data product is generally accurate for most of the waters where Chl ranges between
0.1 and 10 mg m™, with overall RMS (root mean square) error in log scale smaller
than 0.35 and absolute percentage RMS error between 60% and 170% for the open
ocean and most of the shallow (<30m), coastal regions, respectively. There was no
large systematic error or significant bias in either satellite data set, and SeaWiFS and
MODIS showed similar spatial and temporal patterns as well as nearly identical Chl
(0.1 < Chl < 4 mg m®). Therefore, satellite Chl was believed to represent the true
biological state of the surface ocean.

Then, analysis of the QuikScat wind and AVHRR Sea Surface Temperature (SST)
showed that wind played a key role in the short-term SST variations in winter (2-8
January 2002), when distribution of the Zhe-Min Coastal Water, defined by
SST<=17°C, was highly correlated (R* ~ 0.90) with the strength of the northeast
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monsoon. During summer 1998, the extent of eutrophic waters (SeaWiFS Chl >1 mg
m®) was highly correlated with cold upwelling waters, but with alagging time of 1-2
days. The temporal changes of upwelling events were found different in the northern
and southern TWS, and the duration of one upwelling event in the western TWS in
August was estimated to be about 12 days. It appears that two distinctive northern
and southern upwelling systems in the western TWS were connected with, and
affected by, the East China Sea (ECS) and the South China Sea (SCS), respectively.

On seasonal scales, Chl distribution showed significant spatial heterogeneity,
which can be generally described by the spring-autumn double-peak in the north and
middle of the TWS, summer peak in the southwest, and non-significant peak in the
southwest. This spatial heterogeneity is closely related to the wind-driven seasonal
hydrodynamic changes in this region. During spring and autumn, nutrient-rich, low
temperature Zhe-Min coastal water co-existed with the nutrient-poor but warm waters
from the SCS, while during summer upwelling events often occurred at regional
scales. These processes modulated the nutrient budget as well as biological processes.

On inter-annual scales, high-SST, low-nutrient, and low-Chl were found in the
TWS during the El Nifio event in winter 1997-1998. Average SST was ~1.4°C higher
normal, and the area of eutrophic waters (Chl >1 mg m®) was halved, accompanied
with nutrient-poor waters in the mixed layer. These observations are consistent with a
diminished advection of the cold and eutrophic Zhe-Min Coastal Water, and,
concomitantly, an expansive intrusion of the warm and oligotrophic South China Sea
Warm Current/ Kuroshio Branch Water to the TWS as the northeast monsoon was
weakened.

Moreover, temporal patterns from the Empirical Orthogonal Function (EOF)
analysis showed that the upwelling strength in summer fluctuated from year to year,
which was confirmed by field observations. Such patterns showed covariance with the
alongshore component of the wind stress (upwelling favorable). It seemed that the
maximum and minimum area of upwelling-associated surface cold water could be
influenced by the El Nifio and La Nifia events. Although the low-Chl pattern in 2004
was found consistent with low-wind stress, weak upwelling, and low nutrient during

v
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that year, for the entire 8-year period between 1998 and 2005 no significant
correlation was found between Chl interannual variability and along-shore wind stress.
Hence, upwelling was not a unique factor to control Chl distributions at interannual

scales.

Key Words Sea surface temperature; chlorophyll a; upwelling; monsocon; El

Nifio; Inter-annual variability; remote sensing; ocean color; Taiwan Strait
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