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Numerical Modeling of a Coupled
Physical-Biogeochemical System in the Java Sea
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Three-dimensional coupled hydrodynamic-biogeochemical model has been applied to
the Java Sea in order to analyze: (1) tidal current and mixing quantities; (2) tide- and wind-
driven current, (3) nutrients cycle and carbon fluxes, and (4) biogeochemical response to the
anthropogenic impact. The model retains the high horizontal and vertical resolutions and is
forced by the boundary conditions taken from a global model, monthly climatological mean
wind, rivers discharge, solar radiation and riverine input of nutrients. The biogeochemical
model is consisted of nitrate, ammonium, phosphate, phytoplankton, zooplankton, pelagic
detritus, benthic detritus, and carbonate system. We considered the nutrient benthic fluxes
and used cohesive sediment processes for benthic detritus at the bottom boundary layer.

A combination of a three-dimensional hydrodynamic tidal model and in-situ
measurements provides the structures of barotropic tides, tidal circulation and their
relationship with turbulent mixing in the Java Sea, in order to understand the impact of the
tides on material distribution. The simulated tidal elevations are in good agreement with the
data for the K; and M; constituents. The features of the K; and M, tides also are quite similar
to the previous reports. The modeled tidal current seems to be reasonable compared with the
observation. Model results showed that an intensification of K; tide caused by resonance
effects makes large mixing occur in the Java Sea. On the other hand, M, tide has rather
significant role for transport by residual flow as suggested by previous research.

Before investigating the coupled physical-biogeochemical system in the Java Sea, we
have tested the model performance through the small scale model of Jakarta Bay. Model
results of Jakarta Bay shows that the physical model results are much better than the physical
model of the Java Sea. Comparison between model results and field observation of nutrients
and chlorophyll a are also comparable each other where the model results could reproduce the
basic condition of ecosystem in Jakarta Bay. Model results also revealed that physical
processes have a direct impact on temporal and spatial distributions of ecosystem
compartments. ‘

Move on the Java Sea, the calculated tide- and wind-induced current shows that the
monsoon wind is dominant that controls the seasonal (monsoonal) flow pattern in the Java
Sea. Therefore, the Java Sea is influenced by tidal mixing vertically, but horizontally material
transport is under monsoonal flow pattern regime. The calculated surface chlorophyll a seems
good agreement with the satellite data. Model results of nutrients annual budget suggested
that the regeneration/excretion processes is the main source of nutrients in the entire Java Sea,
while the adjacent seas and riverine input are less. However, the nutrients riverine input has
an important role for the production along the coastal region/near rivers mouth. In addition,
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the standing stock of nitrogen is much higher than phosphorous, implying that the Java Sea is

somewhat phosphorous limited.

A Anthropogenic impact is mostly occurred in the coastal region/near rivers mouth (e.g.r

Jakarta Bay -JB and South Kalimantan-SK) due to higher nutrient riverine input. Primary

production is higher in JB and SK and also affects to the air-sea CO, fluxes in there. However,
JB and SK are still in oversaturation condition against the atmospheric CO,, because riverine

input (indirectly from the red-field ratio) will produce more TCO,. Tidal exchange, in this

case, produces daily fluctuations of the CO, fluxes. Sensitivity analysis study shows that
phytoplankton maximum uptake rate is the most sensitive parameter for the phytoplankton

biomass, while atmospheric CO, and total alkalinity is more sensitive to the CO, flux.

Overall, the entire Java Sea is the source of atmospheric CO, of 0.004 — 0.005 mol C/mz/year,

but relatively small compare to the equatorial Pacific upwelling region.
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