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Hamana Lake is situated in the middle part of Japan and connected to the Pacific Ocean through a narrow inlet, thus this lake
has very high closeness. Hamana Lake has suffered environmental issues such as eutrophication, red tide and hypoxic water. To
reveal the characteristics of the water exchange and the material transport and to investigate the long-term variations in water
exchange and material transport, and an accompanying water quality change for about recent 50 years, and to clarify what
caused water quality changes, long-term measurements in Hamana Lake and short-term/intensive measurements in Inohana
Lake were analyzed and the physical and ecological systems of the lake were simulated by the coupled hydrodynamic and
ecological models.

The water exchange in the narrow channel that connects Inohana and Hamana Lakes is dependent upon wind. The flow in the|
channel had a two-layer structure with the outward (toward Hamana Lake) in the surface layer, but inward (toward Inohana
Lake) in the middle and bottom layers. The water exchange between Inohana and Hamana Lakes was 2.2 ~ 4.2 times greater,
than freshwater discharge. This freshwater went out of the lake through the surface only. This study proposes that the water inl
the middle and bottom layers went into Inohana Lake as compensating flow with the difference subtracting freshwater input
from the surface water-volume flux. The wind effect was also dominant over effects of tide and rainfall as for the vertical
mixing within Inohana Lake. Based on a two-layer structure in both the flow-field and the distribution characteristics of]
phosphorus in the channel: the outward average flow and particulate phosphorus in the surface layer, while the inward average
flow and dissolved phosphorus (primarily PO,-P) in the middle and bottom layers, it is suggested that the water exchange in the
channel causes the dissolved phosphorus to flow into Inohana Lake in the middle and bottom layers, and the particulate
phosphorus to flow out of the lake in the surface layer. On the basis of measurements and box model results, the phosphorus
retention in the bottom sediment has been increasing. The bottom sediment is a repository, and simultaneously a supplier of the
phosphorus into the water column during summer. The phosphorus release from the sediment and phosphorus input from
Hamana Lake are judged to play an important role to supply the phosphorus into Inohana Lake. Mathematical models for
oxygen and phosphorus the ultimate objective of which is to combine two models and predict the changes of bottom dissolved
oxygen and phosphorus concentrations associated with changes of the riverine phosphorus load were accomplished to construct
separately, although models were so simplified that some model results remained disagreement with observations.

The tide and salinity had increased before being stable around 1967. Generally, in Hamana Lake including Hosoe and Inohana
Lakes, prior to 1980, the dissolved oxygen concentration was relatively high. Overall, the NH,-N concentration was lowest
around 1965, and since 1980 has a tendency to increase. The PO,-P concentration had decreased since around 1965, and again
had gradually increased since 1980. As for causes of long-term variations in water exchange and water quality, jetties
construction, the water temperature rise and increase of phosphorus release flux are discussed. The construction of outside
jetties at the inlet led to the higher water exchange rate, which made the bottom water environment better. Since 1980, the water
temperature rise associated with global warming and the increases of phosphorus release flux are responsible for the
deterioration of water quality.

In long-term variation simulations from 1965 to 2002, tidal residual currents became stronger in 1984-1988 than 1965-1969.
However, the remarkable difference of tidal residual currents was not found between 1984-1988 and 1998-2002. Hence, tidal
residual currents had become stronger since the late 1960s, and the strengthened currents have continued until the present. The
distribution of salinity was similar to the tidal residual currents in three calculation years. The water exchange became better
between the 1960s and the 1980s, and has been sustained without more enhancements since the late 1980s. Such simulation
results were consistent with long-term measurements. Simulated long-term variations of phosphorus and dissolved oxygen were
somewhat different from observations, because the used model does not include mechanisms of oxygen and nutrients within the
sediment and simplifies mechanisms of oxygen and nutrients between the water column and sediment. In assessing for the
impact of jetties, owing to outside jetties, the sea water exchange with the ocean had improved and the water quality became
better. It is understood that the extension of the east-side jetty did not contribute to increase the tidal prism volume. The inside
jetties could not enhance the sea water exchange rate. This research suggests that the river discharge affects the flow- and
density-fields, and the estuarine circulation. These are also influenced by meteorological changes. The heat in the lake water
seems to have increased with year going, and the water temperature has been increased. Such water temperature change
affected biochemical processes. It was difficult to assess the impact of riverine nutrient loads by a simple comparison in this
study.




