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In this study, data assimilation using Ensemble Kalman Filter is performed to improve the reproducibility of water quality model
for the numerical analysis of water environment in coastal areas. One main purpose of this study is assimilation of water quality data
in an estuary to get a better representation of Chlorophyll and dissolved oxygen (DO). Although data assimilation has been carried
out in the field of ocean science, there are little research on the data assimilation of water quality in coastal areas. In this study, we
conducted experiments on twin experiments and assimilation of data collected by Osaka Bay Water Quality Automatic Observation
System. The data assimilation is performed with the vertical profiles of chlorophyll and DO. In both twin experiments and real
data assimilation, the reproducibility of the horizontal distributions and the vertical distributions of chlorophyll and DO is well
improved. In order to obtain more reproducibility of them, it was necessary to further examine the setting of the observation error,
the adjustment of the assimilation influence radius, and localization methods. We also examined to optimize model parameters in the
water quality model. In the parameter optimization, there are some parameters that reach “true” values during the assimilation period,

but more examinations are necessary to estimate reasonable values for all model parameters.

Keywords: Water quality model, Ensemble Kalman Filter, data assimilation, parameter optimization, Osaka Bay

1. Introduction layers with the s-coordinate system so that the layer thickness is
Data assimilation has been applied in ocean sciences, thinner near the surface.
especially performed with global models or models for open We used Regional Ocean Modeling system (ROMS)" with

oceans. In coastal areas, data assimilation using nudging have a water quality model, which was modified to enhance the
been performed, and the data assimilation by a four-dimensional reproducibility of hypoxia in an enclosed bay. The schematic of
variational method and Ensemble Kalman Filter (EnKF) has the water quality model is shown in Fig. 2. In this water quality
become active in recent years. However, most of them are model, we handle phytoplankton, chlorophyll, zooplankton,
intended for physical phenomena, and there are rare applications ammonia nitrogen, nitrate nitrogen, phosphate phosphorus,
for the analysis of water quality and the environment. suspended organic matter, and dissolved oxygen (DO) as water
We use data assimilation not only to improve the simulation quality state variables.
reproducibility but to utilize them for the purpose of parameter
optimization. We got the opportunity to use the Earth Simulator.

In this report, we show the sensitivity analysis of assimilation

[94)

o

T
n
o

parameters of EnKF by twin experiments, the results of the

data assimilation using the vertical profiles of chlorophyll and

40

dissolved oxygen (DO), and an example of optimization of 40

parameters in water quality models.

Distance(km)
()

2. Settings
Target area of this study is Osaka Bay. We set the western

n

boundary in Harima Nada, and the southern boundary in Kii

Channel. The map and depth of the target area are shown in

Fig. 1. The horizontal grid spacing is 500 meters each, and 100

L . . . 0 10 20 30 40 50
the number of grids in the east and south directions is 117 and Distance(km)

124, respectively. The vertical water column is divided into 20 Fig.1 Grids and bathymetry of Osaka Bay.
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Fig.2 Schematic of water quality model.

3. Twin experiments and sensitivity analysis

We performed sensitivity analyses on changing the ensemble
number, localization methods and the assimilation influence
radius. Figure 3 shows the horizontal distributions of RMSE of
bottom DO at the end of the assimilation calculation performed
under the conditions of Case 1 with the radius of 5§ km and Case
6 with the radius of 2 km (August 8, 2012 at 0:00). Although
there was no significant change in RMSE of chlorophyll, RMSE
of the bottom DO tends to be higher if the influence radius is
small. This would be because the number of computational
grids that are affected by the assimilation has been reduced by
decreasing the influence radius. It would be summarized that the
influence radius is larger when considering the reproducibility

of the entire bay.

! .' 0.8
.‘ o/ 0.6
" * 0.4
° ﬁ\
0.2
Casel Caseb| |,
(mg/L)

Fig. 3 The horizontal distributions of RMSE of bottom DO; The

influence radius is 5km in Case 1 and 2 km in Case 6).

4. Assimilation of data obtained in Osaka Bay

We also performed data assimilation using the vertical profiles
of chlorophyll and DO with 1 m resolution obtained from Osaka
Bay Water Quality Automatic Observation System. From results
of the twin experiments, we assimilated the data with the number
of ensemble members of 20, the covariance localization method
for localization, and the influence radius of 5km.

Figure 4 shows the temporal change of RMSE of DO at
the observation point in four cases. Case 1, 2 and 3 are the
results with data assimilation and Case 4 is the result without
the assimilation. Difference between Cases 1-3 are caused

by the different settings of the observation error and vertical

137

interpolation before the assimilation. The data assimilation
reduces RMSE of chlorophyll and DO. Compared with the
results of Case 4, the temporal average of RMSE in Case 1
decreased by approximately 57% for chlorophyll and 53%
for DO. Figure 5 shows the vertical profile of chlorophyll
at the Kobe Port Wave Observation Tower at the end of the
assimilation calculation (August 8, 2012 at 0:00). The standard
deviations of the ensemble of Case 1-3 are indicated by blue,
red, and green shading and means of the ensemble in the cases
are indicated by solid lines, and the black dotted line represents
the calculation value in Case 4 (without assimilation). Red
circles are observations. When the data assimilated, the vertical

profiles of chlorophyll is better represented.

RMSE of DO(mg/L)

08/01 08/02 08/03 08/04 08/05 08/06 08/07 08/08
Fig. 4 The temporal change of RMSE of DO. Red, green and blue solid

lines are RMSE in Case 1, 2, 3 with assimilation; Black dotted

line is results without assimilation.
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Chlorophyli(mgChl/m®)
Fig.5 The vertical profiles of Chlorophyll at Kobe Port Wave

40

Observation Tower.

5. Parameter estimation in water quality model
It is not necessary to use an advanced assimilation method

like EnKF if we just obtain the better reproducibility. If one
uses EnKF or a four-dimensional variational method, one can
optimize parameters by regarding the model parameters as
control variables.

In this study, we also tried to optimize the model parameters
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in the water quality model. Figure 6 shows the temporal change
of the ensemble of the decomposition rate of sediment oxygen
demand (flux) at 20 °C, The standard deviation is indicated
by blue shading, while a solid blue line is the average of the
ensemble. The black dotted line shows “true value” of the
parameter and the red and green dotted lines are the maximum
and minimum literature values, respectively. As the assimilation
propagates, the parameter value becomes close to the “true
value.” While there some other parameters which become
closer to “true values”, some others do not. We need further
investigation to know whether EnKF can be used to optimize
parameters in water quality models applied for the analysis of

coastal water environment.

Variation of Parameter value
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Fig. 6 Temporal change of the flux of the sediment oxygen demand at
20°C.
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6. Summary

We performed data assimilation using the vertical
distributions of water quality substances in coastal areas,
and got the reproducibility of the distributions as expected.
However, it was under the strong influence of the parameter
for the setting of data assimilation. It is because the distance
between the observation sites is shorter than the scale of the
phenomenon compared with the difference in assimilation in an
open ocean. For application in coastal areas, further verification
of assimilation parameters and assimilation conditions is
necessary.

We also investigated the optimization of model parameters in
an water quality model. In this study, we got a limited number
of parameters that were correctly optimized. We need further
tests to develop the method to optimize the parameters better by
EnKF.
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