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Observation analysis and mathematical model are two basic research methods in water
science. The advantage of observation analysis is that the accuracy and reliability of
the observed data are high, but the disadvantage is that the observed data are limited
in time and space. The advantage of the mathematical model is that the temporal and
spatial distribution of the model state variables can be simulated by the laws of internal
dynamics, but the disadvantage is that the model result is of high uncertainty. The data
assimilation technique can combine the advantages of mathematical model and observation
analysis. By integrating the observations into the mathematical model, the model state
variables are updated and the parameters are dynamically corrected. At the same time, the
uncertainty associated with the model is estimated to improve the accuracy and reliability
of model forecasting. In this paper, Particle Filter (PF) is applied to nonlinear and
non—Gaussian models as data assimilation method. PF is applied to the hydrodynamic model,
sediment transport model and water quality model (river phosphorus migration model and
algal bloom dynamic model), respectively. In the assimilation of the hydrodynamic model,
the one—dimensional unsteady flow model is adopted as the model of river channel flood
propagation, and the real-time hydrological observations are assimilated to update the
water level and discharge and correct the Manning roughness coefficient. The real-time

probabilistic channel flood forecasting model with PF is tested with synthetic and real-




world experiments in the upstream river reach of Three Gorges Dam (TGD) on the Yangtze
River, which shows an accurate and reliable preformance. In the assimilation of the
sediment transport model, the one-dimensional non—equilibrium suspended sediment
transport model is adopted to estimate the suspended sediment concentration (SSC), and
the real-time SSC observation is assimilated to update the SSC and correct the saturation
recovery coefficient, the coefficient and exponent in sediment carrying capacity formula.
The developed SSC data assimilation system with PF is applied to the Yellow River water
and sediment regulation process to evaluate its performance, which indicates that the
accuracy and reliability of the SSC estimation is enhanced and the parameters are
dynamically corrected effectively. In the assimilation of the river phosphorus migration
model, the hydrodynamic—sediment—phosphorus model is adopted to estimate the phosphorus
concentrations and the observed data of phosphorus concentration are assimilated to update
the phosphorus concentrations and correct the model parameters. The developed data
assimilation system of river phosphorus migration is applied to the Changjiang River
segment from Cuntan to Three Gorges Dam to evaluate its performance of estimating
phosphorus transport, which shows that the accuracy of estimation of phosphorus transport
can be enhanced significantly due to the effect of assimilation. In the assimilation of
the algal bloom dynamic model, Environmental Fluid Dynamics Code (EFDC) model is adopted
to simulate the algal bloom event and the observed chlorophyll a concentration 1is
assimilated to update the water quality state variables and correct the model time-varying
parameters. The developed data assimilation system of algal bloom dynamics with PF is
applied to the algal bloom events in Xiangxi tributary embayment of TGD reservoir to
evaluate its performance of predicting algal bloom. The results show that the new model
can improve the accuracy and reliability of the algal bloom prediction effectively and

correct the time—varying parameters dynamically.
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