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This thesis studies computational and algorithmic aspects of data assimilation. Data
assimilation is a methodology for synthesizing information from a dynamic numerical model and
observation data in meteorology and oceanography. In this study, the particle filter is adopted
as the main methodological tool to approach the problem. The thesis consists in two parts. In
Part 1, data assimilation with the particle filter is applied to fit a Tsumami-simulation model
to real Tsunami data. Several issues on statistical modeling and computational algorithms are
studied in Part 2 to challenge and overcome the existing difficulties in data assimilation.

Part I consists of six chapters.

Chapter 1 provides overview of Part 1, discussing importance of sea bottom topography
based on data assimilation in T'sunami study.

In Chapter 2, a new data assimilation framework is explained. Data assimilation is
formulated as a state estimation and/or a parameter identification problem in the state space
model.

In Chapter 3, the simulation model based on a system of partial differential equations
for describing shallow-water wave and the observation system for Tsunami data is described in
detail.

In Chapter 4, numerical experiments called identical twin experiments are performed to
validate the proposed method using two kinds of bathymetries; one is artificial bathymetry and
the other is the Japan Sea bottom topography. The results demonstrate that the new approach
works well for the purpose of correction of inaccurate bottom topography.

In Chapter 5, the framework developed from Chapters 2 to 4 is applied to real-data.
Sea-bottom profile around Yamato Rises in the middle of the Japan Sea is estimated based
on the tide gauge data of Okushiri (Hokkaido-Nansei-Oki Earthquake) Tsunami occurred in
the Japan Sea in 1993. The result indicates that Yamato Rises might be shallower than the
profiles obtained for the same area before. In this analysis, the simulation model has many
variables compared to ordinary statistical models. The model is nonlinear. These properties
cause difficulty in data assimilation.

Chapter 6 is the concluding chapter in Part 1.
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Part 2 deals with the difficulties in data assimilation which arises from high dimensionality
of states and the size of simulation models which could be very large.

In Chapter 7 and 8, other approaches in data assimilation such as the four dimensional
variation methods, ensemble Kalman filter are explained in detail. The particle filter is com-
pared with these two methods. Similarities and differences among three methods are discussed
to highlight the challenges.

In Chapter 9, numerical experiments are conducted to show advantages of the particle
filter over the ensemble Kalman filter under the condition that observation system is nonlinear.
A smooth bootstrap technique is discussed in view of relationship between ensemble Kalman
filters and genetic algorithms. Numerical experiments are also conducted under two types of
simulation models. Based on them, applicability of the smooth bootstrap technique in data
assimilation is discussed. |

In Chapter 10, a new scheme for the particle smoother employing recursive recomputation
is proposed. The smoothing distribution is computed in the reverse chronicle order in the
particle smoother. Suffering from repeated resampling, the computed smoothing distribution
deteriorates quickly as the smoother goes back to the initial time point. A reasonable approach
to overcome this problem is to increase the number of particles. However, this approach has
fundamental difficulty as follows. The space complexity of the generic particle smoother is linear
with respect to the length of the time series, storing the whole particles generated in filtering.
At each time step we need nontrivial storage to store the particles. Therefore, it is a formidable
task to store the whole particles in the particle smoother if the number of particles is increased.
The new scheme, called recursive recomputation scheme, reduces required storage from O(T) to
O(logT) at the cost of computing the filtering distribution O(log T') times, where T is the length
of the time series. The number of particles can be increased drastically. Numerical experiment
using Nikkei 225 stock index indicates clear advantage of the new scheme, computed with
particles 20 times more than before.

Chapter 11 is the concluding section.
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