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Ph.D. Dissertation

Studies on Quantitative Evaluation of Changes in Connectivity in a Tsunami Disaster Landscape

Hidetake HIRAYAMA

In March of 2011 a huge tsunami devastated forest habitats along the coast of Sendai Bay in
northeastern Japan. Evaluation and monitoring of the changes in habitat connectivity caused by
this disaster are essential for managing the recovery of ecosystems and biodiversity. This study
develops an accurate and practical method for analyzing connectivity changes, which can be used for
designing ecosystem-based reconstruction projects. Three major issues were addressed in the
research. 1) The need to reduce the number of isolated pixels generated by current and previous
land cover classification methods, which render the classification results unsuitable for analyzing
connectivity. 2) The need for a method that can assess changes in connectivity due to a large-scale
disturbance such as a tsunami, as well as efficiently monitor changes during the subsequent period
of recovery and reconstruction. 3) The need for a practical system that can integrate the results of
the connectivity research into actual reconstruction projects.

In this dissertation, the overall background, objective and framework of the study are introduced
in Chapter 1, and a multiple classifier system, which responds to the first issue noted above by
reducing isolated pixels while maintaining classification accuracy, is introduced in Chapter 2.
Chapter 3 discusses the binary connection model which was employed to generate forest patch
network maps for 2010, just before the tsunami, 2011, immediately after the tsunami, and 2012 and
2016. In addition, two quantitative connectivity indices, the Integral Index of Connectivity and the
Class Coincidence Probability were used to assess the changes in continuity. The network maps
allowed clear visualization of changes in connectivity both for the original large-scale disturbance
and subsequent process of recovery and restoration, and were supported by quantitative results
from the indices. Chapter 4 responds to the third issue noted above, introducing a method for
identifying the areas where forest patch creation would be most effective for improving connectivity.
Shade maps show the quantitative and spatial effects of patch creation for improving connectivity,
and thus can serve as blueprints for deign of ecosystem-based reconstruction projects.

The research results are summarized and discussed in Chapter 5, focusing on new insights and
contributions in the fields of landscape ecology and remote sensing. The conclusions and future

directions for study are presented in Chapter 6.



