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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Studies on quantitative monitoring of volcanic plumes using various types of radars

Name: KOBORI Takehiko

This thesis describes a radar-based observation methods for obtaining structure and kinematic
parameters of volcanic eruption columns, regardless of visibility conditions. We developed the methods
to detect eruptions at Sakurajima and determine the structure, density distribution, height, growth rate,
and horizontal advection velocity of the eruption columns. These results were confirmed to be
consistent with meteorological observations.

Chapter 1, we described related previous studies and the significance of this study. First, we
showed the impact of volcanic plume on surrounding areas and aircraft, and the importance of volcanic
plume observation for disaster prevention. Next, we described the limitations of conventional visible
observations and introduced previous research on volcanic plume observations using weather radars.
From the above, we set three goals of this study: (1) observations independent of visible conditions, (2)
quantitative acquisition of plume characteristics, and (3) observation of the plume's internal structure.

In Chapter 2, we introduced the characteristics of the radars used for the observations. We used
the Ku-band high-speed scan Doppler radar (Ku-RAD), the X-band marine radar (X-MRN), the X-band
MP radar (X-MP), and the Ka-band Doppler radar (Ka-DOP) in this study.

In Chapter 3, we presented the observation methods developed in this study. First, the data quality
control was shown. Next, the method for estimating the height, growth rate, and advection vector of the
volcanic plume, and the procedure for obtaining the three-dimensional internal structure of the volcanic
columns from the X-MP observation results were explained.

Chapter 4 presented the results of applying this method to the data. The results of eruption
detection and the maximum height of the volcanic plume were compared with the Kagoshima
Meteorological Observatory's volcano observation reports and previous studies. The plume height and
growth rate determined by X-MRN are plotted as a time series from the eruption. Cross-sectional
images of the eruption columns obtained by Ku-RAD and X-MP were shown.

Chapter 5 described the developed methodology and findings. Regarding eruptions during rainy
weather, we focused on changes over time in observation results. As an application of the advection
vector, we presented an example of ash fall nowcast. We also proposed a volcano observation system
that considers the characteristics of radar.

In Chapter 6, as a conclusion based on the results and considerations, the achievements of the three
objectives set in Chapter 1 was evaluated. As for (1), the superiority to visible observation was
confirmed, but the problem remained in observation during rainfall. Regarding (2) and (3), it was
evaluated that the objectives were achieved. Finally, we introduced the latest observation equipment
and web distribution of observation results and showed the future prospects of this research.



