
Exploiting Seismic Waveforms of Ambient Noise
and Earthquakes

Thesis by

Zhongwen Zhan

In Partial Fulfillment of the Requirements

for the Degree of

Doctor of Philosophy

California Institute of Technology

Pasadena, California

2014

(Defended September 16, 2013)



ii

© 2014

Zhongwen Zhan

All Rights Reserved



iii

To my parents.



iv

Acknowledgments

My graduate study in Seismolab has been a very pleasant journey. My advisor Don

Helmberger has been extremely open and supportive about whatever I want to study

and, most importantly, teaches me how to enjoy waveforms as a seismologist. Hiroo

Kanamori is always available from Monday to Saturday (even Sunday) to discuss my

latest results and shows me the big picture before I get lost in details. Mark Simons

and Rob Clayton offer me a lot of insights in inverse problem and data processing.

Victor Tsai has been fun to talk with on any topics, great to collaborate with, and is

a good friend outside research. Jennifer Jackson has been a great academic advisor

and extends my seismological view to other planets.

I owe special thanks to Sidao Ni, who brought me into the field of seismology,

encouraged me to join seismolab to pursue my PhD, and gives constant support over

the years.

I will definitely miss the coffee hour every morning joined by Hiroo, Tom, Mark,

Rob, Mike, Pablo, Joann and many others. The coffee hour supplies not only a

significant part of my breakfasts, but also a lot of new ideas and critical thinking.

Over the years, I probably have learned more from the coffee hour than in classes.

Shixiong is a special concept for Chinese students. Daoyuan, Shengji, Risheng

and Lijun (with his wife Yun) are great examples of shixiong for helping me in many

aspects literally from the first day I arrived at Caltech. I also thank Dongzhou, Yihe

(with her husband Peng), Xiangyan, Ting, Junle, Dunzhu, Yiran and Yingdi for fun

activities in weekends and holidays.



v

South Mudd 358 has been a great office because of the wonderful officemates over

the years. Ravi, Michelle, Dan have been really helpful, especially in my stressful first

year. Dongzhou (also classmates and roommates), Yingdi, Chris, Rachel and Natalia

are all very friendly and make the office a nice place to work in. I also thank members

of the lunch group: Fan-chi, Victor, Yihe, Wenzheng, Wei, Bin, Tao, Wenbo, Zach,

Asaf, Florent and many others. It is fun to chat about everyone’s most preliminary

results and many other interesting topics. The lunch group largely compensates the

lack of variability in Chandler’s food. I also would like to thank Seismolab staff

members, who make the lab run well and our lives easier.

Finally, my deep thanks to my dear Qiong for her unselfish love and support,

especially during the busy and stressful times. To my uncle Jie, for his encouragement

over the years. To my warm and strong family, my father, mother and brother for

their enduring love and support, and their persistence through the tough times.



vi

Abstract

In this thesis, I apply detailed waveform modeling to study noise correlations in

different environments, and earthquake waveforms for source parameters and velocity

structure.

Green’s functions from ambient noise correlations have primarily been used for

travel-time measurement. In Part I of this thesis, by detailed waveform modeling

of noise correlation functions, I retrieve both surface waves and crustal body waves

from noise, and use them in improving earthquake centroid locations and regional

crustal structures. I also present examples in which the noise correlations do not

yield Green’s functions, yet the results are still interesting and useful after case-by-

case analyses, including non-uniform distribution of noise sources, spurious velocity

changes, and noise correlations on the Amery Ice Shelf.

In Part II of this thesis, I study teleseismic body waves of earthquakes for source

parameters or near-source structure. With the dense modern global network and

improved methodologies, I obtain high-resolution earthquake locations, focal mech-

anisms and rupture processes, which provide critical insights to earthquake faulting

processes in shallow and deep parts of subduction zones. Waveform modeling of rel-

atively simple subduction zone events also displays new constraints on the structure

of subducted slabs.

In summary, behind my approaches to the relatively independent problems, the

philosophy is to bring observational insights from seismic waveforms in critical and

simple ways.
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