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GP Online Info Session Schedule
• IGPP overview

• Geophysics graduate program overview

• Graduate school application process

• Geophysics student perspective

• Geophysics research group summaries


Deep Earth

Geodesy

Polar science

Marine geophysics

Seismology

Soft Earth Geophysics

Theoretical geophysics


• Questions
Contact    |    gp-admission@ucsd.edu 

https://igpp.ucsd.edu/
For more information about GP

https://igpp.ucsd.edu/


Institute of Geophysics and 
Planetary Physics (IGPP)

Scripps Institution of 
Oceanography (SIO)

IGPP ≈ geophysics

University of California, 
San Diego (UCSD)



IGPP Location







Interior photo by Jeremy Wing Ching Wong

First-year geophysics students have 
their offices in the Keller, which 
enjoys perhaps the best views at SIO

You could be here!



IGPP Size
• over 20 faculty in geophysics
• experts in seismology, geodesy, 

geodynamics, geomagnetism, marine 
geophysics, polar studies, and more

• strengths in theory, modeling, and 
observations (including instrument 
design)  



IGPP Science
•  Pioneers in instrument design 

and data collection

•  A tradition of theoretical rigor 
and innovative techniques



•  Integrated analysis using broad IGPP 
expertise to unravel the events’ complex 
rupture history and stress-mediated fault 
interactions

•  Three main slip episodes during initial Mw 
7.8 event with delayed rupture initiation 
to the southwest

•  The Mw 7.7 event occurred 9 hours later 
with greater slip and supershear rupture 
on its western branch

•  Dynamic rupture modeling can explain 
these unexpected rupture paths 

Zhe Jia (Green 
Scholar Postdoc)



•  Used satellite altimetry data to map 
subglacial water movement and reveal 
a previously unknown subglacial lake 
under Antarctica

• Important for ice flow and mass 
balance calculations

• 494 citations to date

Helen Fricker



•  Used remote sensing data to create 
new marine gravity map with 
improved resolution

• Discovered many new features, 
including extinct spreading ridges and 
uncharted seamounts

• 1480 citations to date

David Sandwell



• Applies regularization to stabilize 
inversion of electromagnetic 
sounding data, which have no 
unique solution

• A practical and computationally 
efficient approach to obtain the 
smoothest possible model

• 3572 citations to date

Steve Constable



Graduate Program in Geophysics 
Scripps Institution of Oceanography 



SIO and GP Overview
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Scripps Institution of Oceanography

Climate-Ocean-
Atmosphere 

Program (COAP)

Geosciences of 
the Earth, 

Oceans and 
Planets (GEOP)

Ocean Biosciences 
Program (OBP)

GEOP curricular Groups 
• Geophysics (you) 
• Geosciences 
• Marine Chemistry & 

Geochemistry

COAP curricular Groups 
• Climate Science 
• Physical Oceanography 
• Applied Ocean Science

OBP curricular Groups 
• Marine Biology 
• Biological Oceanography

Three degree names: MS or Ph.D. in 
• Earth Science (you) 
• Oceanography 
• Marine Biology

Common features across GEOP program 
• Three person guidance committee 
• Departmental exam 
• Encouraged to begin research in year 1 
• Qualifying exam with thesis proposal and Ph.D. 

committee by end of year three



Timeline
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Year 1

• Classes 
• Dept. Exam

• Classes 
• Research

• Research 
proposal 

• Form thesis 
committee  

• Qualifying 
exam

• Full time 
research

• Full time 
research

• Defense 
• Graduation

• Finish ASAP

Year 2 Year 3 Year 4 Year 5 Year 6 Year 7

Avg. Time to 
Ph.D.: 5.74 yrs



Timeline
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Year 1

• Classes 
• Dept. Exam

• Classes 
• Research

• Research 
proposal 

• Form thesis 
committee  

• Qualifying 
exam

• Full time 
research

• Full time 
research

• Defense 
• Graduation

• Finish ASAP

Year 2 Year 3 Year 4 Year 5 Year 6 Year 7

Avg. Time to 
Ph.D.: 5.74 yrs

Specifics of Year 1 
• Complete foundational course + electives. 
• Consult with Guidance Committee (dept. committee + advisor) what 

courses to take. 
• Consider research rotations during year 1. 
• Decide on advisor by spring so you can focus on research during the 1st 

summer. 
• Complete the Departmental exam (end of Spring).



https://scripps.ucsd.edu/education/courses#grad

SIO 200 B/C/A 2 Geophysics Research Skills: Geophysics Parnell-Turner Gabriel Constable
SIOG 223A 4 Geophysical Data Analysis I Morzfeld
SIOG 223B 4 Geophysical Data Analysis II Agnew
SIOG 225 4 Physics of Earth Materials Fialko
SIOG 234 4 Geodynamics  Sandwell
SIOG 239 4 Practical PDEs May

SIOG 227A 4 Introduction to Seismology Gabriel
SIOG 230 4 Introduction to Inverse Theory C. Constable
SIOG 233 4 Introduction to Computing Shearer
SIOG 236 4 Satellite Remote Sensing Fricker / Sandwell
SIOG 237 2 Space Geodesy Sandwell/Fialko/
SIOG 240 4 Marine Geology Charles / Gee
SIOG 232 2 Ethical and Professional Science C. Constable / S. 
SIOG 221 4 Plate Tectonics in Practice Parnell-Turner *
SIOG224 4 Internal Constitution of the Earth Stegman/Laske 
SIOG 227B 4 Structural Seismology Shearer/Laske * 

(23/24( 22/24SIOG 227C 4 Earthquake Source Seismology Fan/Gabriel
SIOG 231 4 Geomagnetism and Electromagnetism C. Constable/S. 
SIOG 229 4 Fundamentals of Gravity and Geodesy Borsa*
SIOG 239 4 Computational Tools for Inverse Problems Morzfeld*
SIOG 238 4 Numerical Methods for PDEs May*
SIOG 222 4 Intro. to Industry Reflection Seismic 

Methods

Foundational 1st year
Expected before qualifierElectives offered alternate years
Electives offered every year

Fall Winter Spring

Graduate Classes in Geophysics

http://www.ucsd.edu/catalog/courses/SIO.html#sio223a
https://mmorzfeld.scrippsprofiles.ucsd.edu/
http://www.ucsd.edu/catalog/courses/SIO.html#sio223b
https://dagnew.scrippsprofiles.ucsd.edu/
http://www.ucsd.edu/catalog/courses/SIO.html#siog225
https://yfialko.scrippsprofiles.ucsd.edu/
http://www.ucsd.edu/catalog/courses/SIO.html#siog234
https://dsandwell.scrippsprofiles.ucsd.edu/
http://www.ucsd.edu/catalog/courses/SIO.html#siog227a
https://scripps.ucsd.edu/profiles/algabriel
http://www.ucsd.edu/catalog/courses/SIO.html#siog230
https://cconstable.scrippsprofiles.ucsd.edu/
http://www.ucsd.edu/catalog/courses/SIO.html#siog233
http://www.ucsd.edu/catalog/courses/SIO.html#siog236
https://hafricker.scrippsprofiles.ucsd.edu/
https://dsandwell.scrippsprofiles.ucsd.edu/
http://www.ucsd.edu/catalog/courses/SIO.html#siog236
http://www.ucsd.edu/catalog/courses/SIO.html#siog240
https://ccharles.scrippsprofiles.ucsd.edu/
https://jsgee.scrippsprofiles.ucsd.edu/
http://www.ucsd.edu/catalog/courses/SIO.html#siog232
https://cconstable.scrippsprofiles.ucsd.edu/
https://sconstable.scrippsprofiles.ucsd.edu/
http://www.ucsd.edu/catalog/courses/SIO.html#siog227b
http://www.ucsd.edu/catalog/courses/SIO.html#siog227c
http://www.ucsd.edu/catalog/courses/SIO.html#siog231
https://cconstable.scrippsprofiles.ucsd.edu/
https://sconstable.scrippsprofiles.ucsd.edu/
http://www.ucsd.edu/catalog/courses/SIO.html#siog229
http://www.ucsd.edu/catalog/courses/SIO.html#siog236
http://www.ucsd.edu/catalog/courses/SIO.html#sio222


Geophysical Research Skills Sequence

10

Unique course series 
• SIOG 200 A, B, C 

• Learn how to make figures, make posters, prepare and deliver 
different styles of oral presentations. 

• Learn how to write (papers and proposals/fellowship applications). 
• Learn who to read and synthesize scientific literature. 

• Very popular course that is well received among the students. 

• Instructors: Dept. Exam Committee.



Departmental Exam
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Dept. Exam Committee  
• Ross Parnell-Turner (chair) 
• Alice Gabriel 
• Steve Constable 

• Helps with all things 1st-year.

Departmental Exam 
• Written:    Synthesize materials of foundational courses. 
• Oral:          Research and research paper discussion. 
• Senior graduate students help you prepare.

Steve 
Constable

Ross Parnell-
Turner Alice Gabriel



The first year support system
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Departmental Committee

GP Curricular Group Coordinator

Matthias 
Morzfeld

Departmental Committee + Your advisor = Your Guidance Committee

• Meets with you once per quarter. 
• Helps with choosing classes 

(together with advisor). 
• Coordinates GP Departmental 

Exam. 
• General resource for all things 1st- 

year-grad-school.
Steve 

Constable
Ross Parnell-

Turner Alice Gabriel



Geophysics Support System
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Incomplete list of other people you will probably interact with

• GP Curricular Group Coordinator (Matti) 
• Departmental Committee (Ross, Alice, Steve) 
• IGPP Director (Peter Shearer)  
• Megan Smith (Building/Facilities) 
• Netops (Computers, igppticket@ucsd.edu) 
• Your advisor(s) 
• Instructors of foundational classes 
• Fellow GP students 
• Your cohort

Peter Shearer 
(IGPP Director)

mailto:igppticket@ucsd.edu


Our Philosophy
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• Structured curriculum to provide foundational knowledge in 
geophysics.  

• Educational diversity in undergraduate studies is welcome: e.g. 
geophysics, geology, mathematics, physics, engineering, computer 
science. 

• Scripps provides a broad range of specialized and interdisciplinary 
courses as needed for your research interests - we encourage you to 
explore them. 

• We want you to find an exciting research project and have fun doing 
it. 

• We encourage you to take advantage of field and/or sea-going 
projects, great computational resources, within IGPP and Scripps. 

• The size of Scripps faculty means there is something for everyone, 
and a huge diversity of potential colleagues and collaborators - Inter-
disciplinary research activities are welcome.



Geophysics 
Graduate 

Admissions

Prof. Jennifer Haase

I literally took this picture 
Monday.



Scripps Graduate Application Assistance Program
• Scripps-GAAP encompasses two separate programs:
• Chat with a Scripps Scientist (CWSS)
• SIO-Applicant Support & Knowledgebase (SIO-ASK).

• These programs demystify the application and admissions processes 
and create a more personal connection to help "close the gap" in the 
number and depth of applications Scripps receives from underserved 
vs. better-served students and communities.
• Students of all backgrounds and/or demographics are welcome to 

apply to participate, especially those from traditionally 
underrepresented backgrounds who attend HBCUs, HSIs, and/or 
TCUs
• https://scripps.ucsd.edu/diversity/access-success/graduate-

application-assistance-programs

https://scripps.ucsd.edu/diversity/access-success/graduate-application-assistance-programs
https://scripps.ucsd.edu/diversity/access-success/graduate-application-assistance-programs


Application Process – Research Areas and 
Potential Advisors 

● A research project in itself. Search here for keywords and links:

● https://scripps.ucsd.edu/people/faculty

● Read up on faculty research on linked web sites and scholar.google.com
● Take a look at some of the classes. Do the topics look interesting? Are you 

ready to put in the effort to succeed in solving these kind of research problems.
● ie: https://topex.ucsd.edu/geodynamics/

● Contact potential advisors by email, with your background and interests

● You can view Potential Advisors and Projects for Fall 2024 Admission on the 
IGPP webpage https://igpp.ucsd.edu/students

● You can apply to the program here https://grad.ucsd.edu/admissions/

https://scripps.ucsd.edu/people/faculty
https://topex.ucsd.edu/geodynamics/
https://igpp.ucsd.edu/students
https://grad.ucsd.edu/admissions/


MS vs PhD
• The Scripps PhD program is a research-based doctoral program.

• PhD students are guaranteed five years of funding

• PhD students typically achieve their degrees after five or six years.

• Funding can be from Fellowships, Research Assistantships (ie linked to a faculty grant), Teaching 

assistantships (good for gaining experience teaching for an academic career)

• An MS degree is not required.

• PhD students often obtain their MS along the way.

• The Scripps M.S. program is a relatively new program designed as a terminal 
degree.
• M.S. students are self-funded and earn their degrees through either a one-year program with 

comprehensive exam, or a two-year program with a research thesis.

• Admission requirements are the same for MS and PhD



Application Process - Programs & Curricular 
Groups
● Select a program

○ the curricular group you choose will determine the required classes (if any) and your 1st year 

departmental exam 

● GEO (Geosciences of the earth, oceans, and planets) Program has 3 curricular groups: 

○ Geophysics 

○ Geosciences 

○ Marine Chemistry & Geochemistry 

● COAP (Climate-Ocean-Atmosphere) Program has 3 curricular groups: 

○ Climate Sciences 

○ Physical Oceanography 

○ Applied Ocean Sciences 

● Ocean Biosciences Program has 2 curricular groups: 

○ Biological Oceanography 

○ Marine Biology 



Application Process - Programs & Curricular 
Groups

• Choose all the Programs you are 
interested in (GEO, COAP, OBP)
• Areas of research interest may 

cross disciplinary boundaries
• Choose faculty whose research 

interests you, don’t worry if the 
topics don’t fit in the defined 
categories



Admission Criteria 
○ Academic Preparation

○ Grades and challenging / relevant courses
○ Research statement

○ Describe any past research experience, depending on opportunities it could be a 
significant class project that illustrates scholarly potential

○ Diversity Equity and Inclusion
○ Personal experiences or efforts to promote equity of access to higher education for 

marginalized groups and create an environment where all can succeed.
○ Alignment with the Research Program

○ SIO cannot admit a person to work in an area where we do not have sufficient 
expertise to advise/mentor

○ List potential advisors and describe common interests
○ Evidence or potential for growth

○ Describe strengths and weaknesses and the evidence or potential for growth
○ Think about long-term goals, why are you getting a PhD



Additional Tips
• Background in geophysics 
• Some universities don’t offer geophysics
• Some people discover later their interests in Earth science
• Majors that include foundational mathematics and physics are an advantage
• Geophysics/geoscience is not strictly required

● Diversity statement - Examples of EDI contributions include: 
○ leadership roles in community building activities
○ acts of social justice (e.g. advancing access for members of 

underrepresented groups)
○ evidence of initiative, leadership, and impact of efforts
○ evidence of overcoming adversity or hardship affecting access to 

opportunities, experiences or academic achievement.



Additional Tips

• Covid Statement
● Everything was affected by COVID

● Some opportunities were not available

● Explain any adversity and your efforts to compensate 

● Academic preparation
● Given COVID challenges, students may be interested in supplementing their 

preparation based on feedback during their discussions with faculty for 
example

● https://giddingslab.ucsd.edu/teaching/matlab-bootcamp-2022/

https://giddingslab.ucsd.edu/teaching/matlab-bootcamp-2022/


Additional Tips

● Reference letters
● Ask for letters from people that can speak to an individual project
● Could be a class project if you have had no access to research internships
● Don’t hesitate to remind them to get your letter in on time! 

● CV 
● Include not just jobs but projects that you were responsible for
● Describe skills - computational skills, leadership, teamwork 
● Evidence of progression and desire to learn



Important dates

● Application closes on December 6th, 2023
● February: Open House / campus visits for shortlisted or admitted 

students
● Most notifications of admission are received by April 1st
● Intent to Register Decision is due by April 15th
● Inquire about opportunities to work during the summer
● Orientation and Program starts mid-September



Areas of expertise of SDSU faculty are complementary to UCSD and can be found here:   https://earth.sdsu.edu/faculty/

https://earth.sdsu.edu/faculty/


Questions 
● What do you look for in a prospective student?
● Do you need to contact faculty prior to applying?
● Is it important to have a reply email from a professor to fill 

out the PhD application? Does no response from a professor 
mean zero chance of getting selected?

● Is admission offered in the winter?
● Are there other forms of funding besides fellowship 

opportunities?
● What if I majored in math, physics, engineering or some 

other field?



Additional information



Scripps Graduate Application Assistance Program
• Scripps-GAAP encompasses two separate programs:
• Chat with a Scripps Scientist (CWSS)
• SIO-Applicant Support & Knowledgebase (SIO-ASK).

• These programs demystify the application and admissions processes 
and create a more personal connection to help "close the gap" in the 
number and depth of applications Scripps receives from underserved 
vs. better-served students and communities.
• Students of all backgrounds and/or demographics are welcome to 

apply to participate, especially those from traditionally 
underrepresented backgrounds who attend HBCUs, HSIs, and/or 
TCUs
• https://scripps.ucsd.edu/diversity/access-success/graduate-

application-assistance-programs

https://scripps.ucsd.edu/diversity/access-success/graduate-application-assistance-programs
https://scripps.ucsd.edu/diversity/access-success/graduate-application-assistance-programs


Scripps Graduate Application Assistance Program
• Scripps-GAAP encompasses two separate programs:

• Chat with a Scripps Scientist (CWSS)
• SIO-Applicant Support & Knowledgebase (SIO-ASK).

• These programs demystify the application and admissions processes and create a 
more personal connection to help "close the gap" in the number and depth of 
applications Scripps receives from underserved vs. better-served students and 
communities.
• Students of all backgrounds and/or demographics are welcome to apply to 

participate, especially those from traditionally underrepresented backgrounds 
who attend HBCUs, HSIs, and/or TCUs
• https://scripps.ucsd.edu/diversity/access-success/graduate-application-

assistance-programs

https://scripps.ucsd.edu/diversity/access-success/graduate-application-assistance-programs
https://scripps.ucsd.edu/diversity/access-success/graduate-application-assistance-programs


Chat with a Scripps Scientist

• CWSS arranges one-on-one, introductory meetings between 
interested graduate school applicants and Scripps professors and/or 
current graduate students.
• CWSS will also offer a series of workshops crafted to help familiarize 

applicants with research and life at Scripps as well as the application 
process.
• Students who participate in all 4 workshops may be eligible for an 

application fee waiver.



SIO-ASK

● SIO-ASK is a mentorship program for prospective Scripps graduate 
students that matches applicants with current student mentors and 
provides personalized mentorship throughout the application 
process.

● https://scripps.ucsd.edu/diversity/access-success/graduate-
application-assistance-programs

https://scripps.ucsd.edu/diversity/access-success/graduate-application-assistance-programs
https://scripps.ucsd.edu/diversity/access-success/graduate-application-assistance-programs


Student Life at IGPP

Ellis Vavra (he/him)
4th year PhD candidate
Geophysics representative
SIO Grad. Student Council



SIO: 300+ total graduate students
● 50-70 incoming grad students per year

IGPP: 45 graduate students
● 41 PhD (8 JDP w/ SDSU), 4 MS
● 5-12 students per cohort
● 60% US/40% international

Some of the 2021 first-year cohortGeophysics student body

2023 field trip to San Andreas FaultParty for postdoc Dan Blatter



SIO: 300+ total graduate students
● 50-70 incoming grad students per year

IGPP: 45 graduate students
● 41 PhD (8 JDP w/ SDSU), 4 MS
● 5-12 students per cohort
● 60% US/40% international

According to themselves…

Geophysics student body



SIO: 300+ total graduate students
● 50-70 incoming grad students per year

IGPP: 45 graduate students
● 41 PhD (8 JDP w/ SDSU), 4 MS
● 5-12 students per cohort
● 60% US/40% international

According to themselves…

Geophysics student body

In 5 words or less, what do you study at SIO?/IGPP?

● Earthquakes
● Mapping/understanding 

seafloor 
phenomena/structures

● mid-ocean ridge 
seismicity

● Mechanics of strike-slip 
faults

● Planetary Geodynamics
● how water drives earth's 

deformation
● Electromagnetic imaging 

of earths structures
● Earth's magnetic field
● Earthquake dynamic 

rupture and tsunamis
● Earthquakes and other 

slip phenomena

● Planetary interior 
evolution numerical 
modeling

● Mid-ocean ridges
● Seismology
● geomagnetism and 

paleomagnetism
● Numerical modeling of 

subduction zones
● Surface Wave Seismology
● Earthquakes and 

engineering seismology
● Earthquake Seismology
● Data Assimilation for 

Cloud Microphysics
● Groundwater dynamics
● Structural seismology



IGPP Activities 

First year
● The Keller - GP first year office
● Peer mentor program

IGPP events
● IGPP coffee on Mondays
● Dept. seminar on Tuesdays
● IGPP Tea on Wednesdays

Student Events
● SciChat (student seminar) every 

other Thursday
● Monthly student events: pizza 

parties, beach days, meme 
competitions, scavenger hunts, etc.

● Happy hour (TG) on Fridays
● GP camping trip (?)

David Sandwell teaching geodynamics The Keller (1st year offices)Surfside student lounge: the home of TG happy hour

View from the Keller

Award-winning meme



Student-Led Groups/Activities at SIO 

Community Leadership
● Scripps Graduate Student Council (SGSC)
● Graduate Student Union Organizing Committee

Mentoring
● Peer mentor program
● SIO Application and Support Knowledgebase 

(SIO-ASK)

Outreach
● Scripps Community Outreach for Public 

Education (SCOPE)
● Rosa Parks Tutoring Program (RPTP)

Academic Interests
● Scripps Student Symposium
● Climate Journal Club
● Machine Learners Group 

Affinity Groups
● Queer@Scripps
● Women and Minorities in Science (WMIS)
● Parents and Caregivers Student Organization

Policy and Activism
● GPSA Legislative Advocacy Committee (LAC)
● Green New Deal at UCSD
● Graduate Student Union

Fun Stuff
● TG (beach-side happy hour)
● SIO Yarn Lovers
● Bike @ SIO
● Pier Gladiators (beach soccer)



San Diego according to GP students

● Cost of living :(
● The cost of living
● Cost of living... (SD has 

recently been ranked as 
the most expensive place 
to live in U.S.)

Beach! Weather! Food!

● The weather! :)
● the weather
● weather + seaside
● Proximity to the ocean
● The climate and the 

ocean in front of IGPP!
● Beautiful weather 

year round!
● Beach
● The beach
● The beaches
● beach, mexican food,
● beach, mountains, 

desert all in an hour 
drive; weather

● Breweries
● it's my hometown so 

friends and family are 
the best

● People are pretty nice 
and I get to look at the 
ocean every day which 
is wild

● Weather
● There's always new 

things to experience- 
museums, bars, zoos, 
beaches, hikes.

● Climate
● The weather/ climate
● the ocean
● Sunshine

Torrey Pines State Park

Tacos El Gordo Blacks Beach Surfing



San Diego according to GP students

Cost-of-living/Housing
● Cost of living :(
● The cost of living
● Cost of living... (SD has 

recently been ranked as 
the most expensive place 
to live in U.S.)

● bad urbanism + 
expensive

● It's expensive -_-
● cost of living
● Expensive rent
● Finding housing

Transit
● Traffic/Driving
● traffic and cost of living
● The drivers and traffic
● Having to drive 

everywhere
● Poor public transit
● Impolite drivers who 

don't appreciate turn 
signals >:(

Other
● there's a lot of beautiful 

places but they're often 
so CROWDED. i'd say 
solitude is a rare 
commodity in the city

● Terrain
● Lack of tree covered 

trails
● cold office all year 

round
● Nothing!



Living in San Diego
Housing

Transit

Commute time = 25 +/- 12 min

Rent  = $1120 +/- 260
Utilities = $92 +/- 94

SIO
UCSD



GP student favorite hobbies/pastimes:

GP student favorite restaurants
● Bahn Thai
● Tacos el Gordo
● pomegranate
● The Friendly
● menya ultra
● don carlos
● Taco Stand
● not sure
● Buona Forchetta
● Regents pizzeria

● Din tai fong
● sushi deli!
● Taco Stand
● The Yasai by RakiRaki
● Kura Sushi
● Rubios
● Cesarina
● Calvins Korean Hot Chicken
● Shancheng Lameizi Hot Pot
● Osteria Romantica 

Sunset from IGPP

Biking through SIO



Any questions?
Email me (evavra@ucsd.edu)

Scripps Graduate Application 
Assistance Program
https://tinyurl.com/mw24feez



Earth Interior & Geodynamics 
What lies deep below the surface, who studies it, and how?

Computational 
GeodynamicsSeismology

Electromagnetism, Geomagnetism,  
Geophysical Inversion

Gabi Laske Peter Shearer Dave May

Dave Stegman

Steve Constable

Cathy Constable

Matti Morzfeld

Theoretical, observational, and experimental approaches are all used


First hand experience in our major geophysical facilities:

•Ocean Bottom Seismograph lab


•Electromagnetic Lab


•IRIS/IDA (part of the global seismic network)

•Piñon flat geophysics observatory 



Upper Mantle Seismic Discontinuities
https://doi.org/10.1016/j.epsl.2020.116600

https://doi.org/10.1029/2020JB021624



• Evolution and seismic imaging of the Hawaiian mantle plume, volcanic chain and swell
• Seismic anisotropy and mantle dynamics, on land and in the oceans
• Regional and global seismology
• Analysis methods for seismic surface waves and free oscillations
• Reference earth models
• Seismic noise and the development and propagation of storms
• Natural disasters and global change

SWELL & the Hawaiian Plume

Using Seismology to image the deep interior 

Normal Modes



Electrical Resistivity below Nicaragua

Naif et al. 2016

Subduction

Electrical Conductivity of the Mantle
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Combine regularized inversion, Bayesian 
sampling, and “randomize then optimize”



Paleofield Modeling- Geomagnetic Field from Earth’s Core  
Surface field strength from 85 ka to present

Geomagnetic Variations on all time scales

Can machine learning reveal precursors of 

reversals of the geomagnetic axial dipole field?

Stochastic Modeling of the geomagnetic field

Can one use Earth’s magnetic axial dipole field intensity 

to predict reversals?
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Why you should do geophysics graduate work at Scripps

•Challenging and exciting PhD program in a large, supportive community. Lots of choice about what to do.


•Alumni have great careers in research, industry, and policy


•Well-established program with clear structure, funding, and timelines


•Collaborative faculty engaged in all aspects of geophysics


•Theoretical, observational, and experimental approaches are all used


•Numerous opportunities for professional training


•First hand experience in our major geophysical facilities:

•Ocean Bottom Seismograph lab


•Electromagnetic Lab


•IRIS/IDA (part of the global seismic network)
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2024-25 Academic Year

We invite applications for fully funded graduate student fellowship (stipend and tuition) for 
PhD study in Geodesy within the Geophysics Program (GP) at the Institute for Geophysics 
and Planetary Physics, UCSD.  The 5-year fellowships are funded by the National Geodetic 
Survey to develop a time dependent geodetic reference system for Western North America 
based on combined GNSS and InSAR.  We seek applicants with backgrounds in geodesy, 
geophysics, physics, mathematics, and computing as well as an interest in pursuing a PhD in 
a field that uses Geodetic Science for exploring the Earth. Our flexible curriculum and 
multidisciplinary researchers enable us to welcome graduate students from a diverse range 
of backgrounds in science and engineering, with the goal of expanding the pool of Geodetic 
Scientists who are well prepared for future careers in academia, industry, or public service. 
These fellowships are open to both U.S. citizens and permanent resident aliens.  
Applications for the Fall of 2024 will be open early September with a deadline in early 
December, 2023 ( https://scripps.ucsd.edu/doctoral/admissions/how-apply )



Geodesy Curriculum
This proposal includes funding for new graduate students. The students 
are expected to take the Geodesy curriculum and have a geodesy-related 
thesis.  One or more of the students should focus on  time dependent 
geodetic reference system for western North America based on combined 
GNSS and InSAR.
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Ice sheet-ocean interaction
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• Ice sheet mass balance
• Ice shelf mass loss processes
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67 Basler, East Antarctica:
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Atmospheric rivers delivered large quantities of snowfall to West Antarctica

Adusumilli et al., GRL, 2021
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the locations of the temporary and permanent seismic stations
in the study area. In this study, we also use data from the five
permanent broadband stations in the vicinity—IMP, WMD,
RXH, DRE, and SNR (network code CI; Fig. 1b) for evaluating
the data recorded by our temporary stations.

Broadband Stations
Three temporary broadband stations were installed to augment
the existing permanent seismic stations around the DAS array
(Fig. 1b). They were operational for ∼1 yr (approximately mid-
September 2021 to mid-September 2022), out of which they
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Figure 1. (a) Seismotectonic map of the study area. The circles color
coded by depth show historical seismicity from 1981 until the
beginning of the nodal deployment from the revised version of the
Hauksson et al. (2012) catalog. The black thick curve traces the path
of the fiber-optic cable (∼27 km) on which Ajo-Franklin et al. (2022)
acquired distributed acoustic sensing (DAS) data. Other features are
major producing geothermal fields (GF, purple polygons, approxi-
mate outline), major cities (white polygons, approximate outline),
Brawley Seismic Zone (BSZ, dashed brown polygon), historical faults
(brown lines), and Holocene to latest Pleistocene faults (gray
lines) from the U.S. Geological Survey and California Geological
Survey fault database (see Data and Resources). The major faults or
fault systems are BSZ, Imperial fault (IF), Superstition Hills fault (SHF),
and Superstition Mountain fault (SMF). (b) The circles color coded

by depth show seismicity during the period of nodal data
acquisition from the Southern California Earthquake Data Center
(SCEDC) catalog, with their size scaled by magnitude. The squares
and triangles are different types of seismic stations. Names are
mentioned for all seismic stations, with the names of nodal stations
shortened by removing the first two common letters “10” for clarity
(for example, station 30 is actually station 1030). The yellow arrow
north of the Salton Sea geothermal field (SSGF) points to the yellow
square outlining the dense cluster of nodal stations around the
Hudson Ranch (HR) geothermal power plant. An expanded view
focusing on this area is shown in Figure S1. Meaning of other
symbols is the same as in panel (a). The color version of this figure is
available only in the electronic edition.
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events comprising a given cluster (e.g., Artusi et al., 2002). We retain clus-
ters for which the absolute value of the correlation coefficient is greater or 
equal to 0.5. We further fit a straight line segment to the respective sets of 
points for each cluster, and compute the mean normalized distance δ between 
the points and the best-fit line as the mean of distances from the points to 
the line, divided by the line length. We discard clusters for which δ > 0.1. 
Since we are interested in strike-slip faults, we discard clusters for which 
the dip angle of either P or T axis is greater than 40°. Finally, we perform a 
visual check to discard clusters in which the events are too sparse, unevenly 
distributed, hard to distinguish from the background seismicity, or organized 
in sub-clusters with significantly different orientations. Figure S2 in Support-
ing Information S1 shows several examples of the culled out “low quality” 
clusters, and Figure 3; Figures S5–S16 in Supporting Information S1 show 
QLCs that satisfy the above criteria. Out of the 1181 QLCs initially identified 
by LINSCAN (Figure S4 in Supporting Information S1), 332 QLCs passed 
the quality checks, and were used in the subsequent analysis.

To separate the sets of right- and left-lateral faults, for each QLC we compute 
composite focal mechanisms by summing up the moment tensors of indi-
vidual events normalized by their scalar moments (Fialko, 2021). Given the 
fault plane (revealed by the QLC strike) and polarity of the composite focal 
mechanism, we determine the sense of slip on each identified fault. Consist-
ent with the approximately north-south orientation of the principal strain 
rate axis (Figure S3 in Supporting Information S1), right-lateral faults strike 

predominantly north-west, and left-lateral faults strike predominantly north-east (Figure 4). Figure 2 shows the 
locations of the identified right- and left-lateral faults (red and blue dots, respectively). In total, there are 195 
left-lateral faults and 137 right-lateral faults. The left-lateral faults have predominant strikes of ∼20–30°, and 
right-lateral faults strike between ∼300–340° (Figure 4). The dominant orientations of active faults shown in 
Figure 4 are consistent with orientations of the right- and left-lateral Quaternary fault traces in our study area 
(Figure 1). The dihedral angles between the identified QLCs (Figure 2) are calculated by taking the difference 
in fault strikes for every possible pair of right- and left-lateral faults (Fialko, 2021). Figure 5 shows the resulting 
distribution of dihedral angles. Similar results are obtained when we limit the distance between conjugate faults 
to be less than 5 km, although the number of samples is substantially reduced.

3. Discussion
The calculated dihedral angles are nearly normally distributed with a peak around 70° (Figure 5). The majority 
of the identified conjugate faults are thus at higher angles compared to optimal orientations predicted based on 
the Mohr-Coulomb theory (Anderson, 1951; Sibson, 1974), and observed for example, in areas of fluid-induced 
seismicity in the central US (e.g., Alt & Zoback, 2017; Schoenball & Ellsworth, 2017; Skoumal et al., 2019), but 
similar to those observed in the Ridgecrest area of the Eastern California Shear Zone (e.g., Fialko, 2021; Fialko 
& Jin, 2021; Ross et al., 2019). The characteristic dimensions of faults or active fault patches used in our analysis 
vary from 75 m to 3 km, with the mean value of 0.5 km (Figures S4–S16 in Supporting Information S1). Rupture 
dimensions of individual earthquakes comprising the respective earthquake clusters are smaller still. The small 
rupture size has several implications. First, a substantial fraction of the identified small-scale ruptures are not 
associated with mature well-slipped faults, and thus not linked to the ductile substrate, precluding a possibility 
that their orientations are controlled by localized shear zones below the brittle-ductile transition (e.g., Fialko & 
Jin, 2021; Liang et al., 2021; Scholz & Choi, 2022; Takeuchi & Fialko, 2012, 2013). Second, small ruptures are 
not expected to produce strong dynamic weakening, so that their strength may be to the first order governed by 
quasi-static friction (e.g., Fialko, 2015; Lapusta & Rice, 2003).

In the area of interest, the principal axes of both the maximum horizontal shortening rate (Figure S3 in 
Supporting Information S1) and maximum compressive stress (Yang & Hauksson, 2013) are oriented approx-
imately north-south. Results shown in Figure 4 indicate that populations of right- and left-lateral faults are not 
symmetrically distributed around the axis of the maximum shortening rate and/or compression. While most of 

Figure 2. Gray dots: catalog epicenters (same as in Figure 1). Red and blue 
dots: quasi-linear clusters of epicenters with right- and left-lateral sense of 
slip, respectively, identified by our analysis. A total of 332 clusters are shown, 
including 195 left-lateral clusters and 137 right-lateral clusters. The minimum 
and maximum cluster lengths are 76 m and 3.05 km, respectively.
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kinematic slip at depth on F1 and F2 and a more localized slip patch 
at shallow depth on F2. The latter is probably owing to the Occam’s 
razor principle implicitly preferring simple, localized slip distribu-
tions (Methods).

Our aftershock-calibrated backprojection (Supplementary Table 3 
and Methods) of Alaska array data implies orthogonal rupture dur-
ing the foreshock (Fig. 2c), in agreement with our modelled earth-
quake dynamics. Backprojection captures an approximately 6-km 
northwest-propagating rupture on F1 followed by rupture to the 

southwest tip of F2. From beam power analysis (Fig. 2d), the inferred 
high-frequency radiators on F1 and F2 appear equally significant. The 
normalized backprojection beam power resembles the apparent array 
moment rate of the dynamic rupture model, specifically its two distinct 
peaks linked to consecutive slip on F1 and F2. In contrast, dominat-
ing slip on F2 is characteristic in other published kinematic models 
(Fig. 2d) and observational moment rates show a weaker early phase 
than our dynamic model. This may reflect the generally lower sensitivity 
of kinematic methods to deep slip, especially when overprinted by a 
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Fig. 3 | Dynamic rupture scenario of the Ridgecrest mainshock and 
comparison with observations. The details are the same as in Fig. 2. a, Snapshots 
of absolute slip rate (see also Supplementary Video 2). b, Fault slip of the dynamic 
rupture model (top) and kinematic PSI (bottom). c, Aftershock-calibrated 
backprojection (based on 0.1–0.5 Hz and 0.25–1 Hz frequency bands, 
respectively). d, Dynamic rupture moment release rate and backprojection 

beam power compared with kinematic models. e, Fault-parallel surface  
offsets along F3. f, Horizontal (NS) coseismic surface deformation. Synthetic 
horizontal displacement vectors are scaled by 0.1 m and 0.2 m and the 
underlying map view shows modelled NS displacements. g, Comparison of 
synthetic (red) and 1-Hz continuous GPS observations35 (black). h, Comparison 
between synthetic (red) and recorded regional seismograms (black).
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Atlantic to understand variations in crustal accretion style, transform fault seismicity, and hydrothermal vent 
distribution at this less well known section of the MAR.

2. Hydroacoustic Data
A network of moored autonomous PMEL/NOAA hydrophones was deployed between 2011 and 2015 at 
∼1,000 km spacing around the MAR in the equatorial Atlantic Ocean (Figure 1), spanning from 20°N to 10°S. 
Each instrument was placed within the acoustic low-velocity zone known as the Sound Fixing and Ranging 
(SOFAR) channel (approximately 800 m below the sea surface), and data were recorded between 10 August 
2011 and 13 January 2015, yielding 1,252 days (3 years and 5 months) of monitoring. Instrument deployment 
and recovery schedules meant that the number of hydrophones simultaneously recording varied during the exper-
iment, with all eight instruments operating for only 1 month in 2013. Waveform data were recorded at 16-bit 
resolution and a sampling rate of 250 Hz; further instrumentation details are given in Dziak et al.  (2004). In 
order to improve spatial and temporal coverage, data from hydroacoustic station HA10 (Ascension Island) were 
also used, which is operated by the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) and records 
data at the sampling rate of 250 Hz (Okal, 2001). Station HA10 consists of two hydrophone triplets, arranged as 
a pair of arrays of three hydrophones on an equilateral triangle with ∼2 km separation, located to the north and 
south of Ascension Island. For this study, waveform data recorded by two hydrophones (HA10S2 and HA10N1) 
were used, which were both continuously recording while the PMEL/NOAA moored hydrophone network was 
operating.

Figure 1. (a) Bathymetry and seismicity in equatorial Atlantic Ocean (bathymetric data from Ryan et al., 2009). Pink dots are hydroacoustic T-phase origins from 2011 
to 2015 (this study); black circles are teleseismic events from International Seismological Center (ISC) catalog from 2011 to 2015; white/gray triangles are hydrophones 
from EA and CTBTO networks, respectively; stars are NMAR array (Smith et al., 2003). (b) Bars are recording periods for hydrophones used to detect T-phases. (c) 
Time series of recording network, and event count. Black line is number of EA hydrophones recording; light/dark pink lines are total/groomed hydroacoustic events, 
respectively; gray line is number of teleseismic events (ISC catalog).
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southern branch sliding toward an azimuth of 175°. The CSF model indicates an initial sliding direction of 139° 
(Figure S10 in Supporting Information S1), which is more consistent with the trajectory of the northern branch. 
Therefore, the northern subevent likely occurred first. The horizontal trajectory calculated from the CSF model 
can only match the topographic features at the northern branch up to 30 s, while the total failure process lasted for 
about 140 s (Figure S10 in Supporting Information S1). The observations indicate that the southern branch may 
have occurred from 30 to 140 s, suggesting that the two branches were from one landslide. We denote the northern 
and southern branches as subevent 1 and 2, respectively.

We therefore divide the CSF model into two parts to study the spatiotemporal evolution of the two subevents. 
The starting time of subevent 2 is determined by comparing the CSF horizontal trajectory to the topographic 
features (Text S1 and Figure S10 in Supporting Information S1). The trajectory is the displacement integrated 
from the horizontal accelerations, which are obtained by dividing the mass estimates (1.5 × 10 9 kg for subevent 
1, 3.5 × 10 9 kg for subevent 2) from the horizontal centroid single forces. The results show that the transition 
between the ending of subevent 1 and the initiation of subevent 2 most likely occurred at 40 s. There may have 
been a short overlap between the two subevents because the three-component centroid forces do not synchro-
nize to zero at the same time, suggesting a possible concurrent ending and starting of the two subevents during 
30–40 s.

While subevent 1 is relatively simple with one episode of sliding with a linear trajectory (Stage 1), subevent 
2 likely had four sliding stages lasting for about 100 s (Stages 2–5 in Figures 10a and 5d–f). Subevent 2 likely 
initiated from Area B in Figure 10c and slid toward a direction of 185° (Stage 2). The mobilized materials hit a 
mountain ridge with a southeast strike at 67 s and then turned toward a direction of 94°, sliding for another 23 s 
(Stage 3). Bounded in a valley, the subevent was forced to turn toward 164° at 90 s again and then moved along an 
incision valley from 90 to 120 s (Stage 4). When the failure material reached the bottom of the mountain at 120 s, 
the vertical centroid single force dropped to zero due to the low topographic relief, and the runout gradually lost 
its momentum (Stage 5). The Stage 5 sliding caused the material to spread out in a local basin with an approxi-
mate footprint of 1.25 km 2 (Figure 10a). Visual inspections of the Sentinel-2 and Google Earth satellite imagery 
(Figures 8c and 10a) suggest a possible overshoot of the failure material at the end of Stage 2. Some landslide 
material may have slid beyond the ridge around 50 s.

The peak sliding velocity of subevent 2 is about 39 m/s, assuming a failure mass of 3.5 × 10 9 kg. The sliding veloc-
ity is comparable to the 2015 Taan Fiord and the 2016 Lamplugh Glacier landslides (e.g., Dufresne et al., 2019; 
Gualtieri & Ekström, 2018). The failure processes of the two subevents inferred from the CSF model (horizon-
tal displacements) match well with the trajectories identified from morphology features using satellite images 
(Figure 10). The vertical displacement is not used for inferences because it does not match the elevation changes 
(Figures S8 and S9 in Supporting Information S1). This is not surprising as CSF models of other landslides also 

Figure 10. Inferred failure process of the 2017 Wrangell Mountains landslide. (a) Horizontal sliding trajectories of two subevents on a map-view satellite image. 
Colored lines represent five sliding stages with their occurrence times indicated in the color bar. Overlapping time of the two subevents from 30 to 40 s are not 
interpreted. (b) Schematic sliding process on an oblique-view satellite image. (c) Zoom-in view of the source areas in (a). Area A and Area B are two possible initiation 
sites. Black arrow shows the sliding direction of Stage 2. Pink arrows show possible sliding directions of subevent 1. Background images are from Google Earth™ 
taken on 4 August 2004, provided by Maxar Technologies.
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Forecasting granular flow is very CHALLENGING 

Image: https://www.nytimes.com/2020/11/09/science/what-makes-sand-soft.html#:~:text=Sand%20with%20rounder%20grains%20usually,Dr.



Recognizing that 
earth materials 
are a part of a 
broad class of

 
SOFT MATTER 

helps! 



Connecting geophysics and statistical physics may help

Image: Adapted from Bi et al., (2011)
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          Spatial vibrational patterns

       Free energy landscapes

          Fabrics and strain evolution
     
          Complex systems theory

FRICTIONAL JAMMING,
a potential unifying concept for all amorphous materials



We use phenomenological studies that test and expand theories

Field observations

Lab experimentsTheory

Pheno-

menologies

Phenomenologies

Inf
or

m ea
ch

ot
he

r



We use phenomenological studies that test and expand theories

Field observations

Lab experimentsTheory

Pheno-

menologies

Phenomenologies

Inf
or

m ea
ch

ot
he

r

Is the Soft Earth complicated, wherein complete knowledge and 
complicated models are needed, or is it complex and amenable to 

novel theoretical insights?

q What are the limits of predictability for granular flow behaviors? 

q Can identifying state variables that control solid-like to liquid-like 
state transitions and associated critical states help us with the 
metastability of granular materials?

q How can earth materials inspire new areas of physics?

q Can we help with forecasting natural hazards? 
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Collect samples and geophysical data in field

          Sediment core collection

          Seismic refraction surveys

          Seismic reflection surveys

          Ambient noise surveys

         Trenching and site excavations
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Constraining the distribution of friction and stresses within the 
fault gouge and walls under different shearing conditions 
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From non-affine deformation to creeping to flowing regimes:
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