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Impacts

• The most damaging earthquake in 
Anchorage in over 50 years.

• It affected half of the state’s population 
and is the most impactful earthquake in 
Alaska since the 1964 M9.2 event.



Tectonic Setting

2017-2019/02
Alaska Earthquake 
Center Catalog

November 30, 2018 
Mw=7.1 earthquake 
was a normal faulting 
intraslab event within 
the subducting Pacific 
plate.

Pacific Plate
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Response focus areas for AEC

• Acquisition, archival and processing of strong motion 
data (Anchorage network and regional sites);

• Processing and reporting of aftershocks;

• Social media updates and interactions;

• Communicating with print, radio and TV media.



Strong Motion Recordings



Aftershock Processing

• ~9,900 aftershocks in 5.5 months; 
• ~350 with M>=3 – felt;
• 42 with M>=4 (last one on April 28);
• 7 with M>=5 (last one on January 13);
• We estimate it will take 2.5 years before 

aftershock rate returns to the background level.



Southern Alaska Intraslab Earthquakes

1999 Kodiak EQ 2016 Iniskin EQ 2019 Anchorage 

Source mechanism strike-slip strike-slip normal

Depth 46 km 126 km 47 km

Mw 7.0 7.1 7.1

Largest 
aftershock

6.4 and 6.5 4.7 5.7

M>=4 
aftershocks

21 12 ~40

Mc 1.9 1.8 1.4

b-value 0.6 1.05 0.75

M7.0 December 6, 1999 

Kodiak 

M7.1 January 24, 2016 

Iniskin 

M7.1 November 30, 2019 

Anchorage



Aftershock Relocations
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F2 Relocated 
background M>=2.5 
earthquakes and 
~900 aftershocks

Two trends are 
identifiable:
(1) East-dipping 
southern cluster 
and (2) nearly 
vertical west-
dipping northern 
cluster.



Future Work



Event time: 8:29:29 AKST



Facebook, 8:31-8:35



Twitter: How we use it

• 8K members before -> 13,095 after

• No automation

• Mostly one-way communication

• Engage reporters to improve sourcing of stories



Facebook: How it uses us

• 6K members before -> 12,837 after

• Responsive, two-way communication

• Discussion forum



How was Nov. 30 different?

1. Chaotic information environment

2. Viral earthquake predictions

3. Months of felt aftershocks

4. Psychological impacts



1. Chaotic info environment

Chaotic info environment:

• News was scarce at first

– Newsrooms were damaged

– Power was out

– Government was slower to 
communicate

• Massive influx of new users 
seeking info

How could we lessen chaos:

• Share basic earthquake info and 

set aftershock expectations

• Pass on credible news with 

added context

• Amplify announcements from 

city and state offices with much 

smaller audiences



Amplification



2. Viral earthquake predictions

• Three instances:

– One on Nov. 30 (origin unknown);

– Two in January (quakeprediction.com).

• Predictions jumped from social media to 
print and television .

• Followers asked us directly to address the 
rumors.



Three hours after the quake



Responding



3. Many felt aftershocks

• Most people do not know what to 
expect from an aftershock sequence.

• People need confirmation and 
reconfirmation that the sequence is 
what we would expect.

• There is a strong desire for aftershock 
forecasts.

• The aftershock sequence generated 
far more work than the mainshock.



4. Psychological impacts



Alaska DHSS survey

Source here



These are real impacts



Two lessons

• We should cultivate working relationships with 
social media people from emergency 
management and other government sectors.

• We make it our business to talk about 
preparedness for physical impacts. There is a 
need for more public discussion of 
psychological impacts.



Reactions



• Questions?



Southern Tier USArray adoptions





Take that L, quakeprediction.com
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• The resulting focal mechanisms 
are remarkably similar with no 
systematic differences between 
those located within the northern 
and the southern segments.



Discussion: Two fault segments or one?

East- or west-dipping fault plane?

• NEIC finite model: East-30 degree-dipping plane is 
preferred. 

• Liu et al: West-65 degree-dipping plane is preferred. 
(Both east and west-dipping planes match main 
characteristics of the geodetic and seismological 
observations, and the difference in fitting errors is very small. 
However, west-dipping plane is found to better explain details 
of teleseismic data. The hypocenter, however, is much deeper 
than any other studies indicate and slip region does not 
coincide with the aftershock region.)

Two fault segments:
• Aftershocks form 2 clusters with different 

dipping angles: shallower-east-dipping 
southern cluster and steep west-dipping 
northern cluster.

• Finite source modeling indicates 2 pulses of 
energy release 4 sec apart, possibly related to 
first coming  from the southern and second 
from the northern fault segments.

Single fault plane:
• Finite fault modeling (NEIC; Liu et al., 2019) 

indicates that the data can be fit well with a 
single fault plane.

• Mainshock and aftershock fault plane solutions 
are remarkably similar with no systematic 
differences between the northern and 
southern clusters.

• If assume a single fault plane, what does 
complexity in the aftershock distribution 
indicate?



Conclusions

- The November 30, 2018 Mw 7.1 Anchorage earthquake was the most impactful in Alaska in over 50 years.

- The mainshock generated a vigorous aftershock sequence with over 9,000 aftershocks with magnitude of 
completeness of 1.4 reported by the Alaska Earthquake Center within first 4.5 months. Over 300 
aftershocks were felt.

- The aftershocks form two distinct clusters: shallower-east-dipping southern cluster and steeply-west-
dipping northern cluster. The southern cluster aligns with one of the nodal planes of the mainshock. The 
aftershock zone is 20 km wide and 25 km long.

- Fault plane solutions for the mainshock and aftershocks are remarkably similar and do not indicate any 
systematic differences between the southern and northern clusters.

- We expect aftershock sequence to continue for at least a year.



Tectonic Setting cont.
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Ruppert, 2008



Aftershock Relocations

AEC catalog hypoDD

Depth range all 1-77 km 22.2-61.3 km

Depth range 
d5-d95

19-62 km 30.5-48 km

Mainshock 46.7 km 49.5 km

• ~900 M>=2.5 relocated aftershocks.
• The relocated aftershock depths range between 22.2 and 61.3 km, with 

95% of events being below 30.5 km or above 48.0 km.
• The aftershocks clearly fall within the seismically active part of the 

subducting Pacific plate beneath Anchorage. The mainshock is located at 
49.5 km depth near the deepest and southernmost extent of the 
aftershock zone.



Aftershock Relocations
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• We use double difference relocation algorithm 
hypoDD (Waldhauser and Elsworth, 2000) to 
relocate ~900 M>=2.5  aftershocks and ~600 
background M>=2.5 earthquakes that occurred 
within the past 10 years. 

• In additional to regional seismic stations, we 
incorporate picks from the Anchorage strong motion 
network and temporary USGS aftershock monitoring 
sites. 

• The relocated aftershocks do not align along a single 
plane but rather form two distinct clusters.


