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AVO one of 5 US
volcano observatories

2018 USGS National
Volcanic Threat Assessment
Volcano threat categories
A Very High

A High

Sea of Okhotsk 4 Moderate

USGS volcano observatories
o AVO - Alaska Volcano Observatory (Anchorage/Fairbanks, AK)
o CVO - Cascades Volcano Observatory (Vancouver, WA)

o HVYO - Hawaiian Volcano Qbservatory (Hawaii Island, HI)

o CalV0 - California Volcano Observatory (Moffett Field, CA)

o YVO - Yellowstone Volcano Observatory (Vancouver, WA)

e

U.S. Geological Open File 2021-1092

National Volcano Early Warning System
(NVEWS)

Ground-based Volcano Alert Levels
Normal  Advisory Watch  Warning

A A & A

Aviation Color Codes
Yellow Orange Red

Increasing level of concern%

Unassigned (insufficent monitoring to make assessment)

Green

Assessments and research
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Many volcanoes, frequent activity

Definition of Historically Active
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Ground-based Volcano Alert Levels
Normal  Advisory Watch  Warning

& A

Aviation Color Codes

Many volcanoes, frequent activity

AVO Color Code Green Yellow Orange Red
Volcano is exhibi or lating unrest with i p tial of eruptis i i ;
ORen.ptlonlsunderwaymthnoormnorvolcarlo—ashemmom |ncreaS|ng |eve| Of Concern

I:I Volcano is exhibiting signs of elevated unrest above known background level

I:l Ground-based Instrumentation Is insufficient to establish that a volcano Is In a typical background level Unassigned (insufficent monitoring to make assessment)

Semisopochnoi | Takawangha Great Sitkin

Cleveland

Pavlof

* Minor emissions observed = Nothing noteworthy observed * Minor lava production continues

* Low-level seismic activity continues

* Eruptive deposits on flank of
North Cone

* Low-level seismic activity continues * Low-level seismic activity
* Somewhat restless, but activity
appears to be waning

Thmes Mugnitudes  Volcanoes

@ Law 2 Hours o L 25 UNASSIGNEDVUMASSIENED
© Law 7 Days { A NORMAL/GREEN

D) Las 3 Wewis £ ADVISORYNELLOW

1
2
3
(3 24 Wesks -~ ;
6

W ..:.._.:.-'..
2023. View is to the south.

Volcano over the past two weeks.

Information on all Alaska volcanoes is available at: http://www.avo.alaska.edu.

For definitions of Awiation Color Codes and Volcano Alert Levels, see: http:/fwww.avo.alaska.edu/color_codes.php
SUBSCRIBE TO VOLCANO ALERT MESSAGES by email: http://volcanoes.usgs.gov/vns/

FOLLOW AVO ON FACEBOOK: https://facebook.com/alaska.avo

FOLLOW AVO ON TWITTER: https://twitter.com/alaska_avo

The Alaska Volcano Observatory is a cooperative program of the U.S. Geological Survey, the University
of Alaska Fairbanks Geophysical Institute, and the Alaska Division of Geological and Geophysical Surveys

* Slightly elevated surface
temperatures at vent

= Activity at background levels,
color code lowered to Unassigned

Web-camera view of Cleveland Volcano, January 4,

2023. View is to the northwest.

Semisopachnol
Takawangha

Great Sitkin

S
b TR 4
hian Fogns ~

* Slightly elevated surface
temperatures at vent

* Slightly above background
seismicity

* Somewhat restless, but activity
appears to be waning

Web-camera view of Paviof Volcano, January 4, 2023
View is to the northwest.




Main hazard from Alaska eruptions is volcanic
ash

7
2 Sop 180

*Up to 50,000 passengers per day fly over the
North Pacific (Ewert et al., 2018)

*Ash reaches altitudes to be of concern to aviation
10-12 days per year

e~ s e
> ——Jet air routes
Geographic name

=04 -:; North Pacific air routes (blue lines) pass over

) or near more than a hundred potentially active

St A e volcanoes (red triangles).

\ S
When ash enters jet engines, it can wear

[@ rolisRoyce  down and even mangle blades in the turbines
and reduce airflow as it builds up.



Ash dispersion modeling (Ash3D)

Model valid from 2023-Jan-11 06:59:00 UTC to 2023-Jan-11 09:26:00 UTC. +

& Pavlof Aware

« & Pavlof Aware
Volcane: Paviof, 2,519 M

Run date: 2023-Jan-10 02:26:33 UTC @
Eruption start: 2023-Jan-10 09:26:00 UTC

Plume height: 4.572 km asl
Duration: 2 hours

Veolcano: Pavlof, 2,519 M

Run date: 2023-Jan-10 09:26:53 UTC
Eruption start: 2023-Jan-10 09:26:00 UTC
Plume height: 4.572 km as

Duration: 2 hours

Vl::lumfa: 0-.0.0,0.1. km- D.RE (5% airborni) LT Volume: 0.0001 km® DRE
Wind file: 2023011000 =S Wind file: 2023011000
Download ZIF Fackage Isiand

Download ZIF Package
Standalone MAP | GeoJS0ON
Zoom and drag enabled.

Standalons MAF | GeoJS0ON

Zoom and drag enabled.
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Good news! Volcanoes (usually) provide warning
before they erupt

Duration
Precursors Event
weeks weeks
Hazardous event decades| years |[tomos.|days|hrs|hrs|days | tomos.| years [decades
Hurricane Sandy 2012
Hurricane Katrina 2005
Kilauea Volcano 1983- ?

Long Valley Volcano 1978-

Mt. St. Helens Volcano 2004-08
Indonesian Tsunami 2004
Tohoku Tsunami 2011

Haiti Earthquake 2010

Sichuan Earthquake 2008
Mississippi R. Flood 2011

Mississippi & Missouri R.
Flood 1993

FIGURE 1.3 Duration of precursors and events for selected natural hazards, including hurricanes, voleanic eruptions, earthquakes,

and floods.

National Academy of Sciences, 2017

New shape
of volcano

solidified |
magma

Fracture

Acocella 2022



A diverse suite of monitoring tools
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Seismicity
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Infrasound

' Sand Point Infrasound Array ) Celerity: 337 m/s

; T ¥ . 1 3000 —— . — 5 710
2 - - / @ Grid center -
e +# Stack max
=1 ™ ¥ Station
= l T 77
o Fi
5 . o 2000 - L o.s
w [ &
£ I °
-2
1000 / - 0.8
10 e - - - T T ¥ T 10
09 [
08 '3
= =
5 07 09 E 0 0.7 E
o >
S 06 f----mm@=mmmmmmeae = e ﬁ
el
05 _ &
04 ® 08
03 -1000 - | 0.6
02 i i i i i i
06 T T T T T T T T T
0.7
as -2000 4/ 0.5
z
o
w =
g0 5 c 06 3
y= ™ o .o =
s 03 [
-3000 0.4
—3000
02 05
350
300 0.81
- - Paviaf- - ow 04 o
£ b i 'g
2 = £ 0.6
Eg 20 e
7S °
¥ 150 03 % 0.4
S 100 ;)
w
& 3 0.2
o e e LRI e e e o e e e e e e =
0 T T T T 4 T T T T 0.0
0700 0701 0702 0703 0704 0705 0706 07:07 07:08 07:09 07:10 : j T T ! ! T

A n 3 n 5 3 1 ® )
UTC Time [2022-Dec-02] RO XL, SN N S I A XL Mgyl

Regional array processing Locations using local infrasound sensors



Deformation
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Remote sensing

Webcam Search / Add Webcam ¢ Tile Width: px |

amchitka_aht (Volcano - Semisopochnai) o B semi_cepe (Volcano - Semisopochnoi)

e 2
Age: 0:03 Age: 013
Lat: 51.3784, Long: 179.3019, Bearing: 19 Lat: 51.9646, Long: 179.6472, Bearing: 232

gsitkin_gsig (Volcano - Great Sitkin) gsitkin_whit (Volcano - Great Sitkin)

Age: 0:54

semi_cetu (Volcano - Semisopochnaoi)

Age: 0:27
Lat: 51.9649, Long: 179.4922, Bearing: 115

Cold Bay - NE (Volcano - Pavlof)

ol By INE)

Age: 0:09

Ashcam: https://volcview.wr.usgs.gov/ashcam-gui/

Dome growth from a series of satelllte radar
images, Fall 2022.

Courtesy of Simon Plank (German
Aerospace Center, DLR). TerraSAR-
X/TanDEM-X © DLR e.V. 2021.




e et | GPS track from gas
S flight at Edgecumbe \ N
volcano, May 2022

2022-05-18 00:46:28 UTC TROPOMI MidTrop
R

I ] '
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May 18, 2022 TROPOMI data show
S0O2 degassing at Semisopochnoi and
Gareloi volcanoes

Cleveland 2022 TROPOMI SO2 Emission Rates
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Compiled TROPOMI data for Cleveland volcano
showing declining emissions in 2022

Scanning DOAS at Cleveland station CLNE
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Alarms and automated alerts

Pavlof Airwave Detection

avo_alarms 18:40

? paviof RSAM

Start: 2022-11-29 03:35 (UTC)
2022-11-29 03:40 (UTC)

End:

Start: 2022-11-28 18:35 (AKST)
2022-11-28 18:40 (AKST)

End:

P54A: 0/400

PVV: 2269/1500
PS1A: 480/375
HAG: 21/1225
PN7A: 294/450
PVBA: 741/1225

Arrestor: SDPT 68/200

Pavlof RSAM Alarm

wa

G
iz

Matt Haney

@jlyons @Jeremy Pesicek my quick guess is these are lahars? im walking
my dog and will look close when i return home

csearcy 18:57

w0 2

2022-11

AAWU has been contacted.

-29 UTC

oz

SDPI Infrasound alarm:
Pavlof detection!

Start: 2022-10-22 10:53 (UTC)
End: 2022-10-22 10:56 (UTC)

Start: 2022-10-22 02:53 (AKDT)
End: 2022-10-22 02:56 (AKDT)

Azimuth: +275.6 degrees
d_Azimuth: +0.2 degrees
Velocity: 343 m/s

Max Pressure: 1.2 Pa
Travel Time: 4 min 30 s

SDPI Infrasound Alarm: Pavlof detection!

T T
1048 148 1030

10 Minute Infrasound Stack
2022-0Oct-22 UTC, Peak Pressure: 1.2 Pa

o958 10:08 W18 was

60 Minute Local Seismic Data

John Power 02:58
More small explosions.

T
152

T
10:54

1058

avo_alarms 15:28

? URGENT! Activity possible at: Pavlof,

Pavlof Sister, Emmons Lake

2022-11-27 00:20 UTC

2022-11-26 15:20 AKST

Flight level: 8,000 feet asl

Pilot Remark: pavlof volcanosmoke up to 9500msl (akfss)
Latitude: 55.481

Longitude: -161.961

MNearest volcanoes: Pavlof, Pavlof Sister, Emmons Lake

--Original Report--
KVC UUA /OV CDBO057031 /TM 0020 /FLO82 /TP PA31 /RM PAVLOF
VOLCANOSMOKE UP TO 9500MSL (AKFSS)

2022-11-27 00:20 UTC
Flight level: 8,000 feet asl

56.16°N

S4.81°N

163.15°W oW
Pilot Remark: pavlof volcanosmoke up to 9500msl (akfss)

csearcy 16:00
| see no major changes in seismicity. Tremor ongoing.



Interoperable tools for managing and serving
volcano data and information in the works
Information

National —
Service

Volcano
In development as part of NVEW




Timeline of an eruption forecast

Time leading up to eruption

i months-  days- hours-
1 year weeks hours minutes

Time after start of eruption

minutes- hours-
hours days

weeks-
ears
months y

Short-term Forecasting

Explosive event

|
Long-term unrest
Local seismic, geodetic
monitoring; geologic history,
magmatic system

Intense, short-term unrest
Distant seismic stations

Detection, characterization

Infrasound, seismic,
lightning, PIREPS,
satellite data, alarms

Drifting ash cloud

Ash-cloud characterization
and forecasting
Satellite data and
dispersion modeling

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Duration of entire eruptive episode (unrest plus multiple explosive events and phases of activity)
Long-term forecasting and prognosis

Use of analogs, knowledge of eruptive history, petrologic monitoring, modeling

Coombs et al., 2018




Timeline of an eruption forecast

Time leading up to eruption

months-  days- hours-

~1 year ;
y weeks hours minutes

Time after start of eruption

minutes- hours-
hours days

weeks-
ears
months y

Short-term Forecasting

Explosive event

- 2
Long-term unrest |
Local seismic, geodetic
monitoring; geologic history,
magmatic system

Intense, short-term unrest
Distant seismic stations

Detection, characterization

Infrasound, seismic,
lightning, PIREPS,
satellite data, alarms

I I

Drifting ash cloud

Ash-cloud characterization
and forecasting
Satellite data and
dispersion modeling

I
I
I
I
I
I
I
I
I
I
I
I
I
I
|

Duration of entire eruptive episode (unrest plus multiple explosive events and phases of activity)
Long-term forecasting and prognosis

Use of analogs, knowledge of eruptive history, petrologic monitoring, modeling

Coombs et al., 2018




Timeline of an eruption forecast

Time leading up to eruption

Time after start of eruption

= = = minutes- hours- weeks-
~1 vear  mMonths days hours ears

y weeks hours minutes hours days months y
et i s P T ———— — — — —— &
Short-term Forecasting Explosive event {

: g

. I
Long-term unrest Detection, characterization [
Local seismic, geodetic Intense, short-term unrest Infrasound, seismic, [
monitoring; geologic history, Distant seismic stations lightning, PIREPS, |
magmanc System satellite data, alarms I
. l
| I
I Drifting ash cloud l
I Ash-cloud characterization {
| and forecasting [
| Satellite data and l
| dispersion modeling |
P S S e — — — — — — i

Duration of entire eruptive episode (unrest plus multiple explosive events and phases of activity)

Use of analogs, knowledge of eruptive history, petrologic monitoring, modeling

Long-term forecasting and prognosis

Coombs et al., 2018




Timeline of an eruption forecast

Time leading up to eruption
~1 year months-  days- hours-

weeks hours minutes

I————i—iﬁﬁ—ﬁiﬁﬁﬁﬁ - — -

Short-term Forecasting

|
Long-term unrest
Local seismic, geodetic
monitoring; geologic history,
magmatic system

Intense, short-term unres
Distant seismic stations

Time after start of eruption

minutes- hours-
hours days

weeks-
ears
months y

Explosive event

Detection, characterization
Infrasound, seismic,
lightning, PIREPS,
satellite data, alarms

Drifting ash cloud

and forecasting
Satellite data and
dispersion modeling

Ash-cloud characterization

= .

Duration of entire eruptive episode (unrest plus multiple explosive events and phases of activity)

Long-term forecasting and prognosis
Use of analogs, knowledge of eruptive history, petrologic monitoring, modeling

Coombs et al., 2018




Timeline of an eruption forecast

Time leading up to eruption Time after start of eruption

- - minutes- hours- weeks-
~1 vear months dayS ( ears
y weeks hours minutes hours days months y
Short-term Forecasting Explosive event
Long-term unrest Detection, characterization
Local seismic, geodetic Intense, short-term unrest Infrasound, seismic,
monitoring; geologic history, Distant seismic stations lightning, PIREPS,

magmatic system satellite data, alarms

Drifting ash cloud

Ash-cloud characterization
and forecasting
Satellite data and
dispersion modeling

Duration of entire eruptive episode (unrest plus muiltiple explosive events and phases of activity)

Long-term forecasting and prognosis
Use of analogs, knowledge of eruptive history, petrologic monitoring, modeling

t common)

Ash from 2021 Semisopochnoi eruption &3
indicates juvenile component, shallow g
crystallization. Courtesy of Matt Loewen %z



Responses to volcanic activity occur over a
wide range of timescales

Critical window for
decisions by public

officials K Syncrisis
2. Magmatic eruption 5. Magmatic eruption
Bogoslof Mount St. Helens, 1980, Pinatubo 1991, ) Huila 2007-08 Ruiz,

1984-85, Sinabung

; . 2016: Paviof |/ ruse, 1ot Kasstoh 2000 s | 18555 S

= Precrisis ; Lhalten 2408, Lordon Laulle, 1983-1994; Cotopaxi

c A 2016 2011 ; Cotopaxi

S 2015-2016; Ruiz Postcrisis

S 1. Eruption 2012-2015; Agung

; 2017-2018

2 /explosion dgecumbe

& Soputan 2007, 4. Back to sleep; no

o Okmok 2008, laa' 199}3-?‘2‘%&?" 1996, _ magmatic eruption

< Ontake 2014, ourpeaxe » Sunayyir Soufriere Guadeloupe 197677
Calbuco 2015, 2009; Chiles-Cerro Negro, 2018 \ - g,,,;s2n 200608, Vulcano 1977-2006
White Island 3. Back to sleep;

‘____’_-,__j 2019 no eruption

Newhall et al., 2020

v

Time



Augustine 2006

8/1/05 9/1/05 10/1/05 11/1/05 12/1/05 1/1/06  2/1/06 3/1/06  4/1/06  5/1/06
L 1 1 '

il 1 'l 'l L 'l

phreatic explosions | ||| magmatic explosions

10000 sy 1] . e
¢ (@ i ‘[
£ 50004 PN
o ! (BRIN
B i _TTTT@[TT o?ﬂog?wo' "

(NN
g 80000+ e) : } :: :
il i
3 40000 : : :: :
& 20000+ station installed 20 Dec 2006 | |1l

(NN
S i Monitoring status: local seismic and GPS
i 1 A
% - i A — 52?0359 time: 19.7 years
B 20- 1 ) . _
8 Composition: andesite

i = T e Foreca§tlng: Gogd (first nptlce 3 days
- =k < before first phreatic explosion, 40 days
81005 9/1/05 10//05 11/1/05 12/1/05 1/1/06 2/1/06 3/1/06 4/1/06 5/1/06 before first magmatic eruption

Modified from Power et al., 2006



Pavlof 2016

EXPLANATION

.
“ Infrasound signal detected at Dillingham  sses Flowage signals on PV6 A Ash emissions observed from air 112
¥ S0, detected by satellite sensors *  Pilot reports of ash cloud height a Ash emissions observed in satellite image ]l 2
¥ Lavafountaining observed ©  Web camera estimates of ash cloud height L Lahars observed from air . = 2
F  Hot mass flows observed 110 E 3
©
4 =2 E
S5
48 © =
c .
. @
2
’ 16 ©
nearly continuous ash emission
4,000 T T T T T T T
3,000 - Vigorous ash emission T -
obs. from Cold Bay "'V‘
= ' "“b A
w
X 2000 sygaming obs. PVG | A ‘A ]
o no ash emission destroyed

1,000 |- v |
LT A t
NZ e S

Lightning obs.
from Cold Bay

Incandescent lava fountalnmg

oberseved by web camera

MN ]

Lightning detected
[byWwin

AVD Color Code 4 1 1 1 1 i 1
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00
March 27 March 28
Time, in UTC Cameron et al., 2020

Monitoring status: local seismic network
Repose time: 1.8 years

VEI: 2

Composition: basaltic andesite

Forecasting: Detect only (first notice 0.125 days
after onset)



Bogoslof 2016-2017

subaerial dome

hiatus (6/5 to 6/10)
(3/13 to 5/17) 39 subaerial dome
29 37 : . 48 63  (8/18 to ~8/27)
23 * * % 40 N
a
b
Dec  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
16 17 Coombs et al., 2019

Monitoring status: no local network

Repose time: 24 years

VEI: 3

Composition: basalt to tracyandesite
Forecasting: Missed first 5 events; mixture of
detect and Good for remaining 69 events




Factors affecting forecasting efficacy

Not Monitored; Repose < 15 yrs Monitored; Repose < 15 yrs
Well monitored Poor monitoring
1 Volcano well studied No knowledge
4% Slow magma ascent Fast ascent
Not Monitored; Repose > 15 yrs Monitored; Repose > 15 yrs Closed System (Iong Open System (ShOI't
repose) repose)
Viscous magma Fluid magma
Large volume Small volume

Classification: [l Good [ Detect Only [ Missed

Cameron et al., 2018



Winter solstice 2022
webcam view of
active Mount Young
on Semisopochnoi
Island

Takeaways

Timeliness of alerts is imperative
for the main hazard in Alaska
(volcanic ash)

AVO uses a diverse and

geographically extensive ground-
based network combined with N o
remote sensing to monitor Alaska’s R O s i),
volcanoes and issue warnings RF s ;

Local monitoring is key!



Station BLHA, Pavlof

Takeaways 2

« Management and synthesis of
increasing volumes of monitoring
data poses challenges and
opportunities

« Open system volcanoes are sneaky
and will require new approaches

« Forecasting eruptive style, volume,
and duration remains fruitful avenue
for further work

Please find Matt Haney, John Power, or Aaron
Wech to discuss AVO seismic and infrasound data!
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