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Introduction: Volcanoes in the North Pacific Region

Approx. 70 historically
active Volcanoes in
region

Aleutian Islands
Alaska Peninsula
Alaska Mainland
Kamchatka Peninsula,

Russia
Cascades

Prevailing Winds to East




' seismic activity
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What volcanic features can we see from space?

Depends upon the Resolution:
Spatial

Temporal

Wavelengths

Thermal Infrared Response:
Eruption Cloud — Cold or Hot?
PF — Cold or Hot?

Dome — Cold or Hot?

Lahar — Cold or Hot?

Eruption Cloud
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Types of Volcanoes in Alaska and Kamchatka
Shield Volcano




Satellite Sensor Wavelengths

Electromagnetic Spectrum

Bands: Visible Thermal Infrared Radar

Processes: (Surface (Heat) (Topography,
chemistry) Deformation)

Viewing: Day Day & Night Day & Night, Clouds
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Data Used for Monitoring
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GOES

Orbit: Equatorial

Temporal Res.:
15— 30 min

Spatial Res.:
2-8km (Alaska)

Wavelength:
Visible
Thermal Infrared

HOHA




GOES
(Zoomed
Image)




AVHRR
Orbit: Polar

Temporal Res.: hourly
Spatial Res: 1km

Wavelength: Visible &
Thermal Infrared

Image by NASA



AVHRR
(Zoomed
image)

Okmok Caldera
Hot Spot




Landsat (TIR)

Temporal Res.:
2 monthly

Spatial Res:
15-60m

Wavelength:
Thermal Infrared

7 Allg 00




Radar

Temporal Res.:
2/month

Spatial Res:
25m

Wavelength:
C-band Radar




Field Observations
Orbit: No

Temporal Res.:
Varies

Spatial Res:
<1Im

Wavelength:
Thermal Infrared
Visible

John Efi.chelberg_e;g.;

6. 7. 2002




Satellite Observations of Eruptions:
Critical Volcanic Features

Hot Spots
(Thermal

Anomalies)

Volcanic
Clouds

Volcanic
Cloud
Movement

KVERT Staff Kliuchevskoi 70c¢t03




Thermal Anomalies (Hot Spots)

Thermal Anomalies:
Pixels with
temperatures
warmer than
background

Importance
Often precursor
or early phase
of an explosive
eruption

Source
Heated Domes
Lava Flows
Pyroclastic Flows
Debris Flows




Shishaldin: February 9, 1999

Thermal anomaly that led to a
explosive eruption

~400 m In crater,

Temperature 385°C.




Shishaldin: March 1, 1999

i ~ 100m below surface

Temperature 950°C




Shishaldin: March 7, 1999

At surface, material airborne

Temperature 1060°C




Hot Spots: Precursor to Explosive Eruption
Shishaldin, 17 & 23 April 1999

Sequence of thermal anomaly activity became
two explosive eruptions in April

R. McGamsey, 23 April 1999

Are temperature or thermal flux
predictors of eruptions?




Hot Spots: Sources

2 km

Sheveluch V.
Lava at the dome
4 Oct. 05

Sat Image +7hrs

Photo: + 7hrs
n16.05.277.1640

Kliuchevskoi V.

Lava flow on slope
13 Feb. 05 an B
Sat Image -3 hrs

[ |
42 HEEN 48.2

Photo - 3 hr
N12.05.043.1750

Karymsky V.
Heated dome w/gas
25 Sept. 05

Sat Image + 39 hrs 1

Photo + 39 hrs.
N17.05.269.1020




Volcanic Clouds

Clouds Evolve
Detection Evolves

Detection
Height, Location,
Presence of Ash

Importance
Hazard to Aircraft
Ground Infrastructure
Health

Source
Explosive Eruptions
NOPAC Region
Primary Hazard




Volcanic Cloud Analysis

Plumes Evolve:

Opaque plumes = derive height

Translucent = presence of ash
Band subtraction of 2 TIR Channels




Volcanic Cloud Height Estimate

3 Methods: Cloud temperature, cloud shadow & wind shear

Use 10-12 um data, derive temp. compare to atm. temp.

AVHRR Thermal Image (Band 4) 19 August 1992 05:12 UTC Atmospheric Temperature Profile at 60.75°N
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height (km)

208° 212° 216° 220° 224° 208° 212° 216° 220° 224°

65 55 -45 -35 -26 15 5 5 15 25
Degrees Celcius C. Searcy, 1998




Volcanic Cloud Evolution
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i 1 hr

8/19/92 01:26 GMT 8/19/92 01:26 GHTl

-15 0

Band 4-5 Brightness Temperature Difference {Celsius)

15

-65 Band 4 Brightness Temperature (Celsius) 15

AVHRR: Single Band (B4)
Plume Clear evident
Determine Cloud height

AVHRR: Split Window B4 minus B5
Ash signal not evident

D. Schneider



Volcanic Cloud Evolution

8/19/92 03:31 GMT

-15 ' 0

Band 4-5 Brightness Temperature Difference (Celsius)

15
-65 Band 4 Brightness Temperature (Celsius) 15

AVHRR: Single band (B4)
Plume clear evident
Determine cloud height

AVHRR: Split Window B4 minus B5
Ash signal along fringes of plume

D. Schneider



Volcanic Cloud Evolution

8/19/92 05:12 GMT

-15 0

Band 4-5 Brightness Temperature Difference {Celsius])

15

-65 Band 4 Brightness Temperature (Celsius) 15

AVHRR: Single band (B4)
Plume clear evident
Determine cloud height

AVHRR: Split Window B4 minus B5
Ash signal along fringes of plume

D. Schneider



Volcanic Cloud Evolution

: g W
8/19/92 13:38 GMT

8/19/92 13:38 GMT

-15 0

Band 4-5 Brightness Temperature Difference (Celsius)

15
-65 Band 4 Brightness Temperature (Celsius) 15

AVHRR: Single band (B4) AVHRR: Split Window B4 minus B5
Plume is translucent Clear ash signal

No cloud height

D. Schneider



Volcanic Cloud Evolution

]
ol

AVHRR: Single band (B4) AVHRR: Split Window B4 minus B5

Plume not seen Clear ash signal
No cloud height

What is the concentration of the ash? D. Schneider
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Predicting Plume Movement: Puff Model

Specifically tailored for volcanic ash and 3D tracking of volcanic ash
particles

Hypothetical particles released over volcano
Particles tracked over time

Uses meteorological wind fields

Initialization parameters include
— Volcano name and location
— Number of particles
— Mean Particle size and spread
— Plume dimensions (height, width and shape)
— Length of model prediction and length of eruption
— Output time step

— Horizontal and Vertical Diffusion
—  Wind field model (http://puff.images.alaska.edu)



Dispersion Models

Predicts volcanic cloud movement
Information when satellite data is not available
Use satellite data for validation and calibration

1. Global 2. Particle Size: 3. Movement from wind, 4. Dispersion &
Wind Fields variable position tracked in Diffusion - Constant
Distribution: variable space and time
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Comparison Puff and GOES Images, Mt. Cleveland Eruption

Satellite data is used to validate models.
Satellite data detects less than the model.

Puif tracking model

GOES 10 split window

f &
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o RS ._ M= *Which is correct Satellite data
—“| or model?




'sion Models: Cloud

[0 1l =002 Mar 14 144810

Cleveland 2001 0219 M e oomme ETA model
Valid: 2001022002 0 2 4 6 & 10 12 14 km




Dispersion Models

Puff model run: take minutes on PC
Significance Cleveland Eruptions 2001: Distal particles are valid

[ 2001 Now 7080507 ]
GNT BT 170

180° 190°

Cleveland 2001 0212 14:00 UTC 1 T I ]
Yalid: 2001 02 19 15:00 UTC +1:00: 4] 2 4 & B 10 12 14 16km (UPOSUAR




Satellite Volcano Monitoring Program

a USGS

science for a changing world
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British Air 747 (Speedbird 9): encounters ash cloud
(Indonesia, Galunggung, 1983)




Monitoring Sectors

NOPAC Region

10 Sectors
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Critical Features for Volcanic Cloud Monitoring

Plumes (Eruption Clouds)
Health hazard, dangerous to
Aircraft, local and global carriers

Measured Parameters:
e Plume Direction: East

e Distance: 40 km
*Ash Signal:

e Temperature: NA

* Height: Puff

* Predictions Puff

» Ashfall (under development)




Critical Features for Thermal Anomaly Monitoring

0.0C -90.8 C
499 C

Measured Parameters:

Location: Okmok V.
Hottest Temp.: 49.9°C
No. of Pixels: 24
Thermal Flux
Effusion Rate  ----




Volcano Monitoring Systems

2 Types:
Manual

Automated




Manual: Web-based Monitoring Database

Consistent entry
Automated report

Searchable records

J Base Page

Satellite Obzervations

Camera Observations

Preview Email

Send and Store

Cloud conditions for volcanoes with elevated color codes:

Volcanoe  Color Code Cloud Cond
Augustine Tellow IW
Veniaminof  TVellow [Clear [
=t Helens Orange IW
Bezymianty  Yelow IW
Earymsky  Orange IW
=hiveluch Tellow Im

Cleud conditions for each region:

TWrangell I Mo Coverage =
Lugustine I Clear -

Pavlof IW
Vsevidof [ Partly Cloudy =]
Eorovin IW
Kiska [Clowdy =]

Cascades l—l[
Yellowstone I—L[
Bezymianny I—L[
Kwle [ =]

Last images wiewed:

AVHEER 2054 UTC (7}
GoEsUL [ @
MrsaTi [ @
Mons [
AugiCam [ (@
ChigCarn | (7)
SpurCam [ (7

SpurtCriCam I— (7}
VeniCam I (7}
HelensCam I— (7}
BezyCam I— (7}

RivCam [ (¥
ShivCam | (¥
Comments (%) Crperational Motes:

Mo GOES data was svallakle

Friday, July 21,2006 18:15 UTC |

Friday, July 21, 2006 10:15

2021215 UTC | 202 11:15 FDT |202 10:15 AKDT |202 09:15HADT 203 07:15 KDT




Manual Database Entry:

Satellite Observations

Chooze Ohzervation Basze Observations

Start a new Observation (7)

Satelite Observations

Camera Obzervations

store Changes

=elect an Exsting Observation ¢7)

IAH-“HF{Fij IAugustine j IAuguatine

Local image ¢7)
| image) [

Other wnage, or tnage range: (7)

I[m anhual)

“eniaminof - 11.060717 0828
Augustine -g10.06017.1730
Augustine -n15.08017.0358
Augustine -n14.06017.1831
Augustine -11.06017.0649

Augustine -n14.06017.0622
Augustine -g10.06017 1830

Expand Obs Store Ohbs Delete Ohbs

Comments for thiz observation:

Ceneral Ohservations: P T e

degrees.
115.

Cloud condition IMustIy Clear 7]

Zenith angle |4III 7]

Signficant notse ¥ O [ & ¢7)

distance fromwm the wolcano, bearing NW at 130

PLume has a long axis of 73 ko angled at bhearing
No split window at this time.

Plume Observations: | (add band) j Thermal Anomaly Observations: | (add band) j
Elank lines are accepfable Elawnk lines are accepfable
Band Length Height Dir Walue Eewiew Band Pixel: Onent Walue Bckgnd  Eewiew
fm fm PAFIOLE WMITS FAFIOLE WMITS  PAFIOLS WMITS
chd |73 E |15 55 wndefined [




Manual Database Entry: Camera Observations

Choose Ohservation

Ease Obzervations

Satellite Obzervations

Clamera Observations

Start a new Obzervation:

mtore Chanoes

melect an Exsting Observation ¢7)

Augustine - AugiCam - 06/0117 01963 LITC

Camera |AugiCam x|
Volcano: |Augusting =]
Image date: [1A7/NB1709UTC 7
Trmage end date: ’ —
SEE e e (%) Expand Ohs =tore Obs Celete Ohs
Comtmnents:

reneral Chservations:

Cloud condition | Mostly Clear v

Thermal Visible ¥ J1




Database Generated Observation Reports

Twice Daily
365 Days/yr
TO: USGS

Information from
reports go:

NWS

FAA

Others

AM satellite report for January 17, 2006

Plume and thermal anomaly at Augustine, thermal anomaly at Veniaminof

Augustine (Red): Mostly clear at volcano

1) Image n14.06017.1831: partly cloudy at volcano, sat zenith angle of 68
- comments: edge pass, plume visible

- ch4 plume: 75km long, heading 130, observed at -47 C, est. 8km high
Martin (Yellow): Mostly clear at volcano

Spurr (Yellow): Partly cloudy at volcano

St. Helens (Orange): Cloudy at volcano

Wrangells (Wrangell sector): Mostly Clear

Cook Inlet (Augustine sector): Mostly Clear
Alaska Peninsula (Pavlof sector): Partly Cloudy
Eastern Aleutians (Vsevidof sector): Partly Cloudy

AVHRR: 18:31 UTC
GOES10: 18:30 UTC
MODIS: 18:37 UTC




New Web Tools: Image Animator/sector (512 x 512)

Augustine - n15.06208ToTO RGN
Channel 4-5 :

-

e

L
i
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t ; ¥ I Pei
= A A e 7
Fast12 hours = ot

Twiao Seconds = &Qt
Showing image: o |
10f 10 it
Faorwards t??
&




New Web Tools: Auto Observer (40 x 40)

laska olcano  bservatory
AUtomatic Observation Wiewer

20061417

(22006/1/31

| Augustine =
={n15.06031.1705 =|[F
| ch3 =l

auto —len | *

Futa

value st mouse -28 63

M 3665

mir -28.88

mean -13.83
stldey 2.21
standard model IER 221

standard model 5 day 10.0 (10 k=)

TADR
zun Zenith angle a9
zat zenith angle 13
automatic evalustion acceptable ) o
— pp——— Key  (some tems can be toggled by clicking on them)
arget volcanoes ugustine (re -] -
collateral volcanoes none . D D D .

data and Mak hotspot deviant salar solar cloud cloud
pixel data received off off off off




Automated Alerts

2 Types:
Thermal Anomalies — operational
Ash Clouds - underdevelopment

Cell phone text message
Computer voice alert
Automated emil text message

http://avo-animate.images.alaska.edu/auto obs viewer.phpk



NeW WEb TOOIS Gl‘aphIC laska olcano  bservatory
. Graph Tool
Analysis of Database

Basic Clueries

|Augu5tine j

Algustine

f?JIEEIEIE,-"Lﬂ 0
f?JIEEIEIE,."1,."31

Augustine sstimated summit ground temperaturs M AvHRR - T MODIS

1100 h
1000 [~ nighttime pass
200

000 [ overhead pass

o T00 . | | not naisy

200

800 [~ band3 by mesn
400

= é ® P [~ bandd by mesn
200 g @& ot i* g [~ bands by mesn
100

. ; ‘ ; » ; ; ; . ; ; ; . ; ; . [ banddms min
-] 10 0 -] L) 0 » ™ » [ ] 1% 110 120 1% 180 10 1w

e [~ band3+handd = 50

[ band3-handd = 35

[ band3 max
[ bandd max

[ bands max

I none

INaN "I

|graph




AUGUSTINE 2006 January 11, 2006

Chronology

January 11

AVHRR
MODIS
PUFF

January 13-14

AVHRR
MODIS
GOES
PUFF

January 17

AVHRR
MODIS
PUFF

*,:._n:.ﬁ-r_"—i ]

AVO :: UAF :: GI
January 19, 2006

Cities on Volcanoes 4 :: Quito, Ecuador, January 23-27, 2006



AUGUSTINE 2006 CHRONOLOGY AUGUSTINE LOCATION

Chronology © L e
i aHayes ‘\f hoign || ~Suton
3':. m.?;'.,';;:_.-:
January 11 ASPUIT & :;‘*’“““'

AR ~n  Double Glacier { -m‘;r Fiope mf”

MODIS Y
b ‘Q’ E Redoubt,  renayy | Cooper Langhg

PUFF s » A | Saktong Moose Pass

o

January 13-14

AVHRR | et
MEDAS Douglas;
u
GOES Fourpea kedf_f
PUFF :

- Ha,i:m*:g,;w,
’.( Augustine el
0 50 100

January 17

AVHRR
MODIS
PUFF

AVO :: UAF :: GI
January 19, 2006

N

W \ E Image © 2005 MDA EarthSat 2005
!_/ Image © 2005 DigitalGlobe = Google

2

Pointer 59°21'18.98" N 153°27:08.44" W elev 1856 ft Streaming |[|11111]] 100% Eye alt 145441t

Cities on Volcanoes 4 :: Quito, Ecuador, January 23-27, 2006



AUGUSTINE 2006

Chronology

January 11

AVHRR
MODIS
PUFF

January 13-14

AVHRR
MODIS
GOES
PUFF

January 17

AVHRR
MODIS
PUFF

AVO :: UAF :: GI
January 19, 2006

CHRONOLOGY December 12 :: SO, Plume

Cities on Volcanoes 4 :: Quito, Ecuador, January 23-27, 2006
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nl1l2.06011.1559.avhrr :: b4m5
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AUGUSTINE 2006 January 13-14, 2006

Chronology

January 11

AVHRR
MODIS
PUFF

January 13-14

AVHRR
MODIS
GOES
PUFF

January 17

AVHRR
MODIS
PUFF

AVO :: UAF :: GI
January 19, 2006
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Cities on Volcanoes 4 :: Quito, Ecuador, January 23-27, 2006
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nl1l5.06013.1734.avhrr :: b4m5
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PUFF MODEL :: January 13-14, 2006

AUGUSTINE 2006

New: Multiple Eruption Tracking
220°

Chronology
January 11

AVHRR
MODIS
PUFF

January 13-14

AVHRR

MODIS
GOES
PUFF

January 17

AVHRR
MODIS
PUFF

B0"

AVO :: UAF :: GI
January 19, 2006

AVO &= UAF
unknown

BT =006 lan 13150108
2006 01131350 p———— p—
4 B 8 10 12 14 km

Augustine
0o 2

Cities on Volcanoes 4 :: Quito, Ecuador, January 23-27, 2006




AUGUSTINE 2006 PUFF MODEL :: January 13-14, 2006

Chronology

January 11

AVHRR
MODIS
PUFF

4N

S ‘5 Puff output on Jan
e " 13th 2006, 2150 UTC
(8 —10 km)

January 13-14

AVHRR
MODIS
GOES
PUFF

January 17

AVHRR
MODIS
PUFF

PETY =06 dan 13 148284

Augustine 2006 01 13 21:50 i
U

AVO :: UAF :: GI
January 19, 2006

AVHRR Ash Signal
Jan 13th 2006, 2150
UTC
(8 — 10 km)
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Ash Cloud Composite

Fairbanks o ™

Total area affected
by ash clouds |
(split-window)

Areas of ashfall
Augustine

Eruption
2006




New: 3D Puff, Google Earth

Augustine
Eruption
14 Jan. 06

I-n'mga © 2006 TerraMeirics

F‘cint&l__éﬂ"!n"lﬂ.??' N 152°12°36.20" W elev 151t Streaming [[|[]I11]] 100%



New: Satellite Images in Google Earth

Augustine Ash
Clouds, 13 Jan

Excellent
Geographic
Control

Simple interface
Easy for customers

To use and
understand

Ash cloud from
1324 UTC event-y 0

" Homer, -
~ = _._,..--.. - b
Seldovia ®
Ash cloud from
17:58 UTC event

Augustine
Volcano

Image © 2005/ MDA EarthSat

sy
LS
v'.‘r,

= pvmroren
i FAIRBANKS

" Google:




Under development: Ash Fall Mapping




Geophysical Institute

University of £7

Delimas and Future Developments

A laska Fairbanks

Automated effusion rates or
thermal flux to predict eruptions.

Quantification of ash
concentration observed on
Satellite data and predicted by
models.

Incorporate SO2 detection into
monitoring system.

incorporate SAR deformation &
amplitude into volcano monitoring
program. @%@W

Book Publication Date: Summer
2007




Puff Model of 30 yrs of Eruptions

Volcanic Eruptions in North Pacific Region
Puff Volcanic Ash Dispersion Model

Time Series

Peter Webley. ARSC, UAF. (pwebley@gi.alaska.edu)
Rorik Peterson. Mech Eng, UAF. (rorik@gi.alaska.edu)
Ken Dean. Gl, UAF. (kdeanfgi.alaska.edu)

Jon Dehn. Gl, UAF. (jdehnf@gi.alaska.edu)

Arctic Region
Supercomputing Center

UNIVERSITY OF ALASKA

FAIRBANKS




