Volcano monitoring as a strategy

to reduce risk due to volcanic eruption

Objectives



Prework
Monitoring volcanoes

http://www.youtube.com/watch?v=sNYQkxxd 0Q

http://www.yvoutube.com/watch?v=nlo-2JoNHrw

http://www.voutube.com/watch?v=owk4fWbw4qgM




Prework
Monitoring volcanoes

http://www.youtube.com/watch?v=sNYQkxxd 0Q

Attp://WWW.VoUutube.com/watch ?v=nl0-2JONHTwW

http://www.voutube.com/watch?v=owk4fWbw4qgM




Monitoring volcanoes

Thought experiment



A volcano, with five GPS stations on the surface of the volcano (blue
triangles) that continually record their locations.




1. Imagine that a body of magma intrudes below the summit of the
volcano, without erupting. Predict how the GPS stations will move.







2. The eruption is over. Predict how the GPS stations will move.

R~ =T 7 T
2 km| 4 A




Part 2: Mitigating the Risk
Anatomy of an eruption — 2010 events at Eyjafjallajokull
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(term actually refers to the ice cap atop the volcano)

Date of photo:
March 25, 2006

Last active:
1821-1823

Before 2009, the area had been seismically quiet for 13 years, and ground motion was
stable. In 2009, small earthquakes began to be detected underneath the volcano.



DURING THE ERUPTION

March 20:
Eruption!

, 10 km

, Non-explosive eruption begins:
20°00'W Fissures open on flank 10 km east of summit,
with lava fountaining and lava flows.




Lava fountain




DURING THE ERUPTION

April 14:
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More eruption! S ENT/

Eruption migrates to summit, MS‘LEQQQ
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CHECK-INHALLA <¢m 10:12

DESTI STD REMARK

TCX489K ARRECIFE 11:00 CANCELLED
TCX652K TENERIFE 08:10 CANCELLED
TCX152K DALAMAN 19:40 CANCELLED
KL1540 AMSTERDAM 06:00 CANCELLED
FR2332 KRAKOW 06:30 CANCELLED

LS257 PALMA 07:00 CANCELLED
TCX279K FUERTEVENTURA 07:00 NEXT INFO AT 1500
BE350 GATWICK 07:55 CANCELLED
FR2501 PISA . 0910 CANCELLED

FR2484 VENICE
SZ481 *
BE172

KL1546

LS241

FR153

BE730

NM327

FR2334

For information on liquids please refer to security notices. NO SMOKING It is against t




Explosive phase April 14-May 24

April 14-20 250 meters of the ice cap melted in 4 hours, and
interaction with meltwater caused explosive activity and
produced lots of ash. Glacial meltwater destroyed roads,
including the major coastal highway, and caused evacuations.

April 20-May 3 Lava flow in northern part of the glacier melted
ice sufficient to form a 150m-deep ice depression at the surface.

May 4-May 18 Most vigorous explosive phase, producing >30
kilotons of SO,, 150 kilotons of CO, and a huge ash plume up to
10km high that stratospheric winds carried across Europe.

May 19-May 24 Eruption waned and plume gradually declined.
Volcanic gas emissions slowed until the eruption stopped.



Eruption Consequences

European airspace disrupted; shut down
completely for 6 days; ~95,000 flights cancelled.
S2 billion lost by airlines.

Travel, commerce, tourism disrupted worldwide.

800 people, and dozens of farms evacuated (and in
some cases abandoned due to fluorine-containing
ash, poisonous to grazing animals).

Damage to roads by glacial floods.
Silting up and and subsequent dredging of rivers.

No deaths, injuries or ash-related illnesses



The (IMO) http://en.vedur.is/ monitors
weather, earthquakes, volcanoes, stream flow, and avalanche conditions.

During Eyjafjallajokull events, the IMO worked closely with the

(CPD) of the National Commissioner of the
Icelandic Police

 |nstitute of Earth Sciences at the
 London Volcanic Ash Advisory Centre of the

These agencies cooperate to:

* Monitor, collect and analyze data

* |ssue timely warnings

* Put emergency/crisis procedures and action plans into action



Monitoring volcanoes



63°40'N -

63°30'N - Map of study area showing
the summit of Ejafjallajokull (x)
and the locations of GPS stations.
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63°30'N -
3. PREDICTED MOTION: Describe how you think your
station will move before, during and after an eruption at
Eyjafjallajokull. Draw arrows on the map indicating the
motion(s) you predict and describe your predictions. Be
sure to indicate compass direction AND the vertical
component (UP or DOWN) for each stage of motion.




63°40'N -

63°30'N -

e
- o ool

HA DAGF | | EIM2

~‘ SVBH A vy

v.-;a

X

Ok, let’s look at some data —
But first, a reminder about reading and
interpreting GPS time series data.

20°00'W 19°40'W 19°20'W



Reading GPS time series: motion is resolved into three components

movement

ﬁ
No E-W

movement

ﬁ

No vertical
movement




Test yourself:

Which way was this
station moving in 20097
e Uptothe SE

Which way was this

station moving in 20107

 Due north, with no
change in the vertical
component.

N.B. Today we are just
interested in the general
trend, not fully resolving the
direction and rate.
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4. ACTUAL MOTION Analyze the GPS time series and describe
the actual motion of your station before, during and after the
eruption. Draw arrows on the map indicating the motion(s) and
describe your predictions. Be sure to indicate compass direction
AND the vertical component (UP or DOWN) for each stage of
motion.

5. How does the actual motion compare with your predictions?
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63°40'N -

63°30'N -

6. After reports from other groups, add arrows indicating the
motions of the other stations. Is the behavior of the volcano
consistent with the scenario you imagined in the thought
experiment? Why or why not?




63°40'N

63°30'N -
7. Describe the extent to which the stations recover their
original, pre-eruption locations (it might be different for
different stations). If one or more stations did not recover their
original location, why not? What does this imply about the
shape of the volcano as a result of the eruption?




Part 2: Mitigating the Risk

Monitoring volcanoes




Animation of earthquake activity
underneath Eyjafjallajokull
January-May, 2010

8. Watch this ~1 minute video several times. Describe the earthquake
activity, taking note of numbers, depths and locations of epicenters. Note:
e Date format in upper left is in dd/mm/yyy format
 The darker the symbol, the deeper the epicenter

9. Relate the earthquake activity to the GPS data. What do you think is
happening at the volcano to cause the observed earthquake activity?




10 a. What were the indications that the
volcano was “waking up” and entering a phase

of volcanic activity?




10 b. What were the indications that the
volcano was not only “waking up” but actually

about to erupt?




Discussion questions

10 c. How much warning time was there
between the first indications that the volcano
was “waking up” and the time the volcano

actually erupted?



Discussion questions

11. At least for the inhabitants of Iceland (if not the
airline companies), this was a low-risk eruption. No
lives were lost and property damage was limited.
What factors helped account for this?



