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Greenstone lava flow
~1 Billion years old

Native copper
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Satellites detect smelter SO, emissions in Peru

* Peruvian smelters were
among the world’s largest

industrial sources of SO, in
2005-2010

Average OMI SO, vertical column
Sep 2004 - June 2005

 Signature of ‘Anthropocene’
[Carn et al., GRL 2007 ]




Consequences of natural hazards

Adapted from Plag et al. (2015)
Greenstone flow
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Volcanoes: Earth’s recyclers

Ash surface provides catalysts (e.g., transition Aviation ImpaCtS

Atmosphere <+— metals) for chemical reactions.

Transport ,

Ozone depletion

,\ Biosphere 1

<

Adapted from: Hoshyaripour, EOS, (2017)

Radlatlve
effects

Ash surface 02 HZSO4
is altered Semi-direct and

as
throtugh indirect effect 9 aerosol
post-
eruptive . Ash surface releases nutrients
processes in (e.g., Fe, Si) and toxic elements
g:s r::;gt(l)(:; +— (e.g., F)upon deposition.

Hydrosphere




. . Aura/OMI - 06/10/2009 00:43-23:24 UT
SaryCheV Peak (Kurlle IS’ RUSSIa) SO, mass:4.52k1;l::ea:811108km2;802max:2.43DU

Contact: Simon Carn (scarn@mtu.edu)

Internat}'ona Space Station (NASA)

Satellites detect volcanic
heat, gas & ash emissions,
and ground deformation.

SO, column 15 km [DU]




Aura (2004-)  CloudSat (2006-)  Aqua (2002-)
oM 'CPR(radar) -~ MODIS -
TES ~ |AIRS

MLS -

- CloudSat

CALIPSO

PARASOL

Aura

HIRDLS




Some misconceptions about volcanic activity

» Every explosive volcanic eruption leads to cooling of climate
» Not enough SO,, most of the time
» But volcanic cooling can be significant

* Volcanic emissions of SO, (a greenhouse gas) are causing
climate change

» Issues: lifetime of SO,, magnitude of emissions
* Volcanic emissions of CO, are causing global warming

» Issues: what is the magnitude of volcanic CO, emissions
relative to anthropogenic emissions?

e Solutions

» Education, publications, public outreach (e.g. Smithsonian
Institution; http://volcano.si.edu/E3/)

» Social media (Twitter etc.)



Volcanic SO, emissions (since 1978) — all eruptions

Suomi NPP/OMPS
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Volcanic SO, emissions (since 1978) — tropics

Suomi NPP/OMPS
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Volcanic SO, emissions (since 1978) — stratosphere

. L Suomi NPP/OMPS
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Volcanic SO, emissions (since 1978) — stratosphere

Suomi NPP/OMPS

UV Satellite Missions AD/TOMS Aura/OMI
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Orbit 63847
JUN 17, 1991

20

. lterative SO2
NIMBUS-7 TOMS
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e A Tambora (1815): ~60 Tg SO,
=No ) Pinatubo (1991): ~17 Tg SO,

[Bluth et al., 1992; Guo et al., 2004; Self et al., 2004]

‘The snow was 18 inches deep in Cabot, Vt., on June 8. On June 11, a
temperature of 30.5 degrees was recorded in Williamstown, Mass. Frozen birds
dropped dead in the streets of Montreal. Lambs died from exposure in Vermont.’

http://www.newenglandhistoricalsociety.com/1816-year-without-summer/




Fake (volcano) news

Feedback [THERE @ DailyMail Thursday, Mar 30th 2017 2PM 42°F . 5PM 40°F .. 5-Day Forecast

com

Home | U.K. | News | Sports | U.S. Showbiz | Australia | Femail | Health §-[5i(:N Money | Video | Travel | Columnists

Latest Headlines | Science | Pictures | Discounts

Stunning footage shows a giant Russian volcano
violently erupting for the first time in 250 YEARS

« The 7,103ft tall (2.2km high) Kambalny volcano is in the Kamchatka peninsula in the far east of Russia
« The colossal volcano recently became active and spewed out a 60-mile long ash plume visible from space
« Snow-topped volcano last erupted and poured out lava during the reign of Catherine the Great in the 17700s

By WILL STEWART FOR MAILONLINE
PUBLISHED: 05:53 EDT, 29 March 2017 | UPDATED: 06:15 EDT, 29 March 2017

FER DR =3 120

But Nasa scientists warned that the volcano may have spewed out irgéﬁa»oimts of SL"JIph'\r dioxide (SO2), which
is harmful to human lungs.

@40

View comments

'"The higher SO2 amounts downwind could be due to multiple factors, including variable emissions at the volcano
(such as an initial burst), increasing altitude of the plume downwind or decreasing ash content downwind,' Simon
Carn, an atmospheric scientist at Michigan Technological University, told the Earth Observatory.



Avuatlon hazards from volcanic
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Flavors of volcanic emission

‘Eruptive’ ‘Passive’

Mt St Helens, WA (USGS) ' B Turrialba, Costa Rica

(Sporadic) (Continuous)




Global volcanic SO, emissions inventories

A time-averaged inventory of subaerial volcanic
sulfur emissions

[Andres & Kasgnoc, JGR, 1998]
R.J. Andres and A.D. Kasgnoc

Institute of Northern Engineering, University of Alaska Fairbanks

SCIENTIFIC REPg}RTS

OFEN - A decade of global volcanic SO, [Carn et al., 2017]
_emissions measured from space

: S.A.Carn}, V. E. Fioletov?, C. A. McLinden?, C. Li* . A. Krotko
© S.A.Carn', V. E. Fioletov?, C. A. McLinden?, C. Li** & N. A. Krotkov*

. . . microphysics [Graf et al., 1997]
® C“mate |m paCt Of tropospherlc trace gfls.::jjction < @ > climate (ECHAM)

volcanic emissions (sulfate

aerosol)
 Estimation of global fluxes of

other volcanic gases (e.g., CO,)
» Identifying field sites for volcanic
gas studies

Volcanic effects



Volcanic SO, emissions in Central America

_______________________________________________________________________

2005

Average SO, columh (DU)




® \olcanic

® Marine

® Biomass

® Anthropogenic

Fioletov et al. (2016); Carn et al. (2017)

Anthropogenic

¥ Volcanic ™ Anthropogenic

Mike Huckabee claimed that a single volcanic
eruption “will contribute more than 100 years
of human activity” toward global warming.
Humans actually pump over 100 times as
much CO, into the atmosphere every year
than all the world’s volcanoes combined.

Burton et al. (2013)
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Analysis of earthquake-triggered volcanic activity
Only possible with global, long-term satellite data

Avouris et al. (2017)



NASA Climate missions under threat

Feb 26, 2017

Earth Polychromatic Imaging Camera (EPIC)
http://epic.gsfc.nasa.gov




Politics of volcano monitoring
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‘Republican governor Bobby Jindal questioned why "something called 'volcano
monitoring' " was included in the nearly $800 billion economic stimulus bill Obama

signed earlier this month.” (Feb 2009)
http://edition.cnn.com/2009/POLITICS/02/25/jindal.volcanoes/



Y T Tt 3y, PRy , Y —~
Submarine vc canoes: a new 1ror
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January 31, 2017
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Jan 10, 2017

1927 lava

Castle Rock =
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magmatic degassing and
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Fine “muddy” ash NORTH

and ballistic ejecta
draping surface

Images courtesy of Alaska Volcano Observatory (AVO)
https://avo.alaska.edu/

* Hazardous but difficult to observe
« Submarine ROV/AUV to map
subsurface topography?




Karymsky, Russia '

Sakura-jima, Japan

« Santiaguito (Guatemala): unique, aerial view oj I;lot ‘exploding lava dome
« ‘Laboratory’ volcano for studying vo1oan|c Eﬁf:ésses A
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« Active volcanic vents are ‘extreme’ environments analogous to some other
. planets — can we design new sensors and materials for such extremes?




The challenge of data visualizatic

1. Kizimen 5 i . i 4. Jebel-at-Tair 5. Galeras 6. Veniaminof 7. Tlnakula 8. Redoubt

A JAVER\
p.0 N . . N : p.o Il
9 Anatahan 10. Tavurvur 11. Pagan 12. Mlyake-pma 13. Ketol 14. Kanlaon 15. Cleveland 16 Soufriere Hills
“oom _»1 m _ - “
17. Barren Island 18. Mutnovsky-Gorely 19. Kudriavy 20. Santa Ana 21. Bulusan 23. Langlla 24. Sakura-jima
A \ A A A
\_/ A~ —_ F A VA ARVEARY | N\ B \n
25. Erebus 26. Nevado del Huila 27. Korovin 28. Krakatau 29. Chlglnagak 30. Paluweh 31. Augustine 32. Tofua
. AN o . | 0 RN .
\/\/ . U~ 0.3 V) N - o - 'o 0.1
33. Avachinsky 34. Kliuchevskoi 35 Tungurahua 36. Sarychev 39. Montagu 40. Shlveluch

.05—'03—'02

44. Tokachi

42. Bagana 43. Santa Maria

60. Ambrym 61. Suwanose- ||ma 62. Isluga 63. Michael G;t. Stromboli
83 ~ o3 A /S 0.2

65. Karymsky .1 1 66. Villarrica 67. Sinabung 68. Sirung 69. Raung-ljen 09 76. Satsﬁma-lojima .0.8 71. Yasur .2.0 72. Turriaba

0.5 .
~ 2 o
0.4 N

e

Annual mean SO, flux (kt/day)

79. Slamet 80. Gareloi

73. Karangetang .0.4 74. Lastarria 4 75. Chikurachki 76. Bromo-Semeru 77. Nyira-Nyam 78. Popocatepet!
\/ g,—/\/
81. Ubinas 82. Shishaldin 83. Copahue 84. Aso 85. Asama 86. San Miguel 87. Nevado del Ruiz _3.1 88. P. Fournalse
89. Sangeang Api 90. Rlnlanl 91 Sabancaya
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Time (2005-2015) Carn et al., Sci. Rep. (2017)

« Telling stories with data (e.g., NASA Earth Observatory)
« Computing, cognitive and learning sciences




Aviation Hazards of

Volcanic ash Aviation impacts

Mineral grains Lithics Volcanic glass
P ‘ ] Glass can melt in
. the jet combustion
chamber and

resolidify on turbine
blades, lowering
engine performance.

Molten ash sticks to turbine
surfaces, reducing surge margin.

The composition of
the glass affects its
melting temperature
and viscosity.

—

ficiency and ﬁ RO"S'Royce

Compressor erosion leads to losg
ge margin

As the ash disperses,
aggregation causes

Sharp-edged, abrasive particles can

damage windshields, lowering

Grain size affects ’
how quickly ash '
ny '.
particles to fall out of
the atmosphere -
visibility, and erode compressor V I - h
K' Cantner (AG I) blades and other metallic surfaces. O Ca n I C aS
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Summary

The National Academies of

* _\/olcamc em|SS|On_S are SCIENCES - ENGINEERING * MEDICINE
important, and their
atmospheric impact is
Increasing.

* Long-term satellite
monitoring of volcanic
activity is crucial, but some
current & future NASA
assets and funding are
under threat.

https://www.nap.edu/

* The multidisciplinary nature
of volcano science offers
several new avenues for
exploration.




