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Features of EAR volcanism

 Lava lakes (Nyiragongo, Erta’Ale, Karthala)
 Excellent targets for IR spectroscopy (FTIR)
* Fresh magmatic gases

* Low viscosity, alkaline magmas
« Efficient degassing
» CO,-rich gases

* Tectonically-controlled eruptions
* e.g., Nyiragongo, Jan 2002
« Rapid onset
 Eruption precursors?

 Lake overturn and degassing

o Nyos, Monoun, Kivu (COZ’ CH4)
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Overview of current satellite capabilities

 Measurements at UV, Visible, IR and microwave wavelengths
« UV: daytime only
* IR, microwave: day/night

» Passive (UV, IR) and active (RADAR, LIDAR)

» Passive sensors: mapping volcanic clouds and plumes
* Active sensors: measure volcanic cloud altitude; poor spatial sampling

* Volcanic emissions measured by >10 satellite sensors
* SO, measured using UV, IR and microwave wavelengths
* Sensitivity to passive degassing in UV and IR
« Spatial resolution: 90 m to 80 km
* Volcanic HCI and BrO can also be measured in large eruptions
* Near real-time (NRT) data available from some instruments
» Volcanic CO, detection: very challenging but under investigation
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Advantages of satellite measurements
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* Always ‘on’

* Global scale measurements

« Capture unexpected events

» Long-term data from a single sensor
* No risk

* Low-cost (after initial investment)
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UV Backscatter measurements from space
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Ozone Monitoring Instrument (OMI)

Aura/OMI - 06/22/2005 11:31-11:33 UT - Orbit 04983

SO, mass: 1.205 kt; Area: 23807 km?; SO, max: 4.75 DU at lon: 29.50 lat: -1.91
30 32 34 36

 UV/Visible sensor
* On NASA/Aura satellite

* Launched July 2004

* Daily contiguous global
coverage 5

* 13 x 24 km nadir pixel

* Overpass at 1:30-2:00 pm local ’
time i
* Measures SO, total column
(plus other gases and aerosols)

* NRT SO, data available on web~

b S( ' = -2
» Data publicly available and free 1 Dobsen Unit (DU) = 0.03 g m SO,
) Sozzcolumn 5 kms[t)U] N
BN . me |

« The first satellite sensor to provide daily, global SO, measurements
with sensitivity to the lower troposphere (i.e., passive degassing)



Effect of volcanic plume altitude
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» Knowledge of SO, cloud altitude critical for accurate SO, retrieval
* Increasing the altitude of the SO, cloud increases sensitivity and vice versa
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Effect of sensor spatial resolution

Terra ASTER (10:30 am) Aura OMI (1:45 pm)

Aura/OMI - 06/19/2007 11:43 UT - Orbit 15570 Aura/OMI - 06/19/2007 11:43 UT - Orbit 15570 Aura/OMI - 06/19/2007 11:43 UT - Orbit 15570
Terra/ASTER - 06/19/2007 08:31 UT Terra/ASTER - 06/19/2007 08:31 UT SO, mass: 0.094 kt; Area: 1520 km?; SO, max: 3.48 DU atlon: 29.13 lat: -1.76
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« SO, concentration is averaged over the area of each sensor pixel
« Limits detection of volcanic plumes of sub-pixel spatial extent
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Manda Hararo eruption — June 29, 2009

Aura/OMI - 06/29/2009 10:21-10:25 UT - Orbit 26360

SO, mass: 12.234 kt; Area: 154569 km?; SO, max:28.13 DU at lon: 39.21 lat:9.14 ; 10:22UTC
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SLAT 18.23
SLON 42.65
— SELY 2083

SHOW -9999

LIFT 021

LFTV -0.01

SWET -9999
KINX  -9933

CTOT -99939
YTOT -9999
TOTL -9999

\h’) CAPE 7.94
CAPY 11.37
CINS  -198.
CINY - -185.
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BRCH 0.36
BRCY 0.52
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LCLP 523.0
MLTH 319.8
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THCK 5922
PWAT 349
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Manda Hararo eruption — June 29, 2009

"Aura/OMI - 06/30/2009 11:04-11:07 UT - Orbit 26375
SO, mass: 15.214 kt; Area: 270911 km?; SO, max: 5.99 DU at lon: 37.83 |at: 8.66 ; 11:05UTC
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Job ID: 38483 Job Start: Wed Aug 12 21:01:06 GMT 2009
Source 1 lat:12.17 lon.:40.82 hgts: 1000, 2000, 5000 m AGL

Trajectory Direction: Forward Duration: 72 hrs  Meteo Data: GDAS1
Vertical Motion Calculation Method: Model Vertical Velocity
Produced with HYSPLIT from the NOAA ARL Website (http:/www.arl.noaa.gov/ready/)
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Lava flow volumes courtesy Matt

Afar-Red Sea eruption sequence  payick. HVO (from ASTER)

Volcano Eruption volume (km3) SO, emission (kt)

Aug 12, 2007 | Manda Hararo tbd 14

Nov 3, 2008 | Alu/Dalaffilla 0.03-0.045 100-200

Aura/OMI - 11/04/2008 09:13-10:57 UT Aura/OMI - 08/13/2007 10:13-11:55 UT
SO, mass: 203.572 kt; Area: 1066057 km?; SO, max: 75.92 DU at lon: 40.96 lat: 14.05 ; 10:53UTC SO, mass: 11.414 kt; Area: 309103 km?; SO, max: 7.23 DU at lon: 37.24 lat: 8.69 ; 11:52UTC
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Frequent effusive eruptions at Nyamulagira (DR Congo)

Volcanic SO, emissions 1979-2009 —
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Nyamulagira eruption, November 2006

Aura/OMI - 11/27/2006 03:02-14:48 UT

Mass: 20,737 ki, Araa_ 497409 k', SO, max: 5.31 DU atlon: 78 74 lat. 312 ,0802UTC
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SO, emission trends for Nyamulagira eruptions

SO, mass [kilotons]

350 4

300 1+

SO, mass [kilotons]

50 +
.
@S N OO A 9 N DO A
S S A S N SR LA LS U\

Feb 2001

—— Daily SO2 emission
—&— Peak SO2 concentration

‘]}Cb

Q 2 X © 9 v D 5]
N N N N N

(b\"o

Date

250 |
200 |
150 +

100 -

May 2004

—— Daily SO2 emission
—a— Peak SO2 concentration

+ 160
+ 140
120
+ 100
1 80
+ 60
140
+ 20

D N > A QO D
AL IS

Date

[Bluth and Carn, IURS, 2008]

SO, concentration [DU]

SO, concentration [D

40 |
2004 eruption

hypothetical
lava effusion
rate

V =50 Mm®
Effusion Rate

(m's') 20}

r | aadawaalaald

0 10 20 30 40
Days since start of eruption

* Most eruptions show an early peak
in SO, production.

50

* ~50% of SO, released in first few
days of eruptions.

 Similar to expected trend in lava
effusion for depressurizing source

« Can be monitored using SO,
concentration over the vent.



SO, emission trends for Nyamulagira eruptions

April 1989 Eruption
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« Some eruptions have less regular patterns of SO, production

* Multiple magma batches?

m’r ‘ E‘l ’Tech EAR Volcanic Hazards Workshop, Trieste, August 2009




Effusive eruption column heights

Stothers et al., GRL, 1986
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* Observed Nyamulagira max. column heights ~8-16 km

 Imply volume eruption rates comparable to major flood basalt eruptions

* Plumes can reach aircraft cruising altitudes: aviation hazard?

« Alu/Dalaffilla (Nov 2008): 14-16 km; Jebel at-Tair (Oct 2007): >16 km
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Persistent degassing at Nyiragongo
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20041001-20041031
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20041101-20041118

Contact: Simon Carn (scarn@mtu.edu)
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20041202-20041231
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20050101-20050131
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20050201-20050228
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20050301-20050331
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20050401-20050430
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20050501-20050531
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20050601-20050630
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20050701-20050731
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20050801-20050831
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20050901-20050930
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20051001-20051031
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20051101-20051130
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20051201-20051231
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20060101-20060131
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20060201-20060227
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20060303-20060331
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20060401-20060430
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20060501-20060531
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20060601-20060630
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20060701-20060731
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20060801-20060831
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20060901-20060930
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20061001-20061031
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20061101-20061127
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20061206-20061231
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20070101-20070131
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20070201-20070228
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20070301-20070331
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20070401-20070430
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20070501-20070531
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20070601-20070630
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20070701-20070731
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20070801-20070831
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20070901-20070930
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20071001-20071031
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20071101-20071130
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20071201-20071231
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20080101-20080131
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20080201-20080229
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20080301-20080331
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20080401-20080430
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20080501-20080531
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20080601-20080630
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20080701-20080731
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20080801-20080831
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20080901-20080930
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20081001-20081031
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20081101-20081130
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20081201-20081231
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20090101-20090131
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20090201-20090228
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20090301-20090331
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20090401-20090430
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20090501-20090531
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20090601-20090630
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Nyiragongo — monthly average SO, columns

Aura/OMI - Average column for 20090701-20090731
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Nyiragongo SO, emissions

~Aura/OMI | Nyiragongo (DR Congo) | 20040906—20070808

0

| 1 | 60
- B OMI data gaps
20 7 B OMI SO, mass —150
5 o efleﬂwty Ju/ v 40 g
A WN‘WW\ M W\\/JJ | o
é 15 —1206: 53
5 Rapid rise in Nyamulagira_|, , —
= lava lake level eruption
8 L ] O
g 1oL DOAS
. 3-4 kt/day
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= [ 1.5-2.3 kt/day
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Date

2007 [Sawyer et al., G3, 2008]
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Nyiragongo FTIR setup

* Fourier Transform Infrared

Spectrometer (FTIR) spectroscopy — measures
ﬁ S0, H,0, CO,, HCI, HF, CO,
DN Plume ~ COs

—» Deployed at Nyiragongo in May
2005, Jan 2006, June 2007

s

L

=

-

j‘;u ‘Lava Lake

« Equilibrium gas temperature
~1000-1100°C (i.e. magmatic)

IMichi _,ﬁwrech EAR Volcanic Hazards Workshop, Trieste, August 2009




Nyiragongo FTIR data — 2005 and 2006

1.5E+19

HCIl vs. SO,
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0.0E+00 \ \ \ \
0.0E+00 5.0E+19 1.0E+20 1.5E+20 2.0E+20

S0, (molecules.cm?)

* FTIR yields gas ratios — convert to fluxes
using SO, flux and X/SO, ratio

* Decrease in total volatile emissions
between 2005 and 2006

* Little change in gas composition

Fluxes in tons day-’
2005 2006
H,O 14800 | 8260
CO, 11340 7430
SO, 3330 1940
CO 280 170
HCI 110 70
HF 30 -
OCS 1 -
TOTAL 30000 | 18000

[Sawyer et al., G3, 2008]
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Summary of Nyiragongo observations

* SO, emissions appear to be slowly declining since 2004
* Decrease in magma supply rate?
» Possible effects of plume altitude need to be quantified

» Effect of varying size/level/activity of lava lake/gas vent on plume
altitude (Bernouilli's principle)

* Little change in composition of volatile phase in 2005-2007

* Source of volatiles unchanged (equilibrium degassing of rising magma)

Apr 2009

IMichi :ﬁwrech EAR Volcanic Hazards Workshop, Trieste, August 2009




50
O ]

lre.wisle g

kO

e Y

Degassed Magma

Magma flow rate Q = 7T(R ')ZV = W(R*)zPS

« Efficient degassing dampens convection

» Total SO, emission of ~3 Tg since Nov 2004: degassing of ~0.23 km?3
magma containing 2500 ppm Sulfur

IMichigan] (1K)

Conduit convection model for Nyiragongo

[Shinohara, 2008]

0 . Bubble separation 0
Magma-Gas = ! T T
Separation g
2 poors/_ I _
Descending [ g E g §_2
Degassed a 3 § 2 _
el 2 *a S| E
< —
4
: 100F & £5... %..:_ £
2| Volatile / S ‘ 5| &
*|Saturation | &/ % |8 | O
Level i ] =4
_____ i : B 3 O |g
| : !'g ':l% o 4
Ascendin o =180 : .
Non-Degagssed ;:\ s £ Density difference
Magma 2, #: TR & 8
2600 _ _
- Density (kg/m?) s o Conduit radius
g ApR*
Mid
[Kazahaya et al., 1994; Stevenson and Blake, 1998] \ Viscosity of

degassed magma
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EAR volcanic gas compositions

Erta’Ale Ardoukoba Nyiragongo O. Lengai

Mol (Afar) (Djibouti) (DR Congo) (Tanzania)
Yo 1971-74 | Oct 2005 Nov 1978 | 1959/1972 | 2005-2007 | June 1999

DS FTIR DS DS FTIR FTIR
H,O 70 94 /8 48 70 76
CO, 18 3.7 4 46 24 24
SO, 11 2.5 16 2.6 5 0.02
CO 0.8 0.1 0.2 2.7 1 0.08
HCI - 0.2 - - 0.3 -
HF - 0.04 - - 0.1 -
CO,/ 1.6 1.5 0.25 18 4.8 1200
SO,

Data from Symonds et al. [1994]; Sawyer et al. [2008; in prep.]; Oppenheimer et al. [2002].




Measuring CO, from space

Mauna Loa Monthly Mean Carbon Dioxide

380

70

_\
May 2002

1965 1975 1985 1995 2005
YEAR

 Most interesting volcanic gas for eruption prediction (exsolves before SO,)
 Possible synergy with deformation measurements (InSAR etc.)

IMichigan] (1K)

EAR Volcanic Hazards Workshop, Trieste, August 2009



Measuring CO, from space

» Challenging due to high background CO, concentrations
* Need ~1 ppm accuracy or better

* NASA Orbiting Carbon Observatory (OCQO) — failed at launch
» Japanese Greenhouse Gas Observing Satellite (GOSAT)

* Launched January 2009

* TANSO-FTS sensor measures CO, column amounts in SWIR/TIR
* 10 km spatial resolution; ‘stare’ mode
* Proposal submitted to evaluate GOSAT data for volcanic CO, detection

« ASCENDS (Atmospheric CO, through Nights, Days and Seasons)
* CO, lidar instrument

* High sensitivity, poor spatial coverage
« Still in planning stage

m’r ‘ E‘l ’Tech EAR Volcanic Hazards Workshop, Trieste, August 2009




OMI SO, websites - NRT

Ty en Mapped Mosaics
| ] “« > ] | A A | | A http://gp16.ssd.nesdis.noaa.gov/pub/OMI/OMISO2 /index.htm| & Q- Coogle
[I] Apple Mac Amazon gs:y 'ralmul News (865) v OMI/TOMS VogBlog JCET OMI NSPIRES Weather BBC Googlc_StIT lar Orbitz NRT MODIS NexSat »

J Battimo.. | B8C N O KVERT .. [© sozne. |© ashad. [© asHAd. [ @ suifure. [©
@ NOAA Satellite and Information Service v‘/v

National Environmental Satellite, Data, and Information Service (NESDIS)

Latest OMI_SO2 Column 5Km - 24-Hour Composite Image

J [
R

Non-JAVA Blowup Images for the Equatorial , Northern and Southern regions

OMISO2 Products in GeoTIFF , NetCDF and McIDAS formats

Latest OMI_SO2 Column 5Km by Volcano

Alaska, USA Aleutian Islands, Alaska, USA Anatahan, Mariana Islands Central America
Comoro Islands Ecuador Etna, Sicily, Italy Galapagos Islands, Ecuador
Hawail, USA Japan Java, Indonesia Kamchatka, Russia
Mexico Montserrat, West Indies New Zealand Northern Chile
Nyiragongo, DR Congo Peru ilippine Papua New Guinea
Reunion Island, Indian Ocean Southern Ehlle Sulawesi Sangihe Indonesia

DISCLAIM: This page is experimental and for testing purpose only.

Near real-time: http: //satepsanone nesdls noaa. gov/pub/OMI/OMISOZ/mdex html
W / _wrech EAR Volcanic Hazards Workshop, Trieste, August 2009




OMI SO, websites

OMI Sulfur Dioxide Group website

<|r @]l e & | + |- nup//so2.umbeedusomis © ~/Q- Google

1 Apple GoogleMaps Wikipedia News (315)v Popularv Mac OMI/TOMS NOAANRTSOZ OMI NSPIRES Weather BBC Google Scholar NRT MODIS HYSPLIT4 Global Sondes
© Copper.. | BBCNE. | © OMISu. | NRTSCIA | Alaska... [@ North.. |@ spectr.. [ 372U [@ Refract.. [@ Mathe.. [@ Eearo.. [@ dielect.. | hup://.. [© Wavev...
A

Q) Sulfur Dioxide Group A
M Bt &)

Afar and southern Red Sea

.'I'MWGIIog ——.u ‘—.‘—.u '——-- ‘—‘—.u _'_.l '_'_-'l
e P TWGE TR TP IE T7TREE i)
Home [ | [ PR | T R | T = | T k1 s
i - (E ) (E ¥ = “(F ] (E ) (E 1 [
§0; Info _—— — _—— — _—— — —t p— — o p— p— — r— —
e Jul 01, 2009 Jul 02,2009 Jul 03, 2009 Jul 04, 2009 Jul 05, 2009 Jul 06, 2009
il e FACCIE FANAE TANIE LiAaNE [LANIE vl
Daily | v | i | | o] | | | - | ] |
OMI images
= | | 3 Kk 1 (E 1% <(F 1 (E ] |
Documentation Jul 07,2009 Jul 08, 2009 Jul 09, 2009 Jul 10,2009 Jul 12,2009 Jul 13,2009
| taenhnr FPANIE FTAWIE TAWAE T lF TavelF TN
Publications | A 1 \ & 1 1 1
s | 1 Al ] th 2 | (R M | T 2| TR
Links | | [ I [ | [ P [ | [ | [
Jul 14, 2009 J_;n 15,2009 Jul 16,2009 .Jul!?.m Jul 18,2009 Jul 19,2009
FANIE TYWNEIlE TANAE TANE [wWilE v il
| | ] v | | o] | vl | s | | ot |
| [ | [ | | | | . = | | [
S s Tam T e e
VAN AE TAANIAE FAWIE TANIE T W1l
) | i i | S | | | ] e f
| ( | ( | | | [ | {
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Gas monitoring in the EAR

« The EAR is a great location for volcanic degassing studies

Lava lake degassing — primary magmatic volatiles

Degassing of alkaline magmas — understudied and significant
Effusive eruptions (Nyamulagira)

CO, emissions?

« Research questions and recommendations

Links between geophysics (InNSAR) and gas measurements (CO,)
Eruption duration/dynamics

Duration of dike emplacement vs. duration of degassing

Is CO, detectable from space?

Effects of extreme topographic variations on satellite SO, measurements
(e.g., Danakil Depression at -155 m — Ethiopian Highlands at 4500 m).

Possibility of atmospheric observations (winds etc.) from a Pan-African
seismic-geophysical network — very useful for gas studies

EAR volcano observatory for remote sensing of EAR volcanoes
Aviation hazards

m’r _'f:lﬂrech EAR Volcanic Hazards Workshop, Trieste, August 2009







Satellite instruments - UV

Instrument . Data coverage | Daily global
Satellite(s) 9 yg
dates coverage?
Total Ozone Mapping Nimbus-7, Meteor-3, Nov 78 — Dec 94 Yes
Spectrometer (TOMS) ADEOQS, Earth Probe Jul 96 — Dec 2005
Global Ozone Monitoring European Remote
Experiment (GOME) Sensing Satellite (ERS-2) July 95 — 2005 No
Scanning Imaging Absorption
S ectrorgr]letergor?é\tmos rileric European Environmental Sept 03 — present No
P p Satellite (Envisat-1)

Cartography (SCIAMACHY)
Ozone Monitoring Instrument NASA EOS Aura Sept 2004 — present Yes
(OMI)
Global Ozone Monitoring

. MetOp A, B, C Oct 2006 - present No
Experiment-2 (GOME-2) P P

. . National Polar-orbiting

Ozone Mapping and Profiler Operational 20107 Yes

Suite (OMPS)

Environmental Satellite
System (NPOESS)

Operational SO, data products

IMichigan) (=[]
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Satellite instruments — Microwave & IR

: Data coverage | Daily global
Instrument Satellite(s) 9 Y9
dates coverage?

Microwave Limb Sounder gpperAtmOSph‘?re 1991 — 1994 (UARS)

esearch Satellite No
(MLS) (UARS), EOS Aura 2004 — (EOS Aura)
High Resolution Infrared Ves
Radiation Sounder (HIRS, TIROS-N, NOAA-6-14 Oct 78 — present (day/night)
HIRS/2) yinia
Moderate Resolution Imaging Yes

EOS T A Feb 2 -

Spectroradiometer (MODIS) OS Terra, Aqua eb 2000 (day/night)
Advanced Spaceborne Thermal
Emission & Reflection EOS Terra 5225;8(:00”' ) No
Radiometer (ASTER) Y
Atmospheric Infrared Sounder
(AIRS) EOS Aqua Sept 2002 No
Spinning Enhanced Visible and | Meteosat Second 2004 — No
Infrared Imager (SEVIRI) Generation (MSG)
Infrared Atmospheric Sounding MetOp A, B, C Oct 2006 - NG

Interferometer (IASI)

IMichigam (:TH),
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UV instrument SO, sensitivity

e Smallest cloud
S Se“S't';"ty (DU) detection limit (tons)
o :
Instrument 00 prlnz 5 pixels at 50
area (km?)
Stratosphere | Troposphere | Stratosphere | Troposphere
20 km <5 km 20 km <5 km
1521
EP TOMS (39%39) 3.5 7 3900 7800
12800
GOME (40x320) 0.2 0.4 3600 7100
1800
SCIAMACHY (30%60) 0.2 0.4 125 251
3200
GOME-2 (40x80) 0.2 0.4 460 914
312
omi (13x24) 0.2 0.4 43 87
2500
OMPS (50%50) 0.2 0.4 350 700

Imﬁ' ; E‘l ’Tech EAR Volcanic Hazards Workshop, Trieste, August 2009




IR instrument SO, sensitivity

Smallest cloud

_ Se"S't':'ty (DU) detection limit (tons)
Instrument Footprint ° 5 pixels at 50
area (km2)
Stratosphere | Troposphere | Stratosphere | Troposphere
20 km <5 km 20 km <5 km
1
MODIS (1%1) 9 250 6 174
0.008
ASTER (0.09%0.09) 9 250 0.05 1.4
143
AIRS (d = 13.5 km) 1 30 100 2986
SEVIRI 23 9 250 144 4009
(4.8x4.8)

*Based on Realmuto [1999], AGU Geophysical Monograph 116, p101-115 (except AIRS)

IMichigan (:TH)]
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BIRA website

SCIAMACHY

OMI

GOME-2

SO2 vertical column density

&0z vertical column [DU]

Cloud cover fraction

Cloud cover fraction

SCIAMACHY - BIRA-ASE/DLR/ESA 19 Fabruary 2009 SCIAMACHY - BIRA-IASB/MNMIESA 19 Fabruary 2009
A3 420 AW A A0 L] 0 A0 20 00 150 13D =120 A £l A0 L] 20 A0 0 L0 150
b s e e

| @ < e e || 9 s = : 1= |
s L - \ Y & . - ‘! " . e =

| ! A
Cl =1 3 3 o g =3
] - B (i. 4
Al E =Y | = o g =y o o

| -l M . LG o
M' i \ 7 : % o . ! \ 7 : ‘( : o - K
All'g I bt || 9 TR 3 b ];
C | r" -~ el T o . )

|k 5 = - [ = 38

K e — 5 2 - -

7 | [ — ]
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Other plots Download the data file of 19 Februsry 2009
SO2 slant column density (The data file covers the whale worid)
SO2 vertical column density Absorbing Aerosol Index
S02 vertical column [DU] Aerasol Index
OMI -~ KNMIBIFA-ASE NASA OMI — KNMUNASA

Other plots
1] ver fraction

[OMI NRT data files are not made available]

mZoQ

SO2 vertical column density

802 vertical column [DU]

GOME-2 - BIRA-IASE/DLR

Cloud cover fraction
GOME-2 - DLR

Cloud cover fraction

1% Fabruary 2008

3 120 A0 A A0 0 b1 [ 0 o0 130
v
P SR —
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. P g ol 9-}
. i o | v Pt .
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= ]
os [+E.] 11 1.4 17 20 »>10 oo o2 o4 o oa 1.0
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SO2 slant column density

http://www.oma.be/B IT?A-IASB/MoIecuIes/SOant/vs/orbit.php




DLR GOME-2 website

GOME-2 Near-Real-Time Service

GOME-2 level 3 products on SO2 are generated at DLR in near-real-time in the framework of the projects ESA/PROMOTE, EUMETSAT/AGORA and BMBF/EXUPERY.

GOME-2 NRT Products (level 3)
Latest Map

GOME-2 / MetOp
S0, Vertical Calumn Density

TRy e
# =3 a5t
A & -
b
-

One-dey Compasite. 50, [Dobaan Uraty]
Lv2 Version; 0OP-L.2
P W i de e os 18 18 20

Archive: Images (GIF, PS)
S02 Navigation Tool

Select Region from List

Hawaii

Iceland

Indonesia East
Indonesia West

Italy / Greece

Japan

Kamchatka

Southern Indian Ocean
Western Indian Ocean
Marion Islands
Mexico

New Zealand

From

Year :| 2009 3 !| February

Map of Previous Day / Latest Available Data

dan 12, 2009

GOME-2 | MatOp Jan 11, 2009
50, Vertizal Column Density
3 T IR
[: h 1 3
B ¢
L

Deedday Comporite
L2 Version: GOPL2
g i e e 60 03 18 18 20

A

Select Region from Map

{ M‘.-ap | satellite| Hybrid | Terrain |
[€lEHl=] §x

POWERED BT
M.mmmmmm.-m.wrm - Termg bt ke
.Tn optional

¢/l 19 3| vear:[2009 %[ February $|[19 3)S02> bu

(‘Search Archive ) ( Clear Form )

http://wdc.dIr.de/data_products/SERVICES/GOME2NRT/so2.php



AIRS NRT SO, website

O JAIRS L1B (to get hdf data, emall us)

2007.1124.118 AIRS.2007.11.24.118.L1B.AIRS_Rad.v4.0.9.0.N07328092701.hdf
2007.11.24.007 _._ .__ -:;\IRS.ZU(}?.H.Zd.U(}?.LlB.AIRS ‘Rad.v4.0.9.0.N07327220006.hdf
2007.10.15.163 . _; AIRS.2007.10.15.163.L1B.AIRS_Rad.v4.0.9.0.NO7288 144427 hdf
2007.10.15.147 . . AIRS.2007.10.15.147 L1B.AIRS_Rad.v4.0.9.0.N07288130040.hdf
2007.10.04.217 . ' I[AIRS 2007.10.04.217 LIB.AIRS_Rad.v4.0.9.0.N07277195643 hdf
2007.10.04.096 ‘ ‘ AIRS 2007.10.04. 096 L1B.AIRS_Rad.v4.0.9.0.N07277063327.hdf
2007.10.04.080 ‘ ‘ AIRS.2007.10.04 080.LIB.AIRS_Rad.v4.0.9.0.N07277062356.hdf

2007.10.03.226

AIRS.2007.10.03.226 LIB.AIRS

Rad.v4.0.9.0.N07276203956.hdf

2007.10.03.105 AIRS.2007.10.03.105.L1B.AIRS_Rad.v4.0.9.0.N07276072757 hdf
2007.10.03.089 ‘ ‘ AIRS.2007.10.03.089. L1B.AIRS_Rad.v4.0.9.0.N0727607 1649 hdf
2007.10.02.236 . . AIRS.2007.10.02.236.L1B.AIRS_Rad.v4.0.9.0.N07275214657 hdf

2007.10.02.235

AIRS.2007.1002.235 LIB.AIRS

Rad.v4.0.9.0.N07275214658 hdf

http://www.star.nesdis.noaa.gov/smcd/spb/airs/so2.html



CALIPSO website

Begin End Number Profiles
2009/02/15 00:27:25.3479 UTC 2009/02/15 01:19:54.4504 UTC 63495

A

Begin End Number Profiles
2009/02/15 01:19:54.5000 UTC 2009/02/15 02:06:19.0674 UTC 56145

Begin End Number Profiles
2009/02/15 02:06:19.1170 UTC 2009/02/15 02:58:48.2184 UTC 63495

—

Begin End Number Profiles
2009/02/15 02:58:48.2680 UTC 2009/02/15 03:45:12.0904 UTC 56130

g .
¥ ’%M?"-“?.-' .

http://www-calipso.larc.nasa.gov/products/lidar/browse _images/show_calendar.php
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Exploiting A-Train synergy for volcanic cloud studies
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Kilauea degassing — April 7, 2008

The A-Train

CALIPSO CloudSat
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