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Volcanic clouds:
MODIS IR bands of

Interest
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atmospheric
water vapor,
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various volcanic
cloud
components suc
as SQ and
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silicate ash, ice
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Algorithms for Volcanic clouds using IR

Species

Original Sensor
[and channels]

Reference

MODIS
channels

ASTER
channels

AIRS
channels

AVHRR [4,5]

Prata

1989 a,b

31, 32

13, 14

12 -14

AVHRR [4,5]
GOES [4,5]

Wen and
Rose

1994

31, 32

13, 14

12 -14

AVHRR [4,5]
GOES [4,5]

Rose et al

199t

31, 3

13, 1«

12-14

TIMS [1-6]

Realmuto
(etal)

(1994),
1997, 2000

29 - 32

10-14

N/A

HIRS/2 [5-10]

Yu and Rose

2000

TOVS! [8,11,12]

Prata et al.,

2003
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Pinatubo, 1991 — TOVS and TOMS compariso

TOVS (7.4mm) TOMS (0.3 mm)

A J Prata et al, in press




Retrieval

Application

Disadvantages

TOMS
0.3-0.36mMm

Large scale
eruptions

Spatial resolution

MODIS
7.34Mm

Mid to large

scale eruptions

High altitude
required

MODIS/
ASTER
8.61m

Mid-scale —
passive
degassing

Ash & sulfate
Interferences




Dec 2000-January 2001 was Popo’s most intensedefio
eruptions throughout the 9 year period since 19@&lhave
begun an intensive study of MODIS data during these
months.




Popo’s activity is quite variable in intensity astgtle. It has ash-rich and ash-poor
eruptions and it has clouds of low and moderatghtisi With its tropical high
altitude location and frequent, small to mediumeseativity, it is an interesting
study target, and gives us a great opportunitgaon about MODIS capabilities,
especially since the volcano is well observed anditared.




We used trajectory and temperature information
for the volcanic cloud from the Washington
VAAC notices to confirm heights for the clouds




Imaginary
refractive
Index

Volcanic Clouds which contain silicate ash selectively
absorb and scatter infrared radiation, in an opposite sense
to the liquid water or ice particles in met clouds.




* SO, maps currently generated do not take account of
Interference from ash (or sulfates or ice).

e 8.6 Mm Is more strongly affected than ‘fith by ash

* \We can use the our forward model, which incorporates
ash (MIE), SQ(HITRAN) and a MODTRAN-based
atmosphere to study the effects of the different cloud

components on our retriev

e If we assume the ash retrieval is unaffected by, 8@
can use that to ‘truth’ the S@apping procedures using
the forward model

*The Popocatepetl MODIS images provide us with an
iIdeal opportunity to test out retrievals at a variety of
different SQ:ash ratios at different cloud heights




Quick Look for ash

Separate retrievals

NS

|

Ash discrimination scheme using brightness
temperature differencing outlines two clouds anu&o
complexity







7.4 micron (Band 28) can also depict the volcanic
cloud---Eastern High volcanic cloud has marked cold
band 28 BT and intermediate 28-32 BTD

Meteorological cloud

Western cloud

\Volcanic cloud




Ash retrievals (Wen & Rose, 1994) show that the
eastern, higher cloud has quite a variable ash
distribution and a moderate mass of ash.




The western, lower cloud shows ash patterns that
decrease with distance from the vent like many goun
volcanic clouds and a coarser overall ash parsicie.




7.4 micron retrieval of S&measures the 12 km
cloud, (with minimal effects of ash?)




8.6 micron

/ retrieval finds lots
of low altitude
SO In addition to
the high cloud

Good match with 7.4 shov
that ash effects are not—
strong In this case




Highest ash
mass, also strong
% 8.6 SQ signal

Ash mass of eastern

clouds ~32 KT
40 KT ash,

8.6 5C 16 KT SC2
signal




MODIS offers a variety of infrared volcanic
cloud study tools

These can be effectively used together to
add capability to sense and inter

Low, moderate and variable level activity
at Popo provides a robust test

Successful tools for studying low level
activity require this comprehensive
approach










* An aerosol forward model (based around the
Mie scattering code and MODTRAN) has been
developed to solve the forward solution to the

Fredholm integral of the first kind
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