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Why use satellite remote sensing?

• Indicator of volcanic activity
• Indicator of precursory activity (sometimes)
• Remotely detect ash, SO2, temperature
• Can provides robust time series (monthly to every 15 

mins) mins) 
• Provides 2D snapshot of volcano—e.g. mapping of lava 

flows, extent of volcanic clouds, surrounding area 
affected by ash, SO2, etc.
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Blackbody 
Radiation Curves

Blackbody radiation curves for 
several objects including the 
Sun and the Earth which 
approximate 6,000 K and 300 K 
blackbodies, respectively. Hot 
lava ~1000ºC has its 
dominant wavelength at ~2 dominant wavelength at ~2 

m. As the temperature of 
an object increases, its 
dominant wavelength ( max ) 
shifts toward the shorter 
wavelengths of the 
spectrum.
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Radiant 
Intensity 

of the Sun

The Sun approximates a 6,000 K 
blackbody with a dominant 
wavelength of 0.48 m (green 
light). Earth approximates a 300 
K blackbody with a dominant 
wavelength of 9.66 m.  The 
6,000 K Sun produces 41% of its 6,000 K Sun produces 41% of its 
energy in the visible region from 
0.4 - 0.7 m (blue, green, and red 
light) and our eyes are only 
sensitive to light from the 0.4 to 
0.7 m. Remote sensor detectors 
can be made sensitive to energy 
in the  non-visible  regions of the 
spectrum.
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Electromagnetic 
Spectrum

The Sun produces a 
continuous spectrum of energy 
from gamma rays to radio 
waves that continually bathe 
the Earth in energy. The visible 
portion of the spectrum may portion of the spectrum may 
be measured using 
wavelength (measured in 
micrometers or nanometers, 
i.e., mm or nm) or electron 
volts (eV). 

Jensen 2007



Absorption of the Sun’s Incident Electromagnetic Energy in 
the Region from 0.1 to 30 m by Various Atmospheric Gases

window
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Satellite bands are chosen based on atmospheric transmission



Sensor Resolution

Each type of remotely sensed data has four major types of 
resolution associated with it:

• Spatial Resolution
• Spectral Resolution• Spectral Resolution
• Temporal Resolution
• Radiometric Resolution



The number and dimension of specific wavelength intervals in the 
electromagnetic spectrum with which a remote sensing instruments in
sensitive.

Spectral Resolution
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Visible to near-infrared
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Spatial 
Resolution

A measure of the  
smallest angular or
linear separation between 
2 objects than can be 
resolved by the sensor. In 
digital sensors it is simply 
the dimension (usually the dimension (usually 
expressed in meters) of 
the ground projected an 
instantaneous field of 
view (IFOV) or the pixel 
size.
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Temporal Resolution

June 1, 2004 June 17, 2004 July 3, 2004

Frequency of acquisition for a particular geographic area. 

Geosynchronous satellite based sensors can collect with greater 
frequency than a sun-synchronous for a specified area, e.g.
GOES vs. Landsat. 

16 days
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Radiometric Resolution

8-bit
(0 - 255)0

7-bit
(0 - 127)0

Sensitivity of a detector to record 
differences in signal strength. 
Usually expressed as bits. 8-bit data 
has 256 sensitivity levels, whereas 
16-bit data has 65,536 sensitivity 

levels.

9-bit
(0 - 511)

10-bit
(0 - 1023)

0

0
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Multispectral Satellite Sensors

• Low Spatial Resolution
– AVHRR
– MODIS
– GOES
– TOMS, OMI– TOMS, OMI

• High Spatial Resolution
– ASTER
– LANDSAT
– QUICKBIRD/IKONOS
– HYPERION EO-1 (Hyperspectral)



• 7 bandpasses (3 VIS, 1 NIR, 2 
SWIR, 1 TIR)

• Sun-synchronous, Low Earth Orbit
• 30-m IFOV (TIR = 120 m)
• 16 day repeat; 185 km swath

Landsat Thematic Mapper (TM)

• 16 day repeat; 185 km swath
• 8-bit data
• Large archive of volcano data
• Very, very few night-time data sets
• Still going strong

Courtesy R. Wright



Landsat Enhanced Thematic Mapper Plus (ETM+)

• ETM+: like TM but enhanced
• Sun-synchronous, Low Earth Orbit
• 15-m PAN band
• 60-m TIR band (high & low gain)
• Scanning mechanism
malfunctioned in 
May 2003

Courtesy R. Wright



• ASTER: “Landsat-class” instrument
• Sun-synchronous, Low Earth Orbit
• 14 bandpasses (2 VIS, 1 NIR, 
6 SWIR, 5 TIR)

• 30-m IFOV (VIS & NIR); 30-m 
(SWIR); 90-m (TIR)

Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER)

(SWIR); 90-m (TIR)
• Stereoscopic capability (NIR)
• 60 km swath
• VIS/NIR/SWIR = 8-bit; TIR=12-bit
• Limited duty cycle but a lot of 
volcano data including night-time
scenes

• Not experimental, but no
replacement 
planned

Courtesy R. Wright



VNIR

Bands 3,2,1

SWIR

Bands 7,4,5

TIR

Band 13

ASTER: Arenal volcano, 25 March 2003

15 m/pixel 30 m/pixel 90 m/pixel



ASTER
Visible (3 bands): 15 m

Shortwave IR (6 bands): 30 m
Thermal IR (5 bands): 90 m

Landsat ETM+
Visible (1 band): 15 m
Visible (3 bands): 30 m

Shortwave IR (4 bands): 30 m
Thermal IR (1 band): 60 m

Santa Ana
Feb 3, 2001

Santa Ana
May 3, 2005

Comparison of high spatial resolution data

Repeat period: on demand (sporadic)

Cost: 80 USD/scene

Repeat period: 14 days

Cost: 250 USD/scene

Data after May 30, 2003 have scan 
line corrector problem



• Only commercially available space-
based hyper-spectral imager

• Sun-synchronous, Low Earth Orbit
• 242 contiguous wavebands between 
0.357 – 2.479 mm (196 unique 
calibrated wavebands)

Earth Observing-1 Hyperion

calibrated wavebands)
• 30-m IFOV, 7.5 km swath
• 12-bit data
• Very low duty cycle (experimental   
satellite)

• Regular night-time data takes over 
active volcanoes

Airborne Visible Infrared Imaging Spectrometer (AVIRIS) 
Datacube of Sullivan’s Island Obtained on October 26, 1998



QuickBird/IKONOS

Quickbird: 60 cm pixel size

IKONOS: 1-4 m pixel size

Both launched and operated
by private sector 

IKONOS – 1-4 m

Mt. Belinda volcano, Montagu Island
South Sandwich Islands

Data are very expensive
(~1000 dollars a scene)



Quickbird image



AVHRR MODIS GOES

• Polar orbiting

• 1 km pixel size

• 5 bands

• Polar orbiting

• Visible: 250 m pixel size

• Thermal: 1 km pixel size

• Geostationary

• Visible: 1 km pixel size

• Thermal: 4 km pixel size

Low resolution data

• 5 bands

• Multiple operating 
satellites (>1 scene/day)

• Thermal: 1 km pixel size

• 36 bands

• Two operating satellites 
(Terra and Aqua)

• Thermal: 4 km pixel size

• 5 bands

• Image every 15-30 min.

• Only western 
hemisphere



• Sun-synchronous, Low Earth Orbit
• Meteorological/environmental 
monitoring sensor

• 5 bandpasses (NOAA 12+). 1 VIS, 

Advanced Very High Resolution Radiometer 
(AVHRR)

• 5 bandpasses (NOAA 12+). 1 VIS, 
1 NIR, 1 SWIR, 2 TIR

• IFOV = 1.1 km at nadir (much large 
off-nadir)

• 10-bit data

Courtesy R. Wright



• MODIS: environmental monitoring sensor
• Sun-synchronous, Low Earth Orbit
• 36 bandpasses: 11 VIS; 5 NIR; 10 SWIR; 
10 TIR)

• 250-m IFOV (bands 1 & 2); 500-m (bands 

Moderate Resolution Imaging  
Spectroradiometer (MODIS)

• 250-m IFOV (bands 1 & 2); 500-m (bands 
3-7); 1000-m (bands 8-36)

• 12-bit data
• 48-hour repeat frequency (sort of….)
• Two MODIS sensors currently in orbit

Courtesy R. Wright



• GOES: meteorological satellite
• Geostationary orbit
• 5 bandpasses (GOES 8-10). 1 VIS, 1  
SWIR, 1 MIR, 2 TIR

Geostationary Operational Environmental 
Satellite (GOES)

SWIR, 1 MIR, 2 TIR
• 1-km IFOV (VIS); 4-km (SWIR, TIR); 
8 km (MIR)

• 10-bit data
• Temporal resolution: 7.5-30 min.

Courtesy R. Wright



High Resolution Strength: 
Gives an idea of eruption style (not just presence of activity)

Low Resolution Weakness: 
Low resolution!

Example: Mount Belinda (Montagu Island) eruption, South Sandwich Islands

MODIS (1 km) ASTER thermal-visible composite (15-30 m)

Appears to be erupting...but 
style unknown

90 m wide lava flow sourced from 
summit crater extending 3.5 km to 

reach the sea



High Resolution Strength: 
Provides view of passive heat emission (e.g. fumaroles)

Santa Ana
High 
temperature 
fumaroles in 
Santa Ana 

High Resolution Weakness: 
Low temporal resolution (weeks)

Izalco

ASTER nighttime thermal IR image: 16 Jan 2006 

Santa Ana 
crater

Low 
temperature 
fumaroles on 
Izalco summit



Other practical limitations

a)  Satellite repeat periods

High spatial resolution (tens of m) = low temporal resolution (tens of days)

Low spatial resolution (1 km) = high temporal resolution (daily)

b)  Cloud cover: Dense clouds can completely block IR from even large, active 
lava flowslava flows

• A limitation in Central America, varies by season

c)  Saturation/response-pixel – pixels over active lava surfaces often saturate 
(reach highest measurable value), which affects neighboring pixels
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Courtesy Elisabet Head, MTU
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Volcanic clouds and aircraft

• Ash erodes sharp blades in the compressor, reducing its 
efficiency 

• Ash melts in the combustion chamber to form molten glass 
• Ash then solidifies on turbine blades, blocking air flow and 

causing the engine to stall
• Also causes windshield/external damage from erosion



• Advanced Very High Resolution Radiometer
• Aboard NOAA weather satellites
• Multiple instruments � results in data a few time a day for a given 

location
• 1.1 km (LAC) or 4 km (GAC) pixel resolution
• Band wavelengths:

AVHRR

• Band wavelengths:
» Channel 1: 0.58 - 0.68 microns
» Channel 2: 0.725 - 1.10 microns
» Channel 3A: 1.58 - 1.64 microns
» Channel 3B: 3.55 - 3.93 microns
» Channel 4: 10.30 - 11.30 microns
» Channel 5: 11.50 - 12.50 microns



Volcanic Clouds which 
contain silicate ash 

selectively absorb and 

Split-window method of ash detection

selectively absorb and 
scatter infrared radiation, 
in an opposite sense to 
the liquid water or ice 

particles in met clouds.



Where is the volcanic cloud???

AVHRR Band 4 AVHRR Band 4-5

Magia!



Mt. Spurr, Alaska – Sept. 17 - 20, 1992

Schneider et al,1995, USGS Bull 2139: 27-36
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SourceSource SOSO22 SOSO44

FossilFossil--fuel combustion +industryfuel combustion +industry 7070 2.22.2

Biomass burningBiomass burning 2.82.8 0.10.1

OceansOceans –– 4040––320320

Global SOGlobal SO22 budgets in Tg yrbudgets in Tg yr--11

OceansOceans –– 4040––320320

Plants+soilsPlants+soils –– 22––44

VolcanoesVolcanoes 77––88 22––44



SOSO22 Applications of satellite sensorsApplications of satellite sensors

Retrieval Application Disadvantag
es

Spatial
resolution

Archive 
length

TOMSTOMS
0.30.3--0.36 0.36 mmmm

Large scale 
eruptions

Daytime only, 
spatial 

resolution

25-60 km 30 years

OMIOMI
0.270.27--0.50 0.50 mmmm

Large scale 
to passive 
degassing

? 13 x 24 km 2 years

0.270.27--0.50 0.50 mmmm degassing

AIRSAIRS
HyperspectralHyperspectral

Large scale 
eruptions

Spatial 
resolution                           

16 km                           < 4 years

MODIS TOVS MODIS TOVS 
7.347.34mmmm

Mid scale 
eruptions

Higher 
altitude 
required 

1 km
18 km

6 years
30 years!

MODIS/ MODIS/ 
ASTER 8.6ASTER 8.6mmmm

Mid-scale –
passive 

degassing

Ash and 
sulfate 

interferences

1 km
0.09 km

6 years



TOMS: Total Ozone Mapping Spectrometer



TOMS archiveTOMS archive



OMI: Ozone Mapping Instrument

http://disc.gsfc.nasa.gov/Aura/OMI/omso2.shtml http://so2.umbc.edu/omi



TOMS- MODIS comparison

20              40
10              60

Mt. Cleveland eruption, 2001
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High res thermal imagery: ASTER Low res thermal imag ery: AVHRR

Tungurahua volcano Kilauea volcano



MODVOLC

What does it do? Detects high temperature pixels (from volcanoes, vegetation 
fires and industrial activity) in MODIS imagery.  MODIS images every spot on 
the Earth about twice a day.  

Who developed it? Rob Wright, Luke Flynn and others at Hawaii Institute of 
Geophysics and Planetology, University of Hawaii

Wright R, Flynn LP, Garbeil H, Harris AJL, & Pilger E. 2004. MODVOLC: near-real-time 

Where are the data?

http://modis.higp.hawaii.edu

Wright R, Flynn LP, Garbeil H, Harris AJL, & Pilger E. 2004. MODVOLC: near-real-time 
thermal monitoring of global volcanism. Journal of Volcanology and Geothermal 
Research, 135, 29-49.



MODVOLC: strengths – worldwide coverage, easy to use interface

Limitations – only detects significant eruptive activity



MODVOLC results



Final remarks

• Satellite remote sensing data provide an additional method of 
monitoring active volcanoes:
a) Mapping and visualizing volcanic effects
b) Measuring ash and SO2 output from volcanic eruptions
c) Monitoring thermal output from eruptions

• Satellite data provide a synoptic view of a volcano and surrounding 
area with variable time series (minutes to months):  area with variable time series (minutes to months):  
Low spatial resolution = high temporal resolution
High spatial resolution = low temporal resolution

• Operational satellite monitoring demands near-real time information –
reliance on low spatial resolution data with high temporal resolution

• Many online resources for free imagery:
• SERVIR: http://servir.nsstc.nasa.gov/index.html
• EarthExplorer: http://edcsns17.cr.usgs.gov/EarthExplorer/
• Global Land Cover Facility, University of Maryland:

http://glcf.umiacs.umd.edu/data/



Gracias por su atencion!Gracias por su atencion!


