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Saharan Dust Source Plume
Bodele Depression Chad June 3, 2005  Orbit 29038

MISR

Dust is injected near-surface…

MODIS

Kahn et al., JGR 2007

Presenter
Presentation Notes
MODIS context image, and MISR detail, AOD, and stereo height images, showing Bodele dust storm near-source; dust plume is very near the surface.



Transported Dust Plume
Atlantic, off Mauritania March 4, 2004  Orbit 22399

MODIS

MISR

Kahn et al., JGR 2007Transported dust finds elevated layer of relative stability… 

Presenter
Presentation Notes
MODIS context image, MISR detail image, MISR stereo height histogram and NCEP-model atmospheric stability profile, showing transported dust off the Mauritania coast having reached a layer of atmospheric relative stability at about 2 km above the surface. 
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Oregon Fire  Sept 04 2003 
Orbit 19753 Blks 53-55 MISR Aerosols V17, Heights V13 (no winds)

Kahn, et al., JGR 2007
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Kahn et al., JGR 2007

MISR Aerosol Retrievals – Mt. Etna Eruption 
27 Oct. 2002 Orbit 15204 Path 189

Presenter
Presentation Notes
  Figure 10. A detailed look at the plume source region within patch 1 of Figure 8a. (a) Image detail showing part of the patch 1 region, from the MISR nadir view at 275 m horizontal resolution, hints at the complex array of sources and pyrocumulus in the vicinity of Mt. Etna at overpass time on 27 October 2002. (b) MODIS Rapid Response image (http://rapidfire.sci.gsfc.nasa.gov/gallery) of roughly the same area as Figure 10a, with the regions where major heat sources were detected based on the infrared radiative energy flux outlined in red. (c) A high-resolution image looking toward the SW, acquired from the International Space Station on 30 October 2002, reveals the complex mix of steam, ash, and wildfire smoke plumes concentrated along both the NE (lower left-center in the image) and S (upper right) flanks of Mt. Etna. (Image ISS005-E-19015, obtained from the NASA Space Station on-line image gallery: http://spaceflight.nasa.gov/gallery/images/station/crew-5/html/iss005e19024.html). The major eruptions began about 12 hours before the Terra overpass. More details about ground-based observations of the 2002 Etna eruption are given by: http://boris.vulcanoetna.com/ETNA_2002.html and http://www.swisseduc.ch/stromboli/etna/etna02/etna0211northfissure-en.html.



Kahn et al., JGR 2007

MISR Aerosol Retrievals – Mt. Etna Eruption 
27 Oct. 2002 Orbit 15204 Path 189 Blk 60-63

Presenter
Presentation Notes
 Figure 8. Mount Etna eruption, 27 October 2002, orbit 15204, path 189, blocks 60–63. (a) MISR nadir view of the volcano plume, with five study site (patch) locations indicated as numbered green boxes, and MISR Stereo-derived wind vectors superposed in yellow. (b) MISR midvisible column AOT (version 17) retrieved at 17.6 km spatial resolution, with study site locations indicated by red arrows. For the black pixels, no retrievals were obtained, in most cases due to high AOT or surface complexity. (c) MISR derived, column-average Angstrom exponent for the plume and surrounding area. (d) MISR lowest residual aerosol mixture for the same region. Mixtures 51–74 (shown in yellow and red) contain some non-spherical, weakly absorbing particles, whereas mixtures <51 contain only spherical particles, having a range of sizes and SSA, in varying proportions.
 Figure 9. (a–e) Histograms of MISR Stereo standard product plume height, retrieved at 1.1 km horizontal resolution, and about 0.5 km vertical resolution, for the five study sites identified in Figure 8a. (f) Atmospheric stability profiles derived from the NCEP GDAS [Saha et al., 2005], at about 50 km horizontal resolution, assessed in the vicinity of patch 1 (black line with squares) and patches P2 and P3 (gray line with circles). Also shown in Figure 9c are gray histograms for site E3, nearly collocated with P3, but obtained 2 days later, on 29 October 2002, orbit 15233, path 187. The corresponding atmospheric stability profile is given in Figure 9f as a gray line with triangles.



Smoke from Mexico -- 02 May 2002
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Mount Etna Plume Height and Eruption Style from MISR

Scollo et al., JGR 2012







MISR Research Aerosol Retrievals
07 May 2010 Orbit 55238 Path 216 Blk 40 UT 12:39

Kahn & Limbacher, ACP 2012
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Plume Particles
• Distinct from background

-- larger, darker
-- much higher AOD

• Non-spherical dominated
• Brighten downwind
• Tend to decrease in size

downwind





Ft. McMurray Wildfire Smoke Plume Heights
MISR Active Aerosol Plume-Height (AAP) Project 06 May 2016

Zero-wind & Wind-Corrected 
MISR Height Profiles 

Downwind from Near-source

MISR-MINX Height Map
Northwest Part
Of Main Plume

MISR-MINX Height Map
Southeast Part
Of Main Plume

R. Kahn, T. Kucsera /  NASA GSFC
T. Canty, R. Bolt, CJ Vernon / U. Maryland

The height at which smoke is lofted into
the atmosphere affects how long it will
stay aloft, how far it will travel, and how
much of an impact it will have on air
quality downwind, and regional climate.

Parallax, the change in apparent plume
position relative to the surface, as
observed from the NASA Earth Observing
System’s Multi-angle Imaging
Spectroradiometer (MISR) instrument,
makes it possible to map the height of
smoke, dust, and volcanic plumes near-
source, where plume features are visible
in the multi-angle views.

MODIS
Context Image,
also showing 

downwind smoke



MISR 
Stereo Heights:

~3400 Smoke Plumes
Over N. America

% of Plumes injected above boundary layer
stratified by vegetation type & year

Val Martin et al. ACP 2010

MODIS Smoke Plume Image & Aerosol Amount Snapshots

GoCART Model-Simulated Aerosol Amount Snapshots
for Different Assumed Source Strengths Petrenko et al., JGR 2012

Different Techniques for Assuming Model Source Strength
Overestimate or Underestimate Observation

Systematically in Different Regions

Wildfire Smoke Injection Heights & Source Strengths
[These are the two key parameters representing aerosol sources in climate models]

Presenter
Presentation Notes
Wildfire Smoke.  Aerosol transport and climate models represent aerosol sources based on an initial *injection height* and a *source strength*.  (a) With Stereo Imaging from MISR and a special algorithm called MINX, we mapped the injection heights of 3400 smoke plumes over North America during a five-year period.  (b) By running the GoCART aerosol transport model with different initial source strengths, and comparing the simulated plume AOD with snapshots from MODIS for 124 globally distributed fires, we determined the model source strengths required to match the observations.  ** Both these efforts are now being expanded and used to validate an international set of AeroCom aerosol/climate models.  



NASA Volcano Eruption Response Workshop Summary

• Desire to consider in advance how best to respond to a major eruption
- Develop a realistic plan to maximize science
- Provide any appropriate societal support
- Key elements: coordination, cooperation, advance planning

• Main response components
- Surface Networks (lidars, sun photometers)
- Balloons
- Aircraft 
- Satellites
- Models

• Response time-scales
- ≤ 1 Hour
- 1-6 Hours
- ~ One Day
- One Week
- ≥ One Month

• A report is being complied
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