Associating the temperature difference model, used for AVHRR and GOES, to the MODIS image from February
19, 2001, of the eruption plume from Mt. Cleveland, Aleutian Islands, Alaska
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Abstract
The detection (from a band temperature difference technique) and estimation (from a mass retrieval technique) of mass from airborne ash of volcanic eruption plumes is critical for hazard mitigation. These techniques are important to avoid encounters between ash and aircraft. There have been some cases where a plane has encountered ash even when it
was hundreds to thousands of kilometers away from the source volcano. Because the North Pacific is the location of almost 100 potentially active explosive volcanoes, detection of ash is vital for the safety of aircraft that traverse this region every day. The spectral signature of airborne volcanic ash is compared for all 36 Moderate Resolution Imaging Radiometer
(MODIS) bands, from the 2310 UTC February 19, 2001 Mt. Cleveland eruption. This will be used to determine the optimum channel to apply the band temperature difference technique that will detect the maximum aerial coverage of the plume. Initially it was expected that the band temperature differencing technique using MODIS Band 31 (10.78 to 11.28 µm) minus
Band 32 (11.77 to 12.27 µm) would provide very similar results as Bands 4 (10.3 to 11.3 µm) minus Band 5 (11.5 to 12.5 µm) in Geostationary Operational Environmental Satellite (GOES) and Advanced Very High Resolution Radiometer (AVHRR) data. However, preliminary results reveal that MODIS Band 31 minus Band 32 may show better internal plume structure
than a GOES temperature difference of Band 4 minus Band 5 (recorded at 2316 UTC, February 19, 2001). Additionally, and possibly of more importance to aircraft safety, MODIS Band 29 (8.4 to 8.7 µm) minus Band 32 detected a larger aerial extent (39,610 km2) of the plume as compared to the GOES Band 4 minus Band 5 (15,980 km2). In addition, the mass retrieval
technique of airborne volcanic ash, using the subtraction of two long wave thermal bands versus a single thermal band to detect the airborne ash, is analyzed using the same MODIS data. This mass retrieval technique is similar to that carried out in other studies on AVHRR satellite images for post-eruption analyses. The AVHRR model uses analyses of Band 4
minus Band 5 versus Band 4. This same technique is applied to the MODIS data using Band 31 minus Band 32 versus Band 31 (i.e. bands similar in wavelength to AVHRR and GOES Band 4 and Band 5 respectively). Preliminary results from this analysis of MODIS data was done, but due to more complex calculations for the retrieval of mass the estimation of
mass from the Mt. Cleveland plume was not done. Future work is needed with the possible aid of the program Radiannet from Michigan Technological University to complete the complex calculations.
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Regions of the electromagnetic radiation spectrum that MODIS operates in. The individual numbered bands
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February 19, 2001 Eruption Background
As summarized in Dean et al. (2002) the first of three explosive eruptions of Mt.
Cleveland began at 1430 UTC on February 19, 2001. The eruption was observed in
AVHRR and GOES satellite imagery. The eruption plume reached altitudes of 7.5 to 12
km for 8 hours. Thermal anomalies were observed in AVHRR at the summit and days
later on the west flank (the result of an a’a lava flow). Ashfall from this first eruption fell
on the nearest town of Nikolski, 75 km northeast, for 5 hours. The eruption plume was
detected in GOES imagery for 48 hours.
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Yellow cloud outline is the largest
extent (qualitatively) of the ash plume.
Area was used for further comparison
with the band subtractions.
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Preliminary graphs for Band 29 - Band 32 (left), Band 31 - Band 32 (center), and Band 29 - Band 32 vs. Band 31 - Band 32 (right) produced in Excel. The red diamonds
correspond to the Band 29 (for the left graph) and Band 31 (for the center graph) temperatures of the cloud top (left diamond in both graphs) and ground surface (right
diamond in both graphs). These temperatures are to be used in further studies to produce the cloud mass estimates possibly using the Radiannet program. The graph to the
right displays the similarity between the temperature differences. If the graph slope is 1, then both difference methods are similar. Slope of this line is given from an Excel
linear regression.

N

N

50 km

50 km

Normalized Thermal Index (NTI)
Comparison of the largest extent of the
ash cloud (Yellow) and the area of NTI
(Cyan).

Band 5
(11.50 to 12.50 mm)
5km resolution

Band 4 - Band 5
5km resolution

Basic assumptions of this technique as presented in Wen and Rose (1994), Yu and Rose
(2000), Yu et al. (2002), and Krotkov et al. (1999):
1) The volcanic particle shape is spherical for Mie theory
extinction calculations.
2) Uniform particle size distribution, dispersed uniformly
within a pixel.
3) The volcanic cloud is continuous.
These assumptions are very basic for calculation estimation purposes, but each is not
likely to be the case in nature.

Figure from Wen and Rose (1994) displaying AVHRR Band 4 - Band
5 versus Band 4 as black dots. The grid of curved horizontal lines
(effective radius of ash grains) and the curved vertical dashed lines
(optical depth) are used to determine the average effective radius
and optical depth values for mass calculation estimates. The
AVHRR bands in this image are similar to the MODIS Band 31 - Band
32 versus Band 31. For determining the calculation of mass in the
MODIS bands this grid needs to be produced. One way of getting
this grid and the values for mass estimation is to use the Radiannet
program that has been used at Michigan Technological University.
This will be the next step for future studies that will be able to
compare the mass estimates from this technique in AVHRR to the
same technique in MODIS.

Conclusions

GOES image from 2316 UTC on February 19, 2001
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Band Temperature Difference
- Enhance each band of the MODIS 2310 UTC image separately and save as a sub-sectioned image.
- Produce band subtraction images for a qualitative comparison on which one displays the largest aerial coverage of the eruption plume.
- Produce band combinations to determine if aerial coverage is enlarged, and if it is enlarged compare that area to the individual band subtraction areas.
- Enhance and produce band subtraction images for the GOES 2316 UTC image.
- Compare the largest aerial coverage of the MODIS band subtraction images to the aerial coverage of the GOES band subtraction image.
Mass Retrieval
- For the MODIS image, use the inverse Plank function given in Wen and Rose (1994) to convert emissive radiances to radiant temperature in Kelvins.
- Produce band subtraction images similar to the previous section.
- Using band 29 and band 31, find the temperature of the cloud (Tc) and surface (Ts) in a small sub-section of the image.
- Gain access to the program Radiannet with permission of the Michigan Technological University Volcanology Remote Sensing group to determine an estimate for the erupted mass of the eruption cloud in
the small sub-section.

Example Band 29 image displaying the largest aerial
extent of the ash plume (Yellow) and the sub-sectioned
area for the mass retrieval (Red). The sub-sectioned
area was used to produce the three graphs to the right,
and with future access, will be used in the program
Radiannet to determine an estimate of the qualitatively
detected erupted volume.
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Each image displays a single band of MODIS data. Each was processed and enhanced using ENVI version 3.5 remote sensing software. The caption for each image contains information on the band number, wavelength range, spatial resolution, and a brief list of what that band was originally designed to study. Bands 20-25 and 27-36 also have
information on the saturation in Kelvins. Bands 7 and 10 through 16 have not been enhanced. All enhancements done to qualitatively bring out the plume using the ENVI Tools-Color Mapping-ENVI Colors-Rainbow setting. Data for bands 1-7 are in scaled integers, bands 8-19 and 26 are in reflective radiances, and bands 20-25 and 27-36 are in emissive
radiances. Scale bars and north arrows are provided for each image, while the thick yellow line designates the coastline of the eastern Aleutian Islands of Alaska. The final two images are a true color composite and false color composite of the MODIS image for visual enjoyment.

Results of the Band Temperature Difference
MODIS image comparisons from 2310 UTC on February 19, 2001
Band 28 - Band 32
1km resolution
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5km resolution
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The band temperature difference model for the 2310 UTC MODIS image from Mt. Cleveland qualitatively shows a larger aerial extent of the eruption plume as compared to the same method from a GOES 2316 UTC
image of the same plume. Additionally, the MODIS Band 29 - Band 32 displays a larger aerial extent of the plume than Band 31 - Band 32 (i.e. Similar wavelengths to GOES and AVHRR Bands 4 and 5 respectively). Band
31 - Band 32, however, shows better internal plume structure than any of the other band temperature differences. The application of the band temperature difference model to mass retrieval has been started, but the
calculations proved to be more complex than originally thought. Steps are being taken to access the Radiannet program, used by Michigan Technological University for their mass retrieval calculations, for future study
of this method for MODIS. Overall it has been observed that the techniques used for plume detection and mass retrieval in AVHRR and GOES imagery can be applied to MODIS.
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