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Abstract

Lava flow modeling can be a powerful tool in hazard assessments; however, the ability to
produce accurate models is usually limited by a lack of high resolution, up-to-date Digital
Elevation Models (DEMs). This is especially obvious in places such as Kilauea Volcano
(Hawai‘i), where active lava flows frequently alter the terrain. In this study, we use a new
technique to create high resolution DEMs on Kilauea using synthetic aperture radar
(SAR) data from the TanDEM-X (TDX) satellite. We convert raw TDX SAR data into a
geocoded DEM using GAMMA software [Werner et al., 2000]. This process can be
completed in several hours and permits creation of updated DEMs as soon as new TDX
data are available. To test the DEMs, we use the Harris and Rowland [2001] FLOWGO
lava flow model combined with the Favalli et al. [2005] DOWNFLOW model to simulate
the 3-15 August 2011 eruption on Kilauea’s East Rift Zone. Results were compared with
simulations using the older, lower resolution 2000 SRTM DEM of Hawai‘i. Effusion
rates used in the model are derived from MODIS thermal infrared satellite imagery.

FLOWGO simulations using the TDX DEM produced a single flow line that matched the
August 2011 flow almost perfectly, but could not recreate the entire flow field due to the
relatively high DEM noise level. The issues with short model flow lengths can be
resolved by filtering noise from the DEM. Model simulations using the outdated SRTM
DEM produced a flow field that followed a different trajectory to that observed.
Numerous lava flows have been emplaced at Kilauea since the creation of the SRTM
DEM, leading the model to project flow lines in areas that have since been covered by
fresh lava flows. These results show that DEMs can quickly become outdated on active
volcanoes, but our new technique offers the potential to produce accurate, updated DEMs
for modeling lava flow hazards.






Figure 3.12 FLOWGO model projections for the August 2011 lava flow on a TanDEM-X DEM.
The red line is the single flow line produced by the model at the given effusion rate. The yellow
line is the line of steepest descent on the DEM and the black asterisk represents the vent. The
flow line in each model is drastically affected by the amount of noise in the DEM and does not
represent a realistic eruption at its respective effusion rate. The effusion rate that best fits the
August 2011 flow is unrealistic and was found by trial and error.

4. Discussion and Conclusions

We have shown the importance of accurate topography in lava flow models, as well as
the need for frequent updates of DEMs at persistently active volcanoes such as Kilauea.
Currently, the time delay between a TanDEM-X data acquisition and data availability is a
few months. Hopefully, as the data are used in more studies, results will begin to show
the importance of rapid access and reduce the time lag (especially for emergencies)
between acquisition and availability. The time interval between acquisitions for the
Kilauea tracks is approximately 1-3 months, so a new DEM can potentially be created for
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the volcano up to several times per year. This is a breakthrough for areas that experience
prolonged lava flows such as Kilauea, where the DEM needs constant updates.

Since the TDX DEMs are created using a space-borne SAR, the DEMs are noisy and may
cause problems with some lava flow models. Attempts can be made to reduce the noise,
such as averaging multiple passes of the satellite over the same area using different look
angles [Krieger et al., 2007], but this is done on a longer time scale, so it is not an option
for this study. Another option is to apply various different filters to the data. This may
help to reduce the noise, but should only be used if it does not degrade the “real”
topography in the data.

Unfortunately, because of the noise inherent in the TDX DEMs, as well as the age of the
SRTM DEM, the results of modeling the August 2011 eruption using FLOWGO are not
directly comparable. The noise in the TDX DEM reduced the functionality of the
FLOWGO model, creating a “false” topography and overloading the profile maximum,
so the flow runs were not viable. The model outputs on the SRTM DEM provided more
realistic results, but because the DEM was out of date, it created a different type of
“false” topography for the model.

So, the next important question becomes, “What is the most optimum resolution for a
DEM used in flow modeling?”” After examining the results of the two DEMs using the
FLOWGO model, it is still not certain. More studies are needed on the high resolution
TDX DEMs, as well as other DEMs of intermediate resolutions, to constrain the optimum
resolution for lava flow modeling. In this study, the high resolution of the TDX DEM
exceeded the capabilities of the FLOWGO model, but the model could be adapted to

cope with larger datasets. This problem may not be exclusive to FLOWGO. All models
that utilize a DEM in their calculations must be capable of handling large amounts of
data, because technology will continue to improve data quality.

As the data increases in size and resolution, it is also important to constrain the lower
limit to the task it will undertake. For example, is a DEM with 1-meter resolution needed
for a lava flow model? What kind of problems might such a high resolution cause, and
how will it affect the flow model? What might the DEM look like in a forested area
where the height of the treetops, rather than the ground, is represented? Perhaps more
importantly, at what point does the resolution no longer make a difference in the lava
flow model? There may be no difference in a 1 meter versus 3 meter resolution DEM if
the lava flow being modeled is, for example, 10 meters across and 5 meters thick.

As more sophisticated instruments become available for research, higher data quality will
follow. This will, in turn, help us to provide more accurate hazard assessments, to the
best of our ability.
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5. Future Work

Applications for the TanDEM-X data have enormous potential, well beyond the scope of
this study. The TDX DEMs can be used to map lava flows, or to make more sophisticated
volume calculations when coupled with other data sets. For example, we can look at
incoherent areas (areas of change, such as the emplacement of a lava flow) between SAR
acquisitions and create a mask of those areas. Then we can use the incoherence mask as
an indicator of the flow area, eliminating the need for a detailed map of the flow
boundary. We can also create a difference DEM over the period between SAR
acquisitions, and using that DEDM, calculate the volume within the incoherence mask
(i.e., the volume of the lava flow).

A more robust model is also needed to test different DEMs for an optimum resolution in
flow modeling. Once an appropriate model is chosen, more flow validation will also be
needed, using well-constrained lava flows such as the August 2011 flow. Experimenting
with different filters on the TDX data may also help to smooth the DEM noise and
improve the model results.
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