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Abstract

Up-to-date, accurate topographic data are a crucial resource for volcanic research and risk mitigation efforts, in particular, for modeling

volcanic flow processes at a detailed spatial resolution. In this paper, we examine the utility of the Advanced Spaceborne Thermal Emission

and Reflection Radiometer (ASTER) instrument currently operating on the NASATerra satellite, which provides near infrared (VNIR) stereo

imaging from which topography can be derived. We wrote software to generate digital elevation models (DEMs) from the ASTER level 1A

product, which employs an automated stereo matching technique to calculate the parallax offsets between the images acquired by the nadir-

and aft-looking sensors. Comparison of ASTER DEMs with DEMs derived from other sources (digitized 1:50 K topographic maps and aerial

interferometric radar) at Ruapehu volcano reveal an RMS error of about 10 m for the ASTER DEM, in the absence of significant atmospheric

water vapor. A qualitative assessment of surface features showed that the ASTER DEM is superior to the interpolated 1:50 K map product

but falls short of the detail provided by aerial interferometric radar, especially in terms of stream channel preservation. A second ASTER

DEM was generated for Taranaki volcano, where previously only 1:50 K topographic map data were available. Although the 2000 Space

Shuttle radar topography mission (SRTM) will largely remedy the previous global paucity of adequate topographic data at volcanoes, such as

Taranaki, we anticipate the problem that at active volcanoes, the topography may change significantly following activity, rendering the

SRTM data inaccurate. With the high temporal coverage of the dataset, ASTER not only provides a means to update significant (>10 m)

topographic measurements at active volcanoes via a time-series of DEMs, but also provides a simultaneous means to map surface cover and

localized land-use via the near infrared sensors. Thus we demonstrate the potential for up-to-date volcanic economic risk assessment using

geographic information systems (GIS) analysis.

D 2004 Elsevier Inc. All rights reserved.
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1. Introduction

A large proportion of volcanic research and risk mitiga-

tion is underpinned by the availability of reliable topograph-

ic data. For example, state-of-the-art methods to delineate

areas at risk at active volcanoes include the use of computer

models that simulate the path of volcanic flows over digital

representations of the local topography, or digital elevation

models (DEMs) (e.g. Ishihara et al., 1990; Schilling, 1998).

The reliability of such studies are aided or hindered by the

resolution and quality of the DEM available (Stevens et al.,

2002), and also on whether the data are up-to-date, a

particular concern at active volcanoes, where significant

terrain alteration accompanies many eruptions.
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Taranaki (also known as Mount Egmont), an active

stratovolcano located on the North Island of New Zealand,

is a case in point (Fig. 1). Its eruptive history shows that it

represents a real future risk to the infrastructure that has

been built on its flanks (e.g. Palmer et al., 1991). Obviously,

risk delineation by flow modeling would be of benefit here.

However, we have shown previously that the errors in

DEMs can limit the plausibility of computer models delin-

eating volcanic risk, in terms of updating topographic

change and in terms of data quality (Stevens et al., 2002).

Prior to this study, the available topographic data covering

the Taranaki area were not adequately detailed for this

purpose.

The ASTER sensor on the NASATerra satellite is a high-

resolution instrument that provides a near-infrared stereo

imaging capability with a spatial resolution of 15 m, and a

swath width of 60 km (Abrams, 2000). TERRA has a 16-

day repeat interval, and ASTER has an 8% duty cycle, so at



Fig. 1. Map of the North Island of New Zealand, showing locations of

Taranaki and Ruapehu volcanoes.
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least one or two stereo pairs over any given site are obtained

each year, although nominally, the orbital configuration

should allow an acquisition approximately every 44 days,

scheduling permitting. DEMs produced from ASTER are a

standard product provided by the United States Geological

Survey (USGS) EROS Data Center (Welch et al., 1998).

Understandably, the ordering process, especially for an

absolute DEM, is not trivial and the delivery time may be

many weeks. To speed up access to the data following major

topographic change, when updates are needed as quickly as

possible, we have developed our own software and capa-

bility to do the automated matching and data processing

directly from ASTER stereo images. The quality of the

ASTER-derived DEM data is assessed here qualitatively

and quantitatively, in particular by comparison with even

higher resolution topographic data from an airborne inter-

ferometric radar survey of Ruapehu volcano (Fig. 1), which

was obtained in 1996 and 2000 during the NASA PACRIM

missions (Stevens et al., 2002).

ASTER data are advantageous because the stereo pair is

obtained on the same track, and because the necessary

information for deriving topography is provided simulta-

neously with spectral bands suitable for generating up-to-

date land cover maps, using standard image classification

techniques. This is an important observational capability,

especially at active volcanoes where land surface cover is

apt to change as often, or more often, than the topography.

In New Zealand, 20th century volcanic activity has already

caused significant economic loss (Johnston et al., 2000). If a

time-series of cloud-free ASTER data could be obtained, it

would provide a powerful observational tool before, during
and after significant volcanic topographic and surface

change. We thus discuss the applications of the data,

including a new, efficient and low-cost methodology to

calculate potential economic loss in eastern Taranaki due

to major debris avalanching, and consider the relative merits

of ASTER DEMs versus the recently released Shuttle radar

topography mission (SRTM) topographic dataset.
2. Geological background

2.1. Taranaki (Mt. Egmont)

Taranaki volcano is located on the western coast of the

North Island of New Zealand (Fig. 1), 180 km above the

subducting Pacific plate (Adams & Ware, 1977). It last

erupted around 1655 AD (Neall et al., 1986). Taranaki has a

steep-sided (typically f 30j slope on the upper flanks),

reasonably symmetrical conical morphology, and is sur-

rounded by a ring plain of reworked deposits. The summit

elevation is 2500 m above sea level. The cone is thought to

be less than 10,000 years in age, with magma ranging in

composition from basaltic andesite to andesite (Neall et al.,

1986). Field investigations show periodic major sector

collapse (Palmer & Neall, 1991), as well as a history of

debris avalanches, lava and pyroclastic flows, tephra depo-

sition and lahars, occurring at a range of scales (Alloway et

al., 1995; Neall & Alloway, 1993; Neall et al., 1986). The

region has a population of just under 103,000 (2001 census),

distributed in towns and rurally, and the largest events

impacted areas tens of kilometers from the summit (Palmer

et al., 1991). Agricultural land use predominates, and the

area is also a major centre of on-shore and off shore natural

gas and oil extraction in New Zealand.

At the time of writing, the only available topographic

data set covering the Taranaki area was the 1:50,000

digitized map contours from the national map series (Land

Information New Zealand (LINZ), 1999). Although the

LINZ 1:50,000 contours have a root mean square (r.m.s.)

vertical accuracy of f 8 m (LINZ, 2000; Shearer, 1990),

the interpolation between 1:50,000 contours to produce a

DEM introduces additional significant errors, especially

where contours are spaced widely and are sinuous (Rob-

inson, 1994). Barringer and Lilburne (1997) calculate an

r.m.s. vertical accuracy of 8 m for DEMs derived from LINZ

data, but Shearer (1990) shows that an additional F 2.89 m

error results from producing DEMs from 1:50,000 scale

maps. Thus, the vertical accuracy of the LINZ DEM data is

likely to be nearer to f 10 m r.m.s. Data will also be

available in the near future from the Shuttle Radar Topog-

raphy Mission (SRTM), and these are a vast improvement

over the 1:50 K data (Stevens et al., 2002). SRTM data are

currently being released outside of the US at a spatial

resolution of 90 and f 8 m vertical resolution only,

although a 30 m spatial resolution is possible (Werner,

2001).



Fig. 2. Schematic diagram of Terra and the ASTER NVIR stereo imaging

capability. The target is imaged initially by the nadir sensor, and then again

by the aft sensor f 1 min later, creating the stereo effect from which

topography can be measured.
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2.2. Ruapehu

Ruapehu is a composite volcano surrounded by a radial

ring-plain (e.g. Hackett & Houghton, 1989), which last

erupted in 1995–1996 (Bryan & Sherburn, 1999), and is

located in the central North Island of New Zealand (Fig. 1).

The summit area (elevation 2797 m a.s.l.) supports a

number of perennial snowfields and glaciers while the active

crater hosts a hot acidic lake (Christenson & Wood, 1993),

making the generation of lahars a particular feature of

volcanic activity at Ruapehu. Field evidence also shows a

history that includes at least one debris avalanche deposit, as

well as widespread tephra and lava deposition (Palmer &

Neall, 1989).

Ruapehu is covered by two sets of digital topographic

data obtained by different mapping and data processing

methods, at different levels of accuracy. First, as for Tar-

anaki, a DEM has been derived from the national 1:50,000

map contours (Land Information New Zealand (LINZ),

1987, 1996a,b, 1997, 1998). Second, the topography was

mapped in November 1996 and August 2000 by the NASA

TOPSAR interferometric synthetic aperture radar system,

which was carried onboard a DC-8 aircraft. The latter DEM

has a superior accuracy, which we describe later, but is

limited in spatial extent, being obtained in 10 km swaths.
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3. Data acquisition

The Terra satellite was launched in 1999 as part of the

NASA Earth Observation System (EOS) program (Abrams,

2000), and orbits at an altitude of 705 km with a repeat-pass

interval of 16 days. The ASTER visible near-infrared

(VNIR) instrument on-board Terra provides an along-track

stereo imaging capability from nadir- and aft-looking sen-

sors, at a spatial resolution of 15 m in the case of bands 1, 2

and 3N (Table 1). Successive images of the same area on the

surface of the Earth are acquired by each sensor along track

from their differing viewing angles, generating the stereo

effect from which topographic measurements can be derived

(Fig. 2).

In this respect, ASTER along-track stereo mapping has

an advantage over other orbital imaging techniques, such

as SPOT stereogrammetry (Toutin & Cheng, 2002; Zomer
Table 1

ASTER NVIR bands

Band Wavelength (Am)

Nadir

1 0.52–0.60 (green)

2 0.63–0.69 (red)

3N 0.78–0.86 (NIR)

Aft

3B 0.78–0.86 (NIR)
et al., 2002), and ERS radar interferometry (e.g. Zebker et

al., 1994), both of which rely on repeat, cross-track

acquisitions on subsequent orbits to provide stereo pairs.

Changes in climatic conditions between data acquisitions

can be troublesome, causing decorrelation between image

pairs, a suitable orbital geometry may not be available, and

co-eruptive surface change between repeat-pass acquisi-

tions is not uncommon in volcanic terrain (e.g. Wadge et

al., 2002). In the case of ERS radar interferometry for

topographic mapping, the data are particularly sensitive to

decorrelation caused by surface vegetation and moisture

changes. ASTER image pairs are taken about a minute

apart, and surface change between acquisitions is therefore

unlikely. Still, clouds and cloud shadows may cause

decorrelation between the two acquisitions, which will

result in a poor match at those locations affected or nearby.

ASTER is also best suited for areas with clear geomorphic

and or albedo differences, which aid the stereo-matching

algorithm.
4. ASTER topographic mapping methodology

A relatively cloud-free ASTER acquisition of Taranaki

was obtained on November 25th, 2000 (Fig. 3a), coinciding

with Southern Hemisphere summer when snow cover on the

mountain is at a minimum, and relatively cloud-free data of

Ruapehu were obtained on January 12th 2001.

For each scene, the nadir and aft images were first

compared manually to determine the relative offset between

each pixel corresponding to the same position on the surface

of the Earth. The offset in the images is almost fully

manifest in the along-track direction, and there is a wide

range of offsets within a single ASTER acquisition. In

practice, for example, if there is a variation in elevation of

2000 m across the scene, an ocean coastline (altitude 0 m

a.s.l.) pixel would exhibit zero along-track offset between

the aft and nadir images, whereas a 2000 m peak would be

offset by f 80 scan lines.



Fig. 3. (a) False color composite derived from bands 1, 2 and 3N of the ASTER nadir image of south eastern Taranaki, draped over the DEM derived from the

ASTER stereo pair. (b) Shaded relief image of ASTER DEM of Ruapehu.
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We take an iterative, four-step approach for our matching

method. We first calculate a rough offset between the nadir

and aft views (bands 3N and 3B) for each pixel, and then

refine and fine-tune the offset. This is achieved by selecting

tie-points common in both images, generating a polynomial

(usually of degree 1) to relate nadir coordinates to aft

coordinates, and resample the aft scene in nadir space based

on this polynomial. A frequency domain cross-correlation is

then used to estimate the offset between images at each pixel

using a roving kernel, or window of pixels, starting with a

kernel of 16� 16 pixels. The cross-correlation (Corr) of a

kernel in the nadir (n) and the aft (a) is given by the relation:

Corrðn;aÞ ¼ IFFTðNA*Þ; ð1Þ
where N and A are the two-dimensional Fourier transforms

of n and a, * represents the complex conjugate of the

transform, and IFFT is the inverse Fourier Transform. The

maximum value in the resulting Corr(n,a) array is the

maximum correlation, and the location within the array

provides the offset between aft and nadir images at the

kernel location. The kernel size is then decreased succes-

sively to 8� 16 pixels, 8� 8, and 4� 8. Each time the

kernel size is reduced, the offset is updated by combining

the offset and the lag from the new correlation. Inspection of

the offset array reveals a significant number of spikes or

high frequency noise, which is reduced using a median filter

(which preserves correlation peaks). After the 8� 8 kernel

stage, the final offset is an integer value. In the final



Fig. 4. Histogram plots of estimated pixel correlation for land cover types at Taranaki volcano. Further explanation is provided in the text.
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operation, the kernel size is reduced to 4 samples by 8 lines,

and a polynomial interpolation on the resulting correlation

matrix provides a fractional value for the lag position. This

is the final match position.

The relative height (DH) of a feature on the landscape is

then derived by the relationship:

DH ¼ DX=tan/; ð2Þ

where DX is the parallax, or final match offset, and / is the

intersection angle. As the image matching method uses a

‘‘kernel’’ operation, the exact parallax at any point is not

calculated, but instead an average parallax for the kernel is

derived, and the resulting calculated values of height are

essentially smoothed.1 The resulting ASTER DEMs of

Taranaki and Ruapehu (Fig. 3) were georeferenced initially
1 Further queries about the ASTER stereo matching software should be

sent to Harold Garbeil, harold@higp.hawaii.edu.
to geographic map coordinates using the supplied ASTER

header data, and then refined using known survey trig points

identifiable in the false color composite imagery derived

from bands 1, 2 and 3N of the nadir image. Comparison of

the ASTER DEMs with LINZ digitized data and with

surface features in the georeferenced TOPSAR DEMs

indicates that the ASTER data are georeferenced to within

subpixel accuracy ( < 15 m) by this method. The trig points

were also used to refine the vertical scaling of the ASTER

DEMs interactively, as well as using the assumption that the

coastline has zero elevation, in the case of the DEM of

Taranaki.
5. ASTER DEM quality assessment

Once georeferenced accurately, the quality of the ASTER

DEM data will be affected by a number of factors, includ-

ing: (1) the presence of cloud in the data, (2) processing
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artifacts, (3) the variation in relief across the scene, and, (4)

spectral contrast across the kernel used during correlation

calculation. Areas covered by cloud are essentially obscured

in the visible and near-infrared wavelengths, resulting in

gaps in the data. Processing artifacts, such as striping, are

mentioned here for completeness as the data in this study are

not affected strongly by this problem, but in our experience,

some scenes are affected more severely than others. We use

a cubic convolution approach, rather than a nearest neighbor

algorithm at the initial aft to nadir coarse coregistration

stage to reduce striping.

The effects of relief variation and the spectral contrast are

not as straightforward to quantify. We note qualitatively here

that surface relief is an issue. If a feature in the nadir image

looks very different in the aft image due to the effect of

parallax, then a good stereo match will be difficult to obtain.

Spectral contrast is an issue because in relatively homoge-

neous regions of spectral reflectance, there are few or no

features to match from one scene to the other, as is

demonstrated by the correlation distributions in Fig. 4 for

land cover types over the ASTER-derived Taranaki DEM.

Areas in relief, shadow or with excessively high and low

albedo (e.g. snow, salt lakes, some types of forest) may also

become problematic during the stereo matching process.

The correlation in Fig. 4 has a different meaning here

than in many other image comparisons; in this case, it is a

measure of how well the offsets are determined in the

ASTER stereo pair. Areas of low correlation are due to

temporal decorrelation and to failed cross-correlation deter-

mination. Lower relief areas with a reasonable amount of

spatial heterogeneity between neighboring pixels should

yield the highest correlation. The land cover types were

derived from bands 1, 2 and 3N of the nadir image, using
Fig. 5. Shaded relief images of the DEMs of northern Ruapehu volcano derived

(centre), and the airborne interferometric radar, TOPSAR (lower). Profiles a–aV a
standard unsupervised classification techniques (e.g. Lille-

sand & Kiefer, 1994).

Fig. 4 confirms that open water, an inherently unstable

surface, has the lowest correlation statistically. In contrast,

agricultural and urban (bare) areas, which have the highest

spatial variability, have the highest modal levels of correla-

tion. (It is worth noting that in countries with larger fields

than is typical in New Zealand, and hence a lower density of

field boundaries, the mean correlation over agricultural land

may be much lower.) Indigenous vegetation along rivers has

a fairly high overall correlation, whereas native forest is

spectrally homogeneous but relatively unchanging between

ASTER stereo image acquisitions, and has an intermediate

spread of correlation values.

To test the quality of the ASTER DEMs, we looked to

Ruapehu volcano (Fig. 1). Unlike Taranaki, other topo-

graphic data at a superior accuracy to ASTER DEM data

were already available for Ruapehu volcano, because the

area was mapped in 1996 and 2000 by airborne interfero-

metric radar, using the NASA TOPSAR system (e.g. Ste-

vens et al., 2002). The TOPSAR DEMs are processed to a 5

m spatial resolution, and have 1–3 m vertical accuracy,

depending on the relief (Madsen et al., 1995). This provided

an opportunity for the direct comparison between the TOP-

SAR interferometric DEMs and the ASTER data. We used a

TOPSAR swath spanning northern Ruapehu, which was

chosen for the variety of slopes and land surface types

included in the single swath (Fig. 5). The TOPSAR and

ASTER DEMs were georeferenced, and their elevation fine-

tuned using tie-points (in the absence of other, field-mea-

sured tie-points) from the LINZ DEM, which is estimated to

be accurate to within 10 m vertically, as discussed earlier

(Shearer, 1990). Points were chosen with random locations
from the LINZ 1:50K contour maps (upper), from the ASTER stereo pair

nd b–bV are plotted in Fig. 6 for all three DEMs.
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for each swath, (60 points for the ASTER data, 202 points

for the TOPSAR data), 2-D polynomial surfaces generated

from the tie points, representing the difference between the

LINZ and TOPSAR DEMs, and the LINZ and ASTER

DEMs. The respective difference surfaces were then sub-

tracted from the respective TOPSAR and ASTER files to

produce height-corrected DEMs.

Once height-corrected to the LINZ dataset, the ASTER

and TOPSAR DEMs were then subtracted from one another

to examine the elevation variability in the ASTER relative to

the more accurate TOPSAR data. This is also a measure of

the feature preservation. The r.m.s. error of the ASTER

DEM relative to the TOPSAR DEM, is then given by:

RMSe ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiX

v2=n
q

; ð3Þ

where v is the height difference, and n is the number of data

points, or in this case, pixels (e.g. Shearer, 1990). Excluding

differences between the DEMs greater than 100 m, which
Fig. 6. Profiles of elevation from the DEMs in Fig. 5. (a) Prof
corresponded to areas covered by cloud in the ASTER data,

the histogram of height differences has a normal distribu-

tion, centered on zero, indicating that the DEMs are not

tilted or displaced significantly relative to one another

(Stevens et al., 1999), indicating that the co-warping to

the LINZ DEM was identical for both, and that the com-

parison is valid. Eq. (3) thus gives an overall estimate of

RMSe of the ASTER DEM relative to the TOPSAR data of

15.5 m. As the TOPSAR data are estimated to have RMS

vertical accuracy of 1–3 m (Madsen et al., 1995), this result

is reasonably consistent with published estimates of RMSe

for ASTER DEMs (e.g. Hirano et al., 2003; Kääb, 2002;

Toutin & Cheng, 2002), and we will come back to this issue

in more detail later in this section.

We next examined the preservation of surface features

with respect to volcanic flow modeling, because surface

roughness and the location and orientation of surface

features will to a certain extent govern the speed and

direction of flow across a surface, depending on the volume
ile a–aV; (b) profile b–bV. For full explanation see text.
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and momentum of flowing material (e.g. Loughlin et al.,

2002). Conversely, from a modeling point of view, artifacts

in a DEM, such as smoothing of features, or inclusion of

‘‘flat spots’’ generated during interpolation of sinuous

widely spaced contours (Robinson, 1994), will affect the

output of volcanic flow simulations (Stevens et al., 2002),

so surface feature preservation is important.

The ASTER DEM is an intermediate product between

the LINZ and TOPSAR data in terms of feature preservation

(Fig. 5). Some of the large stream channels that are not

preserved in the LINZ DEM are present in the ASTER

DEM. Preservation of the fine-resolution surface detail is

examined more closely in profiles a–aV and b–bV (Fig. 6).
Profile a–aV shows a strong correlation between undulations

in the surface in ASTER and TOPSAR: the Raurimu Fault is

represented well by all three DEMs, but smaller features,

such as the road and railway surface are preserved in the

ASTER and TOPSAR data only.

Conversely, profile b–bV, which was taken across a

number of particularly shallow stream channels that are

absent in the LINZ DEM (Fig. 5), shows a less consistent

match between ASTER and TOPSAR (Fig. 6). The ASTER

data in profile b–bV also seem to have spikes that survive

the median filtering. Recalculating the relative RMSe be-

tween ASTER and TOPSAR along these profiles gives 6.6

m for profile a–aV, and 19.7 for profile b–bV. It is highly

probable that the presence of cloud and atmospheric water

vapor on the eastern side of the volcano is detrimental to the

ASTER measurements, although the presence of clouds is

not evident in bands 1, 2 and 3N. As the RMSe of the

TOPSAR DEM is 1–3 m (Madsen et al., 1995), we estimate

the absolute RMSe of our Ruapehu ASTER DEM in the

absence of cloud noise to be f 10 m, which is reasonably

consistent with other published estimates (e.g. Hirano et al.,

2003; Kääb, 2002; Toutin & Cheng, 2002). The RMSe of

other profiles in the vicinity of profile a–aV is also f 10 m.

Although the ASTER vertical accuracy is similar to that of

the LINZ 1:50 K contour data (Barringer & Lilburne, 1997),

the ASTER DEM is a significant improvement in areas

between the map contours, where surface features are not

preserved during contour interpolation.
6. Discussion

At the time of writing, the ASTER stereo capability is

somewhat overshadowed by the impending release of the

global Shuttle radar topography mission (SRTM) dataset,

and as SRTM covers the most of the Earth’s landmass (near

complete coverage between latitudes 60j north and south),

and is not affected by cloud cover or volcanic plume, one

might ask: why bother with ASTER stereo capabilities?

ASTER data have three major advantages over the global

SRTM data, which are to be released outside of the US at a

90 m spatial resolution. Firstly, as we have already men-

tioned, ASTER images include multiple bands spanning the
visible to near-infrared range (Table 1), as well as short

wave and thermal infrared instruments, which allows land

surface cover types to be delineated, as well as fluctuations

in volcanic thermal flux to be monitored from night-time

images (e.g. Wright et al., 1999). This is not possible with

the radars used during the SRTM mission. Secondly, al-

though the ASTER DEM is derived via a kernel method, in

the absence of atmospheric contamination, it has a higher

resolution and more detailed feature preservation than is

possible at a 90 m pixel resolution. Thirdly, the SRTM was a

one-off mission, a once-only period of acquisition in Feb-

ruary 2000, and there are no plans to fly the instrument

again. Since 2000, the SRTM dataset has already become

out-of-date at volcanoes where eruptive activity has signif-

icantly altered the terrain. For example, in 2000 alone, the

topography at the following volcanoes changed significantly

enough to outdate the SRTM data: Etna in Sicily, Soputa

and Merapi in Indonesia, Usu and Miyake-jima, Japan,

Arenal in Costa Rica, Santa Maria in Guatemala, Guagua

Pichincha, Altar and Tungurahua in Ecuador, and Copahue,

Argentina (Smithsonian Bulletins, 2000). The Terra ASTER

instrument is still orbiting, and while SRTM is certainly

impressive in terms of global coverage, the ASTER instru-

ment still has an active role in producing up-to-date DEMs

at volcanoes provided that the amount of topographic

change exceeds the vertical accuracy of the ASTER DEM

data (i.e. a few tens of meters or more).

The combined multispectral and stereo capability of the

Terra ASTER instrument has a further advantage, apart from

the repeatability of measurements. Although the idea of

combining multispectral and DEM data at volcanoes is by

no means a new one (e.g. Pieri et al., 1990; Wright et al.,

2000), ASTER is unique in that the two types of data are

provided simultaneously by the same instrument, which

speeds up image processing because the data georeferenc-

ing, a somewhat time-consuming operation, needs only be

attended to once. ASTER data also have the advantage of

low cost, public availability, and unlike digitized topograph-

ic maps, they have no contour interpolation errors (Robin-

son, 1994; Stevens et al., 2002). This renders the data ideal

for numerous applications, and lastly, we discuss the via-

bility of a few of these here.

Firstly, the ability of perform repeat topographic mapping

at volcanoes is important for measuring average rates of

mass and volume transport accurately (Stevens et al., 1999),

for both additive and subtractive processes, e.g. lava em-

placement and sector collapse. However, is the vertical

accuracy of ASTER DEMs adequate for this purpose?

Certainly, we note that the use of ASTER DEMs will only

be helpful for eruptions producing significantly thick depos-

its, such as superposed lava flow fields (e.g. Stevens et al.,

1999), or lava domes (e.g. Watts et al., 2002). On the other

hand, although the vertical accuracy of the ASTER DEMs is

not sufficient for confident measurement of, for instance,

individual basalt lava flows whose thicknesses are of the

order of 5–20 m, the aerial extent of thin deposits and
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surface changes could also easily be detected using the

accompanying optical data. Besides, whereas repeat topo-

graphic mapping is needed for realistic, accurate measure-

ments in thick and superposed deposits, it is perfectly

feasible to estimate the volume of thin deposits to a high

accuracy from measurements of areal extent only.

The ASTER data are also especially ideal for strategic

volcanic economic risk delineation, and we discuss aspects

of this briefly here. With the advent, and increasing use of,

computerized volcanic flow models in the last decade (e.g.

Ishihara et al., 1990; Schilling, 1998), there has been an

increasing demand for accurate, up-to-date DEMs. The

SRTM data fill this gap, as prior to this mission, many of

the world’s volcanoes were mapped poorly, to 1:100,000 or

more coarsely, and as long as ASTER is still orbiting and

functioning, it provides the means to obtain sufficiently

accurate and detailed DEMs for updates that will be needed

sporadically at active volcanoes.

The additional advantage of the contemporaneous optical

data to complement the DEMs and update the associated

changes in land surface cover following eruptions remains

to be explored fully. For example, the ASTER combined

multispectral and DEM data would allow flow models to be

developed that take into account the frictional properties of

the surface over which they flow, taken from up-to-date

standard land cover classifications from the ASTER bands

1, 2 and 3. There is also the potential to use the combined

flow modeling and land surface cover data to examine the

risk of secondary hazard from fire spread (Mohammadi et

al., 1994; D. Heron, personal communication, 2001) after

hot volcanic products are deposited, as well as the seasonal

variance of this risk for different land cover types. At

Taranaki, the economic risk in terms of damage to agricul-

tural land and local gas and oil refinery and pipeline

structures could be rapidly calculated using standard geo-

graphical information systems (GIS) techniques, allowing

the human and economic impact of a debris avalanche to be

estimated, for example, for insurance or local governmental

planning purposes. Although we do not pursue it here, a

more detailed investigation of the vulnerability of the

Taranaki region using ASTER data will be conducted in

future (K. Finnis, personal communication, 2003).

The problems we anticipate with ASTER are: (1) obtain-

ing data that are plume-free during an eruption, (2) obtain-

ing cloud-free data in countries with temperate climates,

such as New Zealand, and (3) the difficulty of obtaining

accurate measurements in areas covered in dense forest—in

terms of low albedo, low spatial variability, and of mapping

the surface canopy, rather than the forest floor. The temporal

resolution of repeat acquisitions is also an issue: this is not

adequate to guarantee the imaging of the most rapid

transient events during a volcanic eruption, and as such,

ASTER data are not optimal for operational use. However,

the benefits derived from the availability of ASTER data

outweigh the problems, and many useful applications re-

main viable.
7. Conclusion

We have developed semi-automated software to derive

topographic data from ASTER VNIR stereo pairs, and have

investigated the quality of the resulting DEMs at two of

New Zealand’s active volcanoes, in terms of surface feature

preservation and vertical accuracy. The potential of ASTER

data has been somewhat overshadowed by the impending

release of the SRTM dataset. However, the data acquired by

the on-going ASTER mission remain highly valuable to the

volcanology community, and elsewhere, and their value

should not be overlooked.
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