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1. INTRODUCTION

NASA’s Advanced Spaceborne Thermal Emission 
and Reflection Radiometer (ASTER) and Moder-
ate Resolution Imaging Spectrometer (MODIS) 
have been collecting data over Kilauea Volcano 
since early 2000, and a second MODIS instrument 
has been operating since mid-2002.  Here we 
present an overview of these data records, with a 
focus on the detection of SO2 emissions with 
thermal infrared (TIR) radiance measurements. 

Figure 1-1. (a) False-color composite of ASTER 
visible to near-IR (VNIR) data.  (b) False-color 
composite of ASTER TIR data following process-
ing with the De-correlation Stretch.  Variations in 
surface emissivity are represented as variations 
in display color. Surface temperatures are repre-
sented by the brightness of display colors.
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Figure 1-2. (a) Transmission spectrum  of SO2 superimposed on the 
ASTER TIR channels.  For the TIR composite (Fig. 1-1b), ASTER Channels 
13, 12, and 10 were displayed in red, green, and blue, respectively. This 
composition renders SO2 plumes in hues of yellow and orange.
(b)  SO2 transmission spectrum superimposed on a subset of the MODIS 
TIR channels. 
(c) SO2 transmission spectrum superimposed on the notional TIR chan-
nels of the upcoming Hyperspectral Infrared Imager (HyspIRI), which is 
scheduled for launch after 2020.  ASTER and MODIS are the heritage in-
struments for the HyspIRI TIR channels.  
(d) Water vapor transmission spectrum superimposed on the HyspIRI TIR 
channels.  The relatively transparent region between 8 - 12 µm becomes 
progressively more opaque with increasing humidity, presenting a chal-
lenge to TIR remote sensing in tropical environments. 

Figure 1-3. Comparison of the MODIS and HyspIRI channel positions to 
the transmission spectra of sand (quartz powder), ice crystals, sulfate 
aerosol, and silicate ash.  MODIS channels represented by blue, green, 
and red columns, HyspIRI channels represented by stippled columns.  
HyspIRI will provide higher spectral resolution over the spectral ranges 
covered by MODIS. 
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2. ASTER TIME SERIES

Examples of ASTER observations over Kilauea Volcano acquired between 2000 - 2012.  This time series shows the transition of the locus of gas emission from Puu Oo (Figs. 2a - g) to the summit of Kilauea (Figs. 2h - m) following the 
eruption of Halemaumau on 19 March 2008.  The strength of an SO2 signal in the TIR is a function of both species concentration and the contrast in the temperatures of the plume and underlying surface.  Further analysis of these data 
will incorporate estimations of SO2 concentration and comparison of these estimates with field measurements collected by the Hawaiian Volcano Observatory.

The 90-meter spatial resolution of ASTER affords high sensitivity to SO2 together with the ability to peer through openings between clouds.  ASTER can acquire four TIR observations of Kilauea (2 daytime + 2 night-time) in a 16-day 
cycle, but intervals of 10 - 30+ days between observations are more common due to constraints on ASTER operations.  The HyspIRI-TIR mission design includes 60-m spatial resolution, continuous operations, and a five-day (daytime) 
revisit cycle at the equator. 

     

3. MODIS SEQUENCES                                                                  

The combination of day- and night-time data from the two MODIS instruments provides daily coverage of Hawaii, and multiple observations in a single day are common (e.g.  Figs. 3d and e).  The sequence from 18 - 20 March 2008 (Figs. 
3a - c) brackets the initial Halemaumau eruption on 19 March 2008.  The sequence from 26 - 28 April 2008 (Figs. 3d - g) captures a period of high SO2 emission, and showcases the use of TIR data to detect SO2 plumes at night (Fig. 3f).  

The comparison of the ASTER and MODIS records demonstrates the trade-off between infrequent TIR observations with higher spatial resolution and frequent observations with lower spatial resolution.   The launch of the Suomi Na-
tional Polar-orbiting Partnership (NPP) mission on 28 October 2011 provides a new source of TIR observations:  the Visible Infrared Imaging Radiometer Suite (VIIRS) provides spatial resolution higher than that of MODIS TIR (750 m vs. 
1 km at nadir) with similar spectral and temporal resolution.  HyspIRI will provide unprecedented opportunities to observe gas emissions from Kilauea, with a combination of high spatial resolution (60 m) and at least two observations 
(1 day-time  + 1 night-time) of Hawaii over a 5-day revisit cycle. 
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