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Hyperspectral and Infrared Imager 
(HyspIRI) Mission

 Defined by 2007 NRC Decadal Survey
 Currently Under Study
 Tentative Launch in 2023
 Potential Contributions to Montoring Volcanic Impact 

on Air Quality in Hawaii
• Monitoring SO2 Emissions with Day/Night Thermal 

Infrared (TIR) Observations, at 60-m Resolution, 
Every 5 Days

• Monitoring Dispersion of SO4 Aerosols with 
Daytime Visible and Shortwave IR (VSWIR) 
Observations, Every 16 Days    

• Improve the Initialization and Validation of Vog
Forecasts 



HyspIRI Preparatory Science
Airborne Campaign

MODIS/ASTER Airborne
Simulator (MASTER) TIR 
Observations to Map SO2
Emissions at Summit of 
Kilauea

AVIRIS VSWIR 
Observations to Map 
Changes in Optical 
Depth Related to SO4
Aerosols

Input Data products into 
the UH VMAP Vog Model 
and Evaluate Impact on 
Forecasting Skill Photo Courtesy of Stu Broce



Kīlauea Annual SO2 Emissions:
Summit vs. East Rift Degassing
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• Minimize public 
exposure to PM2.5

• Hourly spikes at 
Pahala and Kona 
Station exceed the 
24-hr Standard of 
35 µg/m3

• Kona Station 
exceeded Annual 
Standard of 12 
µg/m3 in 2011 and 
2012 (200 “Flagged” 
days in 2012)

Pahala

Ocean View

Kona Station

(a)
(b)

(c)

19 March 2015: PM2.5

Hawaii Department of Health (DOH) 
Network of Air Quality Stations



USGS-Hawaii Volcano Observatory Gas 
Geochemistry Network

• Comprehensive Network of Direct-Sampling 
Ground Stations, UV Spectrometer Array, and 
Vehicle-Based Spectrometer Surveys

• SO2 Emission Measurements Used to Initialize the 
Univ. Hawaii Vog Model 



• Initialized by HVO 
measurements of 
SO2 emission rate

• Prediction skill 
(training) via 
comparison with 
DOH stations

• Fine resolution of 
model domain (1 km 
grid spacing) + 
sparse DOH network 
= most of the forecast 
field cannot be 
validated

UH VMAP Project: Hourly Forecasts of PM2.5



SO2 retrievals at 
fine spatial 
resolution (90 m) 
provide important 
input parameters for 
vog model

• 2-D maps of SO2 
source is superior 
to line source model

• Longitudinal profiles 
record the chemical 
evolution of plume -
constrain SO2 loss 
rates

• Spatial resolution of 
MODIS (1 km) and 
VIIRS (750 m) TIR 
data  are finer than 
Vog Model grid 
spacing (1 km)

Plume Tracker Analysis of ASTER TIR Data



Golden Day: 2017-01-27
View of the Plume from Jagger 
Overlook (HVO) – Inclinometer 

Measurement will be used to 
Estimate Plume Height



Field Measurements

FLYSPEC: UV Measurement 
of SO2 Column (g/m2)

MicroTOPS: V-SWIR 
Measurement of 
Aerosol Optical Depth 
(AOD)



Field Measurements

Portable FLYSPEC: UV 
Measurement of SO2
Column (g/m2)

MicroTOPS: 
V-SWIR 
Measurement 
of Aerosol 
Optical Depth 
(AOD)

Portable FLYSPEC with 
Scanning Periscope: 
Vertical Profiles of SO2
Column (g/m2) 



Field Measurements

Radiosonde-based profiles of atmospheric 
temperature, pressure, and humidity (+ wind 
direction and wind speed)



2017-01-27
20:54-21:01 UTC

True-Color 
Composite

TIR 
Composite

MASTER



2017-01-27
2054-2101 UTC



ASTER

TIR Composite
VNIR Composite

2017-01-27
20:59 UTC



ASTER BTD
2017-01-27



Brightness Temperature 
Difference (BTD) Time Series

(a) True-Color composite of visible 
(RGB) data. MASTER data from 
2017-02-21, collected between 
20:18 - 20:29 UTC.

(b) False-Color composite of TIR data. 
SO2 plume appears in yellow.

(c) Brightness Temperature Difference 
(BTD), calculated as difference 
between the BT in Channel 43 (8.7 
µm) and the maximum BT over all 
of the MASTER TIR channels.

(d) BTD Values between 2017-01-19 
and 2017-02-23, corresponding to 
the sample location marked by the 
white circle in Panels a – c. The 
decrease in (absolute) BTD for this 
location suggests a decrease in 
the concentration of SO2 in the 
plume over this time interval. 



Overlap Between Surface Emissivity 
and SO2 Absorption

(a) False-color composite of ASTER VNIR data. 

(b) False-color composite of TIR data designed 
to detect SO2 absorption. SO2 plume 
appears in yellow.

(c) False-color composite of TIR data designed 
to accentuate emissivity variations within phh
flows. The variations in emissivity subdue the 
SO2 absorption. 



18 km

(c) 0             2
Misfit

(a) “Conventional” BTD (b) BTD Following 
Correction for 

Emissivity

(c) Misfit Resulting 
from Surface Temp. 

Retrieval



Thank You for 
Your Attention.
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