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Remote Sensing of Volcanic SO, Emission Rates

Mobile and scanning DOAS instruments measure the NOVAC Software
absorption of UV skylight by volcanic gases overhead. : '

Live data feed: @

https://novac-community.org/data/ cleve;i;ﬁa

Working together, the NOVAC community has developed, tested, and distributed a wide range

 Clevelans | of software for analyses of volcanic gas measurements. Links to the freely available software
) 2 ol : sl Lo g packages are listed on the NOVAC website at https://novac-community.org/software. Some of
P T R SO . A the available features are listed below.
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Either by passing across a volcanic plume or scanning the sky from a fixed location, the 0.003 | o
instruments determine the SO, burden in the plume cross-section. Multiplication with the wind _op e e e
speed yields the emission rate (e.g., in kg/s or tons/day). Ground-based measurements are g -0.003] |
about an order of magnitude more sensitive than satellite instruments and are thus more likely g ool The NOVAC Program performs real-time DOAS analyses
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to catch weak, precursory degassing in the lead up to volcanic unrest. ° on all collected spectra,.mtf%grates th? cross-sectional SO,
Ring cormection burdens, downloads wind information from the NOAA
NOVAC Instrumentation R " Global Forecast System, and calculates SO, emission rates.
0.01 \ -
NOVAC Scannlng DOAS lnStalled Scanner / / GPS VOIQanO —> OF W, Polynoml - o no plume e PGSSib|IE plume Poas — | o 12
: : ; 0.01} W, v o alimi .|
on Sinabung Volcano, Indonesia Mirror = = \&|" =
/ A Optical fiber 2 S 1000 -
Scanner o \¢ (\/ 0.002 | : ’ fo . B B
B Motor Lens ) € 50l o8 \ %::;-_:__% y ._a'_ ¥ 03 _
I ' \ 0.002 | Residual 1 3 T, g |\ YV 2
Radio antenna Quartz tube ' , | | | | N3 A , &5 S w 5B )
' = Several 310 315 320 395 330 335 340 10 Jun 22:35 12 Jun 22:35 14 Jun 22:35 16 Jun 22:35 20 Jun 22:35
meters Wave'ength [nm] Date/Time in 2025 [UTC] Data are provisional and subject to revisio
Instrument enclosure . . o
s | i PRI ATESS Example DOAS analysis of SO, = NOVAC Explorer allows plotting of near-real-time emission
R S di i o LENEEY- VO G Q) Embedded | | Radio || Motor rates from data uploaded to the global data repository.
' = » Linux telemetry || controller
computer ] :
Spectrometer Timer Spurr - 11 Jun 2025, 19:25-19:43 UTC <10

Schematic of 4% Generation NOVAC

‘Instru 61.305 | -
S [ g scanning DOAS instrument 3

- i PENRGS = - A 61.3 Mtsi”{r 15
The NOVAC scanning DOAS instruments are specifically designed to measure gas emission 3 4 l§
rates from volcanoes by measuring the absorption of skylight by gases in the plume. A scanner 561'295 e~ [, é
1s mounted on a mast and scans the sky from horizon to horizon 1in a conical geometry. The 5 L E
collected light 1s coupled into an optical fiber and sent down the mast to a moderate resolution ' )
UV spectrometer (e.g., Avantes AvaSpec-Mini, Ocean Optics Maya Pro, or similar). An 61.285
embedded Linux computer runs the measurements and stores the spectra on board. A GPS T ®
receiver provides accurate time stamps. A timer can be used to switch off the mstrument at o QG 5228 5226 5228 5222 sz
night. The instruments can run autonomously but are typically connected to the volcano | Mobile DOAS is used to acquire data from Longitude [deg]
observatory by radio or cellular telemetry. The instruments are designed to withstand harsh | moving platforms such as vehicles and aircraft. mD.OAS proyldes t001§ for spectral and
environmental conditions, including snow, rime ice, and ash fall. | Real time analysis and display allows users to spatial analysis of mobile DOAS data as

Three NOVAC scanners were installed 6 km well as data mapping and visualization.

east of Sinabung Volcano, Indonesia in 2016.
Scanners can be installed at any distance, but ____
more distal instruments only cover a narrow
range of wind directions. Installing multiple
scanners allows the plume distance d to be
triangulated, which is required for
calculation of the SO, emission rate ¢:

adapt their measurements on the fly.

Inside each scanning DOAS
instrument, data acquisition 1s
performed autonomously by an
embedded Linux computer.
The ‘kongo’ software drives
the scanner motor and saves

spectra on-board, tagging each
with GPS time.

Volcanic Cloud
Viewer allows

tomographic
reconstruction of
plumes when they
are observed by
more than one

scanning DOAS.
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b=X-v=v- f S(a)-d - cos(B) da The wind speed v mst be obtained from an
plume independent source or meteorological model.




