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Summary
The Network for Observation of Volcanic and Atmospheric Change (NOVAC) is a global community of
volcano observatories and research institutions that all use the same scanning Differential Optical
Absorption Spectrometers (scanning DOAS) to monitor volcanic gas emissions and study the volcanic
processes associated with volatile degassing. One of the goals of NOVAC is to disseminate
instrumentation, background knowledge, and experience in monitoring and data interpretation for the
benefit of all partners. In this context, the 6th NOVAC workshop was held in Arequipa and Chivay, Peru
from 22 to 29 April, 2018. At the workshop, 42 participants from 20 countries gathered to discuss their
experience monitoring volcanic degassing using passive scanning DOAS. The workshop was co-organized
by Christoph Kern of the USGS Volcano Disaster Assistance Program (VDAP) and Pablo Masias and Fredy
Apaza of the Peruvian Instituto Geológico, Minero y Metalurgico (INGEMMET-OVI).

Workshop participants
The meeting was attended by 42 participants from 20 countries including Peru, United States, Argentina,
Chile, Colombia, Costa Rica, Ecuador, El Salvador, Germany, Guatemala, Iceland, Indonesia, Mexico, New
Zealand, Nicaragua, Papua New Guinea, Philippines, Singapore, Sweden, and United Kingdom; gathered
to discuss their experience monitoring volcanic degassing using passive scanning DOAS. 27 of these
participants were sponsored by VDAP to attend the meeting. The remaining 15 were supported by their
respective institutions. Of the 42 participants, 14 were female and 28 were male. However, 4 out of 6
representatives selected to fill positions in the new Steering Committee and Working Groups were female
(see Organizational Structure below). This was the first NOVAC workshop attended by scientists from
Iceland and New Zealand. Longstanding observatory partners from INGV (Italy) and IGP (France) were not
present at the meeting. Both expressed interest but could not attend due to lack of time and/or funding.
IGP sent a presentation that was given by Santiago Arellano at the workshop. A representative from GVO
(Congo) was invited but could not attend due to difficulties obtaining a visa for travel to Peru. A full list of
participants is given in Appendix A of this document.
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Figure 1 – Group photo annotated with names of participants. Not shown are Bo Galle, Sarah Ogburn, Felipe Aguilera, Riky
Centeno and Susana Layana.

Workshop logistics, activities, and topical highlights
The workshop had 2 main venues. The first two days were held at Hotel Hanan in Arequipa, Peru. The
majority of workshop participants arrived at Hotel Hanan on Sunday, April 22. A welcome dinner was
organized for that evening.
On the morning of April 23, an official opening ceremony was held in the auditorium of the Universidad
Tecnológica del Perú, together with members of the Latin American Volcanology Association (ALVO), who
held a meeting on the same days, and authorities from Peru and VDAP. A number of institutional heads
welcomed participants. This included brief remarks by Jake Lowenstern (head of VDAP) and Bo Galle (head
of NOVAC). For NOVAC workshop participants, the opening ceremony was followed by a tour of OVI
during which presentations were given by INGEMMET staff and covered OVI activities related with the
monitoring of volcanoes Misti, Sabancaya and Ubinas: seismology, geodesy, thermal and visible imaging,
and geology. OVI staff are owed thanks for taking the time to make this tour happen – it was very well
received.
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The afternoon of April 23 and the morning of April 24 were dedicated to scientific and technical
presentations held in the conference room at Hotel Hanan. First, Christoph Kern presented a brief
description of past workshops and the goals of the 6th workshop, which was followed by a general
presentation on volcano monitoring in Peru and the activity of Sabancaya. Then different participants
gave their talks. Topics included case studies from several long-standing NOVAC partner institutions, a
discussion of a new organizational structure for NOVAC (see below), efforts to make data collected within
NOVAC more accessible to the general public, use of the NOVAC data for satellite validation, and assessing
volcanic degassing on a global scale. In the afternoon of April 24, participants visited a Museum of Disaster
and Risk Reduction in Arequipa.

Figure 2 – Bo Galle addresses NOVAC workshop and ALVO participants at the opening ceremony held at the Universidad
Tecnológica del Perú.
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Figure 3 – Staff from OVI INGEMMET speak with workshop participants about operational monitoring of Peruvian volcanoes.

Figure 4 - Staff from OVI INGEMMET speak with workshop participants about the geology of Peruvian volcanoes

On April 25, the workshop moved to the Chivay area. The chosen venue, Hotel Tradicion Colca in the town
of Yanque just adjacent to Chivay, provided meals, lodging and conference facilities. April 25, the group
was divided into Working Groups for discussing and sharing experiences on hardware, software and use
of monitoring data from NOVAC instruments. This was followed by a plenary session where each group
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reported the main conclusions and future activities of each Working Group. The rest of the day and April
26 and 28 were mostly spent on scientific and technical presentations from the various workshop
participants. Topics included case studies of degassing volcanoes around the world, discussion of shallow
dynamics in volcanic conduits, the importance of CO2 measurements for eruption forecasting, new
instrumentation and retrieval techniques that could allow operational remote sensing of SO2, water vapor
and halogen oxides, and characterizing the chemical evolution of volcanic plumes. Moreover, on April 28
the group took decisions, based on discussions conducted over the week, on the new organization of
NOVAC and designation of steering committee members and working group coordinators (see below for
more details).

Figure 5 – Kila Mulina speaks to workshop participants about volcanic gas monitoring efforts in Papua New Guinea.
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A field trip to Sabancaya was organized for the group on April 27. Participants were driven to Sallalli, a
location some 7 km south of Sabancaya’s active vent. On the way, several participants performed mobile
DOAS measurements as the vehicles traversed from east to west beneath the plume. Additional traverses
were planned but could not be performed due to overheating of the vehicle. Upon arriving at Sallalli, other
participants set up SO2 camera measurements using the new Pi-Cam SO2 cameras donated to them by the
University of Sheffield (see below for more details). A sub-group was driven to the location where
INGEMMET had installed the first DOAS scanner on Sabancaya (the SAD1 station). Here, participants set
up additional SO2 camera and scanning DOAS measurements. In total, measurements were made from
approximately 08:00 to 12:00 when thunderstorms moved in. The excellent weather made possible
observing the constant gas emission and occasional ash explosions, typical Vulcanian activity of
Sabancaya, and the magnificent surrounding landscape. On the night of April 28, an astronomical
observation activity was offered by the Hostal, which was very appreciated by the participants.
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Figure 6 – Some photos of remote sensing measurements from the NOVAC station SAD1 site and from Sallali and mild-explosive
activity of Sabancaya volcano
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On the morning of April 29, an optional trip farther into the Colca Valley was offered to the group. Most
workshop participants took advantage of the offer to see the impressive Colca Canyon and get a taste of
traditional Peruvian culture. In Yanque, a Hatihat dance was performed for the group. In Maca, additional
SO2 camera measurements of the Sabancaya plume were attempted from the main square.
Unfortunately, the plume was too dilute to be detected, but the activity roused significant curiosity among
the locals. This marked the end of the workshop and the group returned to Arequipa the same day.

Releasing a global NOVAC dataset
With the goal of producing re-analysis data evaluated in a consistent and homogenized way, the group at
Chalmers University (Sweden) has over the last year performed post-processing of data collected by all
NOVAC instruments for the period 2005-2016. This evaluation used meteorological data from the ECMWF
ERA-interim database and standardized parameters and criteria for spectral evaluation and validation of
results. Results files with statistics for daily emission and plume parameters were produced using
specifications of the GEOMS standard in both netCDF and text formats, containing metadata (with citation
information, instrument and evaluation parameters) and the actual data, and assigned a DOI. A database
has been developed to host these results, which first version was presented in the workshop for discussion
on the formats, content, and conditions for access and use of data. The results will be compared with
independent evaluations carried out by the observatories and a collaboration-article describing the results
and database is under preparation before official release of the database in the next months. From then
on, results can be shared with other thematic databases, such as WOVOdat, Smithsonian Institution GVP,
EarthChem, MAGA, GEIA, or CAMS.

A new organizational structure for NOVAC
One important outcome of the workshop was that participants agreed to a new organizational structure
for NOVAC. Bo Galle, the de-facto chief of NOVAC will be retire from his position at Chalmers in the next
year, and asked the workshop participants to elect a steering committee, which will be able to represent
NOVAC in his place moving forward. The steering committee is composed of two co-chairs, one from a
participating volcano observatory and one from a research institution or non-observatory partner. In
addition, the steering committee has a secretary who is in charge of documentation and communication.

9

The workshop participants elected the following members to the steering committee. They will hold office
until a new steering committee is elected at the next workshop or until they step down.
Co-Chair (volcano observatory): Zoraida Chacon, SGC Manizales, Colombia
Co-Chair (non-observatory partner): Christoph Kern, USGS VDAP, USA (acceptance pending USGS ethics
approval)
Secretary: Santiago Arellano, Chalmers University, Sweden
Aside from the need for a more formalized leadership structure, three so-called ‘working groups’ were
established in an attempt to take better advantage of the varied skillsets of the NOVAC members. The
working groups will focus on Instrumentation, Software, and Data Use, respectively. All NOVAC members
can join one or multiple working groups to help contribute to developments on the respective topics. Each
working group has a coordinator whose job it is to organize and prioritize work within the group, and to
report new developments back to the NOVAC community as a whole. The workshop participants elected
the following working group coordinators. They will hold office until a new steering committee is elected
at the next workshop or until they step down.
Instrument Working Group Coordinator: Claudia Rivera, UNAM, Mexico
Software Working Group Coordinator: Diana Norgard, USGS VDAP, USA
Data Use Coordinator: Silvana Hidalgo, IGEPN, Ecuador
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Figure 7 – New organizational structure for NOVAC and brief description of the tasks assigned to each entity.
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Working Group break-out sessions
Time was allotted during the workshop for the individual working groups to meet for the first time and
develop a plan for future group activities. The outcomes of these break-out sessions are described
below.

Software Working Group
(4 participants in first meeting, 2 of which women. 10 members interested in participating, conclusions
presented by Diana Norgaard –VDAP)
The working group initially discussed general matters such as the various roles individuals may play and
source code management. The group then went into identifying requirements for new website and future
software changes.
The primary role of the working group is to maintain the NOVAC software programs (MobileDOAS, NOVAC
Program, etc.). The latest versions are hosted in GitHub and it has been decided that we will continue to
manage the code there, but will consider getting a team account to make the repositories private (out of
potential copyright concerns). The following new features were proposed during at the workshop:
MobileDOAS
•

Support additional spectrometers (e.g. Avantes, other Ocean Optics spectrometers)

•

Add solar spectrum to real time analysis to improve fit

•

Support dual beam instruments (for plume height and wind speed retrievals)

•

Investigate uncertainty estimates of emission rates (they seem to be too high)

•

Legend for real-time route dialog

•

Maps (e.g. Google) as background for route in Flux Calculation dialog

•

Support for Linux (long term goal)

NOVAC Program
•

Option to pull ‘ShowLog’ file from instrumentation to support troubleshooting

•

Add file transfer information to status log

•

Allow different verbosity levels for status log
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•

Ensure software does not spend too long downloading data from one station after a telemetry
outage

•

Spectrometer calibration from Fraunhofer spectrum

•

Ensure dual beam wind measurements are working

•

Implementation of cloud filters – possibly integrating webcam imagery

•

Implementation of scattering corrections

•

Support for Linux (long term goal)

The working group will also be responsible for documentation and prioritization of requirements related
to the software. The idea of providing documentation in Spanish has been mentioned.
In addition to software development and management, the working group is tasked with establish a new
web presence for NOVAC. The website should provide updated content (about NOVAC and its goals),
distribute official software releases, and have mobile friendly means for members to upload current
content. If possible, the member and mailing lists for various working groups and NOVAC as a whole
would be managed via the site.
Initial priorities for the working group will be support for hardware changes, developing new website, and
identifying additional resources (people) that can perform these tasks.

Hardware Working Group
(11 participants in first meeting, 1 of which was female. Conclusions presented by Ulrich Platt –Univ. of
Heidelberg)
Outdated hardware
The manufacturers of both the Ocean Optics spectrometer and the Moxa computer have stopped
production. For this reason more development needs to be conducted in order to find a suitable
replacement for each of the parts no longer in production and also to upgrade electronics accordingly (for
example to modify electronics to use USB for readout -instead of serial-). This also provides a good chance
to improve the current NOVAC instrument.
Probable Ocean Optics spectrometers options are the Maya or Flame spectrometers, however some
concerns are raised regarding temperature sensitivity.
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Another possibility could be to change to Avantes spectrometers (Avantes ULS), which have the advantage
of being more stable when it comes to temperature changes and suffer less of stray-light. Also we could
assess the Pi-Spec.
The most probable Moxa computer replacement would be the new version. Tests need to be conducted
with this new Moxa model. The computer replacement should have low power consumption and high
reliability. Specific requirements would include to work at extreme high and low temperatures (covering
the temperature ranges the NOVAC instruments are exposed to). Preference should be given to use an
industrial grade computer.
We should also assess compatibility issues regarding software and hardware with the objective to keep
the number of spare parts at a minimum. Specific issues to consider are the number of ports, RAM,
capability to run evaluation on instrument computer.
We also discussed about scanner changes such as using a prism instead of a mirror, add cylindrical lens to
extend field of view in scan direction for better wind speed measurements, the use of a quartz tube for
protection.
Regarding telemetry, it would be good to assess how many observatories are still using serial radios and
how many have changed to ethernet.
Complementary equipment
As complementary equipment (using NOVAC as platform) several suggestions were made such as
displacement (ground deformation), UV or Vis cameras as well as Pi-Spec (spectrometer). Characterization
regarding performance under extreme temperatures is advised. We also discussed the possibility to use
state of health indicators, IR, neutron scattering for plume water contents, automated drones and direct
sunlight measurements.
NOVAC Instrument Version 3
To develop the new version (3) of the NOVAC instrument it is suggested to create a list of requirements
which can later be categorized and priorities can be decided based on needs and feasibility.
A suggestion for the NOVAC Instrument Version 3 is to build redundancy into the system (for example
duplicate the computer -”brain”- so that if one fails there is a spare already in place). Other general ideas
are:
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•

Add webcam

•

Add UV (SO2) camera (perhaps only 1 filter?), would perhaps require RaspberryPi

•

Add tilt meter (ideally attached to prism)

•

Add compass (dual GPS?)

•

Extend spectral range by using (a) filter, (b) second spectrometer

•

Add visible spectrometer

•

Have two spectrometers for wind speed

Data Use Working Group
(18 participants in first meeting, 1 of which woman. 20 members interested in participating, conclusions
presented by Santiago Arellano –Chalmers-)
Use in monitoring
For many observatories, monitoring is the main activity, while research is a secondary goal. The
participants raised this as an initial comment. Then specific problems were discussed, as outlined below.
Problem with choosing data from different stations: When two scanners measure simultaneously the
same plume and their flux retrievals differ, how to know which of them gives the most accurate value?
The most important is to assess the most probable reason of the discrepancy (instrument calibration, local
measurement conditions, distance to the plume, etc.). Assuming that distance to the plume, through
scattering effects, plays the main role, then choosing the highest value (less scattering) could be a practical
solution for real-time data.
Problem with filling gaps in time series of daily emission: When doing post-evaluation and statistics (e.g.
daily emission) the program only produces positive plume detections, and therefore, periods of time with
no plume detections do not show up in the results. This would affect the statistics of daily emission,
because only values above detection limit are included. The most important here is to identify the reason
of the non-detections. Was it because the instrument did not measure? Or because the plume direction
changed away of the observation of the instrument? Or because weather conditions were bad? Or was it
a true low emission from the volcano? Use of auxiliary information (e.g. wind direction, cloudiness, level
of activity) is crucial to identify the cause. When the instrument does not measure above the limit of
detection when the conditions for measurement are correct, the statistics should be calculated after
assigning detection limit values to those periods.
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Problem with speed of scanning: Due to meandering and turbulence, individual scan measurements may
produce wrong results if they take long to be completed (moving with or against wind, for example). For
this reason, is desirable to limit the exposure time of the acquisition as much as possible, without
compromising the quality of the signals. In the future, it would be better to speed up the scanning with a
more sensitive and spectrometer with higher rate of data transfer.
Discussion about how to calculate the mean daily emission: To compare statistics of several days or
instruments the standard error of the mean (estimated from the sample standard deviation and number
of measurements) could be used, as it gives an idea of variability and representability of the
measurements.
How to deal with U-shaped time series when there is no gas? The time series of daily emission looked Ushaped when no gas is being emitted because measurements at high solar zenith angles have larger
uncertainty. For this reason, is advisable to select measurements from a time window when the sun is
well-above horizon (e.g. 9-16 in the tropics).
Effect of timer on electronics: It has been suspected that abrupt interruption of the instrument operation
by a power-shut timer may cause electronic problems in the instruments. For this reason, a group has
decided not to use the timer. A solution would be to re-establish the ‘sleep’ function in the program that
forces the instrument to finish in an orderly manner before full-power is turned off by the timer.
Discussion on that it should be kept on mind that there are two versions of data: real-time and postprocessed: For re-analysis is typical to use wind speed from local models and plume height and direction
from geometry. The plume Information is usually shared with VAACs.
Cameras are being used to obtain column height. It would be useful to use them in some way to get plume
speed.
Use in volcanology
How does it look when the volcano has low emission? The number of valid plumes is a good indicator. It
is important to know local meteorological conditions, how the network is configured and how the volcanic
activity is in order to draw some conclusions
Measurement strategies should adapt to state of volcanic activity: For example, when there is no active
degassing and the most important is to detect degassing anomalies, a good strategy is to use wide-field
of view optics and stationary measurement above the crater to detect an increase in emission (e.g.
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Iceland, PNG). Also horizontal scanning when it is not possible to perform typical scanning (e.g. El
Reventador).
It would be good to use other gas measurement techniques for comparison, e.g. UV cameras,
mobileDOAS, COSPEC, in a more regular basis.
After the meeting the working group coordinator will make a contact list and prepare a shared document
to compile ‘best practices’ from different experiences from observatories. It will also coordinate with
other groups to make an inventory of present hardware and software configurations.

SO2 cameras and their relation to NOVAC
The NOVAC community uses scanning DOAS instruments to measure volcanic degassing. In recent years,
another emergent technology has become more and more widespread: SO2 cameras measure the
absorption of light by SO2 in volcanic plumes to obtain 2D images of volcanic gas distributions. Led by
Andrew McGonigle, a group of researchers at the University of Sheffield has recently succeeded in
developing a low-cost (< 1,000 USD) version of such an SO2 camera. The Sheffield group brought several
of these cameras to the NOVAC workshop, and through funding from a U.K. research grant, was able to
give these away to a number of volcano observatory partners from Latin America. Though not officially
associated with NOVAC, this activity was deemed complimentary in scope to the goals of the community
and the Sheffield group was encouraged to join the workshop.
On the afternoon of April 24, SO2 cameras were given to Fredy Apaza (INGEMMET), Robin Campion
(UNAM), Silvana Hidalgo (IGEPN), and Felipe Aguilera (UCN), and recipients were trained on data
acquisition with the new systems. Geoffroy Avard (OVSICORI) was also given a unit at a later point in time.
All recipients then received additional training and made their first successful measurements during the
field trip to Sabancaya on April 27.
During the workshop it became clear that SO2 cameras have advantages and disadvantages when
compared to scanning DOAS instruments. Their main advantages are (1) the fact that they measure both
SO2 abundance and plume speed coincidentally, thereby allowing for straightforward calculation of the
SO2 emission rate and (2) the high time resolution of the measurements which allows direct comparison
with other high-resolution geophysical datasets. However, their drawbacks are (1) the fact that they have
very limited spectral resolution (typically just 2 spectral channels) and (2) their measurement geometry
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requires sampling the plume near the vent where it is often optically thick / opaque. Together, these two
factors can severely limit the accuracy of the measurements (though the measured short-term variability
of degassing may still be useful, even if the absolute emission rates are inaccurate). During the workshop,
the consensus emerged that the UV imaging technology holds much promise (particularly for measuring
plume speed), but will not be a desirable replacement for scanning DOAS instruments any time soon.

Future Work
As is evident from the workshop evaluation metrics, feedback from the participants was overwhelmingly
positive. Many participants spoke to the importance of these workshops for themselves and their
institutions. First-time participants seemed especially enthusiastic about participating more closely in the
NOVAC community and attending future events. The general consensus was that a 3 year repeat interval
seems appropriate for the NOVAC workshops. Assuming that support for this effort can be obtained, this
would set the tentative timing of the next NOVAC workshop to April 2021. Hugo Delgado (UNAM) openly
offered to assist in hosting the next NOVAC workshop in Mexico, with a specific focus on honoring Bo
Galle and Ulrich Platt for their key roles in the founding of NOVAC. Other potential locations for the next
meeting include Ecuador and Chile, as both of these countries have yet to host a NOVAC workshop.
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Appendix A - List of workshop participants
Name

Institution

Email

Agnes Mazot

GNS

A.Mazot@gns.cri.nz

Amiel Nieto Torres

UNAM

amiel@geofisica.unam.mx

Andrew McGonigle

Uni Sheffield

a.mcgonigle@sheffield.ac.uk

Armando Saballos

INETER

j.a.saballos@gmail.com

Bo Galle

CHALMERS

bo.galle@chalmers.se

Carlos Melgarejo Navarrete

SERNAGEOMIN

carlos.melgarejo@sernageomin.cl

Carlos Laverde

SGC Pasto

claverde@sgc.gov.co

Charlotte Barrington

EOS

cbarrington06@gmail.com

Christoph Kern

VDAP

ckern@usgs.gov

Claudia Rivera

UNAM

claudia.rivera@ciencias.unam.mx

Cynthia Werner

VDAP contractor

cwerner@volcanogeochemsitry.com

Deborah Fernandez

PHIVOLCS

fernandez.deborah8@gmail.com

Diana Norgaard

VDAP

dnorgaard@usgs.gov

Elvis Mendoza

INETER

emenri81@gmail.com

Felipe Aguilera

UCN

feaguilera@ucn.cl

Felipe Rojas

UCN

felipe.rojas.vilches@gmail.com

Freddy Vasconez

IGEPN

fvasconez@igepn.edu.ec

Fredy Apaza

INGEMMET

fapaza@ingemmet.gob.pe

Gabriela Velásquez

SERNAGEOMIN

gabriela.velasquez@sernageomin.cl

Geoffroy Avard

OVSICORI

geoffroy.avard@una.cr

Gustavo Chigna

INSIVUMEH

gustavo.chigna@gmail.com

Hugo Delgado

UNAM

hdg@igeofisica.unam.mx

Javier Calderón Vilca

INGEMMET

jcalderon@ingemmet.gob.pe

Jonathan Hanson

GNS

j.hanson@gns.cri.nz
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Kila Mulina

RVO

kila_mulina@mineral.gov.pg

Luisa Fernanda Meza

SGC Popayan

lmeza@sgc.gov.co

Melissa Pfeffer

IMO

melissa@vedur.is

Mirian Villalobos

MARN

avillalobos@marn.gob.sv

Pablo Masias

INGEMMET

pmasias@ingemmet.gob.pe

Riky Centeno Quico

IGP

rcenteno@igp.gob.pe

Robin Campion

UNAM

robin@geofisica.unam.mx

Rodolfo Alvarado Sosa

INSIVUMEH

Ralv55@hotmail.com

Santiago Arellano

CHALMERS

santiago.arellano@chalmers.se

Sarah Ogburn

VDAP

sogburn@usgs.gov

Sebastian Garcia

SEGEMAR

sebagarcia85@gmail.com

Silvana Hidalgo

IGEPN

shidalgo@igepn.edu.ec

Susana Layana

UCN

susana.layana@alumnos.ucn.cl

Tom Pering

Uni Sheffield

t.pering@sheffield.ac.uk

Tom Wilkes

Uni Sheffield

tcwilkes1@sheffield.ac.uk

Ugan Saing

CVGHM

ubsaing@gmail.com

Ulrich Platt

Uni Heidelberg

ulrich.platt@iup.uni-heidelberg.de

Zoraida Chacon

SGC Manizales

zchacon@sgc.gov.co
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Appendix B - Workshop Program
Sunday, April 22, 2018
Icebreaker and kickoff dinner
16:30
Icebreaker

Drinks at Hotel Hanan

18:00

Dinner at Hotel Hanan

Kickoff dinner

Monday, April 23, 2018
Official Opening Ceremony and Tour of Observatorio Vulcanológico del INGEMMET (OVI)
7:30
Bus pickup from Hotel Hanan
8:15
9:45

Official Opening Ceremony by INGEMMET and others, together with ALVO
Held at the Auditorio de la Universidad Tecnológica del Perú
Tour of Observatorio Vulcanológico del INGEMMET (OVI)

11:00

Bus to Hotel Hanan

12:00

Lunch at Hotel Hanan

Welcome to the NOVAC workshop and to Peru!
13:30
Bo Galle, Pablo
Welcome and workshop goals
Masias
Christoph Kern
14:00
Pablo Masias
Volcano Monitoring in Peru
14:30

Fredy Apaza

15:00

Coffee Break

Gas Monitoring in Sabancaya and Ubinas volcanoes, NOVAC
networks

Linking volcanic gas measurements to volcanic processes I
15:30
Silvana Hidalgo,
Degassing and Seismicity during the 2015 crisis of Cotopaxi
Fredy Vasconez
Volcano, Ecuador
16:00
Zoraida Chacon
Monitoring of SO2 emissions from Nevado del Ruiz Volcano:
an important tool to support the research and volcanic
activity project in Colombian Geological Survey
16:30
Armando Saballos,
The NOVAC data and instruments in Nicaragua, an update in
Elvis Mendoza
2018
17:00
Mirian Villalobos
Volcanic Hazard assessment and monitoring, El Salvador
18:00

Dinner at a Sambambaias
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Tuesday, April 24, 2018
Forming a new organizational structure for NOVAC
8:30
Bo Galle, Santiago
A new organizational structure for NOVAC:
Arellano, Christoph
Steering Committee and Working Groups
Kern
9:00
Bo Galle
NOVAC data policy and new Database
9:30

Santiago Arellano

10:00

Coffee Break

Global NOVAC fluxes: building up a database and comparisons
with satellites

Technical improvements and new technology I
11:00
Diana Norgard
NOVAC software updates
11:30

Claudia Rivera

12:00

Tom Wilkes

12:30

Felipe Aguilera

13:00

Lunch at Hotel Hanan

NOVAC – best practices about installations and equipment
maintenance
Smartphone sensor based UV camera and spectrometer
measurements of gas fluxes from volcanoes
Testing of the new UV RaspberryPiCam in persistently
degassing volcanoes from northern Chile

Visit of the Arequipa Museum of Disaster Reduction
14:30
Bus to Museum of Disaster Reduction
15:30

Arrive at Museum

17:00

Bus back to Hanan / Restaurant

18:00

Dinner at a Restaurant
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Wednesday, April 25, 2018
Transfer to Chivay
7:00
Bus to Chivay leaves Hotel Hanan
12:00

Arrive at Hotel Tradicion Colca

12:30

Lunch at Hotel Tradicion Colca

Linking volcanic gas measurements to volcanic processes I
14:00
Jonathan Hanson
How GNS monitors New Zealand volcanoes
14:30

Agnes Mazot

15:00

Deborah Fernandez

15:30

Coffee Break

16:00

Charlotte Barrington

16:30

Cindy Werner

Constraining SO2 flux at Mayon Volcano from NOVAC and SO2
camera
Monitoring CO2 and C/S at active volcanoes

17:00

Tom Pering

An unusual lava lake at Masaya Volcano

18:00

Dinner at Hotel Tradicion Colca

Monitoring volcanic degassing on White Island (Whakaari),
New Zealand
Continuous SO2 emission of Mayon Volcano from 2014-2018
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Thursday, April 26, 2018
Linking volcanic gas measurements to volcanic processes II
8:30
Carlos Laverde
Correlation between volcanic Sulfur Dioxide emissions
registered by NOVAC instrumentation at Galeras volcano
(Colombia) and satellite measurements: 2004 - 2010 eruptive
activity
9:00
Luisa Fernanda Meza The volatiles output of Puracé volcano
9:30

Gustavo Chigna,
Rodolfo Alvarado

10:00

Coffee Break

Some measurements of SO2 in volcanoes in Guatemala and
tests with other measuring instruments.

Maintenance, technical improvements and new technology II
10:30
Robin Campion
Fabrication and interest of SO2 calibration cells for DOAS
measurements
11:00
Christoph Kern
Measuring gases other than SO2 with scanning DOAS
instruments
11:30
Ulrich Platt
Some thoughts on future NOVAC Hardware

12:00

Lunch

NOVAC Working Group breakout session
13:30
Plans for the future – NOVAC Working Group breakout sessions
15:00

Working groups report back on what they have decided

15:30

Coffee Break

Linking volcanic gas measurements to volcanic processes III
16:00
Andrea di Muro
Multidisciplinary measurements at Piton de Fournaise
volcano, Reunion Island
16:30
Melissa Pfeffer
Ground-based measurements of the 2014-2015 Holuhraun
volcanic cloud (Iceland)
17:00
Pablo Masias
Current Activity at Sabancaya. Logistics, measurement
Fredy Apaza
strategies and safety for tomorrow’s field trip.
18:00

Dinner at Tradicion Colca
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Friday, April 27, 2018

OVI INGEMMET

Field Trip
6:00

Buses depart Hotel Tradicion Colca

12:00

Bagged lunch is taken in the field

16:00

Buses return to Hotel Tradicion Colca

18:00

Dinner at Hotel Tradicion Colca
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Saturday, April 28, 2018
8:30

Election of the new Steering Committee and Working Group Coordinators

Linking volcanic gas measurements to volcanic processes IV
9:00
Ugan Saing,
SO2 emissions and seismicity at Sinabung Volcano leading up
Syegi Kunrat
to the Feb 19, 2018 explosive eruption
9:30
Kila Mulina
NOVAC data at Tavurvur volcano, Rabaul, and future plans.

10:00

Coffee Break

10:30

Amiel Nieto

11:00

Robin Campion

11:30

Ulrich Platt

12:00

Lunch

Seismic signals and gas emission at Popocatepetl volcano
2012-2017
Robin Campion
Breathing and Coughing: The degassing of Popocatépetl
volcano investigated with an SO2 camera
Discovery of periodic behavior in the emission of several
volcanoes from long NOVAC time series

Linking volcanic gas measurements to volcanic processes V
13:30
Gabriela Velasquez,
Monitoring of SO2 degassing in volcanoes Copahue and
Carlos Melgarejo
Villarrica by Southern Andes Volcano Observatory (OVDAS)
14:00
Sebastian Garcia
Developing a Geochemical Monitoring Program for the future
Argentine Observatory of Volcanic Surveillance (OAVV)
14:30
Felipe Rojas
Results from PyCam UV camera from Ollague, San Pedro and
Putana volcanes, a preliminary comparison with previous
studies
15:00
Geoffroy Avard
Geochemical monitoring of Poas Volcano, Costa Rica

15:30

Coffee Break

Final Discussions / Workshop Evaluation / Preliminary Results from the Field Trip
16:00 17:30

18:00

Final Dinner
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Sunday, April 29, 2018
Visit Colca Canyon and transfer to Arequipa
6:00
Bus to Colca Canyon leaves Tradicion Colca
7:00

Arrive at Colca Canyon

9:00

Bus leaves Colca Canyon

12:30

Lunch at Tradicion Colca

14:30

Bus to Arequipa departs Tradicion Colca

18:00

Arrive in Arequipa
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Appendix C – BrO Analysis Training
Besides SO2, bromine monoxide (BrO) can also be measured by scanning DOAS instruments. In volcanic
plumes, bromine (and BrO) is an indicator for shallow, dry degassing of magma. However, as the
abundance of BrO in volcanic plumes is significantly lower than that of SO2, the spectral analysis of BrO is
significantly more complex. To date, BrO analysis has not been performed by staff at the volcano
observatories themselves, but rather only performed by spectroscopy specialists at research institutions
associated with NOVAC.
Several NOVAC partner institutions had recently requested training in the BrO analysis methodology in
order to obtain the ability to independently retrieve BrO abundances. Therefore, a BrO analysis training
was set up in the two days following the NOVAC workshop on April 30 and May 1. At this training,
Christoph Kern taught participants about the principles of DOAS spectroscopy, then starting with the
much easier SO2 analysis, showed them how to set up manual DOAS retrievals using the freely available
DOASIS software. After participants had succeeded in evaluating a common example dataset for SO2, the
members of each observatory were instructed to analyze data collected by their own NOVAC scanning
DOAS instruments.
By the end of the training, participants had obtained a working knowledge of the DOASIS software and
the methodology for BrO analysis, and were able to apply their skills to analyze their own data for BrO.
The participants from Ecuador and Colombia were able to retrieve BrO column densities and BrO/SO2
ratios in the plumes of Cotopaxi and Nevado del Ruiz, respectively. Participants from Peru found that BrO
was below the instrument detection limit in the plumes of Ubinas and Sabancaya volcanoes.
The following scientists participated in the BrO analysis training. 3 out of 7 were female.
Name

Institution

Email

Carlos Laverde

SGC Pasto

claverde@sgc.gov.co

Freddy Vasconez

IGEPN

fvasconez@igepn.edu.ec

Fredy Apaza

INGEMMET

fapaza@ingemmet.gob.pe

Luisa Fernanda Meza

SGC Popayan

lmeza@sgc.gov.co

Pablo Masias

INGEMMET

pmasias@ingemmet.gob.pe

Silvana Hidalgo

IGEPN

shidalgo@igepn.edu.ec

Zoraida Chacon

SGC Manizales

zchacon@sgc.gov.co
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Appendix D– More Photos…
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