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The 2022 Mauna Loa eruption started on 27 November and ended on 10 December, lasting 13 days and was
observed by several satellite instruments, operated by both commercial companies and government agencies.
Here, we used these data for a multidisciplinary retrospective analysis of the entire eruption, including high-
resolution satellite visible images to monitor the lava flow areal coverage rate, airborne LiDAR and orbital
stereo-visible images to generate a flow thickness map, and thermal infrared data to perform a thermal time
series analysis. Combining these different datasets provides a holistic view of the eruption. A measurable pre-
eruption thermal increase was detected on 22 October 2022, approximately one month prior to eruption start.
This thermal area within the northwest caldera wall is consistent with past fumarole activity in the area but also
increased in temperature prior to the eruption. Following the eruption onset, the entire flow field covered an area
of 35.7 km? with a bulk volume of 0.13 km®. The largest lava flow had an average areal coverage rate of 0.27
km?/day, with approximately 80% of it being emplaced in 48 h after the source vent became active. Following
emplacement, the thickest part (>20 m) of the flow field took ~21 months to fully cool to background tem-
peratures. Our analysis demonstrates the usefulness of satellite data synergy to monitor future pre-, syn-, and
post-eruptive changes in effusive volcanic systems.

spatial and temporal visible near infrared (VNIR) and radar data, as well
as data products (i.e., topography) derived from those data. Researchers'

1. Introduction

Monitoring and responding to a volcanic eruption using satellite
instrument data has become standard practice over the last several de-
cades (Coppola et al., 2020; Francis and Rothery, 2000; Harris, 2013;
Ramsey and Flynn, 2020; Ramsey and Harris, 2013). Higher resolution
data from instruments on the Terra, Aqua, the Landsat and Sentinel
series, and the Advanced Land Observation Satellite (ALOS) platforms
are commonly used to investigate volcanic activity. These instruments
are operated by government agencies such as the National Aeronautics
and Space Administration (NASA), the European Space Agency (ESA), or
the Japanese Aerospace Exploration Agency (JAXA). However, in-
struments operated by commercial companies (e.g., Airbus, ICEYE,
Maxar/Vantor, and Planet) have increased the availability of high
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ability to access these datasets and incorporate them into studies has
also increased through NASA's Commercial SmallSat Data Acquisition
(CSDA) program (Maskey et al., 2021) and similar collaborative ar-
rangements. These data provide new tools for volcanology such as
detailed morphology retrieved from the higher spatial resolution data
(e.g., Dai et al., 2024; Galetto et al., 2025a) and/or denser VNIR time
series investigations retrieved from the higher temporal resolution data.
Such studies have been performed at Etna (Dozzo et al., 2024), Fogo
(Bagnardi et al., 2016), Fuego (Aldeghi et al., 2019), Niijima Fukutoku-
Okanoba (Simurda et al., 2022), Piton de la Fournaise (Chevrel et al.,
2023), and Tolbachik (Dai and Howat, 2017). Furthermore, application
of new analysis tools, such as machine learning (ML), to existing archival
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data enables training for model assessment of new activity and its
likelihood of being precursory to an eruption (Corradino et al., 2023;
Ramsey et al., 2023). However, the analysis of any volcano is limited to
the capabilities and frequency of the individual instruments that observe
the activity or deposits, as well as the accessibility of those data to sci-
entists. No single satellite dataset covers the full wavelength spectrum or
full range of spatial/temporal resolutions, limiting their applications.
Thus, combining satellite datasets can provide a more robust and com-
plete interpretation of a volcanic eruption. The increase and availability
of satellite datasets, both commercial and public sector, provides new
monitoring and hazard response capabilities for volcano science and
observatories. Here we demonstrate the synergistic use of these satellite
data before, during, and after the 2022 Mauna Loa, Hawai'i eruption.
Beginning in September 2022, Mauna Loa experienced an increase in
seismic activity, with notable activity beneath the caldera and South-
west Rift Zone (SWRZ) (Maher et al., 2023). On 27 November 2022 a
fissure opened in the summit caldera, marking the start of the effusive
phase of this eruption (Lynn et al., 2025). Lava flows were first emplaced
within the summit caldera and towards the SWRZ (Fig. 1). However, on
the morning of 28 November the activity migrated to the Northeast Rift
Zone (NERZ) with multiple fissures opening and several producing fire
fountaining. From 29 November through 9 December 2022, the eruption
continued primarily from Fissure 3, producing a vent and an ~18 km
long channelized lava flow (Fig. 1). An extended eruption from Fissure 3
became the primary hazard as longer flows could result in the Daniel K.
Inouye Highway (Saddle Road), a major transportation route for resi-
dents between the eastern and western sides of the island, being covered
and cut off. Fortunately, when all effusive activity ceased on 10
December 2022, the Fissure 3 flow stopped ~3 km from the Saddle
Road. Our investigation focuses on a thermal time series analysis from
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2020 through to the end of the eruption, lava flow areal coverage rates
for flows originating from Fissure 3, post emplacement topography,
area, and volume. We also investigate the syn- and post-eruption ther-
mal evolution of the eruption and its products.

2. Data and methods
2.1. Thermal analysis

Thermal trend analysis utilized a ML based model (Corradino et al.,
2023) trained with data from the automated spatiotemporal thermal
anomaly detection (ASTAD) algorithm (Ramsey et al., 2023). The model
is a convolutional neural network (CNN) with a UNET architecture that
was applied to the 90 m/pixel thermal infrared (TIR) data from the
Advanced Spaceborne Thermal Emission and Reflection radiometer
(ASTER) instrument on the Terra satellite (Kahle et al., 1991). A five-

Table 1
Datasets used in the study.

Acquisition System  Data Type Date (DD/MM/YY)

3DEP LiDAR 30/01/2018-06/01/2020
PlanetScope VNIR image 30/11/22

PlanetScope VNIR image 01/12/22

Landsat 8 VNIR image 02/12/22

PlanetScope VNIR image 05/12/22

PlanetScope VNIR image 07/12/22

Sentinel 2 VNIR image 11/12/22

ASTER TIR images 01/01/2020-31/12/25

WorldView-2/3 Panchromatic stereo images ~ 01/08/2023 and 02/07/2023
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50 100 150 200 250 300 350
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500 1000 1500 2000 2500
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Fig. 1. The flow thickness map of the 2022 Mauna Loa eruption generated using post-event high resolution orbital optical stereo data and a pre-event LiDAR DEM.
The inset shows the location of Mauna Loa - yellow triangle, and the white dashed rectangle indicates the region shown in Fig. 5. The red dashed lines and triangles
show the locations of the caldera/rift zone fissures and the four fissure vents, respectively. The base map is created using the ArcPro World Imagery Mosaic (updated
1 August 2025, 0.5 m/pixel). The topographic transects, A — A', B—B’, and C — C' are shown in (b), (c), and (d), respectively. For each of the profiles, the black and red

lines indicate the pre- and post-eruption topography, respectively.
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year period was analyzed starting in 2020 (Table 1). ASTAD is a sta-
tistical approach that uses the entire ASTER archive of both day and
night TIR data accounting for varying cloud, temporal, seasonal, and
elevation conditions to identify the accurate background temperature of
each scene and any anomalous pixels with subtle (1—-2K) temperatures
above background (TAB). Prior studies using ASTER TIR data for ther-
mal trending typically ignore the daytime scenes and those with any
percentage of clouds in order to simplify the analysis (Gomez-Patron
et al., 2025; Reath et al., 2019; Way et al., 2022). However, this can
result in the removal of a significant percentage of scenes (> 50%) of the
total archive in certain cases (Ramsey and Flynn, 2020), thus skewing
results and potentially leading to poor training data for ML models.
ASTAD uses a combined approach of data normalization and Gabor
filtering (e.g., Gonzalez et al., 2010) to spatially cluster anomalous
pixels in a similar way to how the human eye identifies clustered pat-
terns of anomalies in TIR images. The normalization uses a morpho-
logical reconstruction to create a thermal intensity image. The pixel
intensities are passed through a Gabor filter, which further highlights
spatial edges and low intensity signals. Each pixel is weighted on both
the intensity as well as spatial location thereby reducing outliers
(possible false positives). Finally, from this intensity subset, pixels are
identified as anomalies if they are above the TAB (see Ramsey et al.,
2023 for further details). ASTAD-ML further enhances the original
ASTAD performance because it learns spatial features from the ASTAD
training data instead of the time consuming and explicitly programmed
Gabor filtering.

ASTAD has been tested at Etna, Fuego, Kliuchevskoi, Lascar, and
Popocatepetl to identify thermal trends (Ramsey et al., 2023). These
results were later used by Corradino et al. (2023) as the labeled data to
train the UNET CNN model. The ASTAD-ML model was then applied to a
different volcano (Vulcano, Italy) and found to achieve a high accuracy
(93%) with excellent generalization capabilities. For this analysis we
applied the ASTAD-ML model to 295 L1T radiance ASTER TIR scenes
from 1 January 2020 to 31 December 2025 (Table 1). The derivative of
the heat flux running average is used to identify periods of thermal in-
crease and flagged at points in time where this increase exceeds a certain
threshold confidence value (Ramsey et al., 2023).

2.2. Flow front monitoring

We used four Planet SuperDove, one Landsat 8, and one Sentinel 2
image(s) to monitor the Fissure 3 channelized lava flow progression
(Table 1). Planet SuperDove is a constellation of ~200 CubeSats, each
with eight spectral bands (443-865 nm) in the VNIR, a spatial resolution
of 3 m/pixel, and a temporal resolution of ~24 h. Planet data products
are typically available to users within 24 h of acquisition. For this
analysis we used the processed surface reflectance data product that
includes geometric and radiometric corrections (Tu et al., 2022). Cali-
brated surface reflectance data from the Landsat 8 Operational Land
Imager (OLI) and the Sentinel 2 Multispectral Instrument (MSI) were
also incorporated into the flow front analysis (Table 1). The VNIR data
from OLI (430-1380 nm) and MSI (~493 — ~833 nm) have a spatial
resolution of 15 m/pixel and 10 m/pixel, respectively (Roy et al., 2014).
The flow front monitoring rate was performed using the ArcGIS Pro
software by measuring the observable surface area change over the
number of days between observations.

2.3. DEM and elevation change map generation

The data used for the pre-eruption topographic reference map was
produced by the National 3D Elevation Program (3DEP) program
(Stoker, 2020) airborne light detection and ranging (LiDAR) surveys
conducted between January 2018 and June 2020 (Table 1), with a
spatial resolution of 1 m/pixel. The LiDAR digital elevation model
(DEM) tiles were provided in NAD83 PA11 UTM Zone 5 N coordinate
system (EPSG:6635) with geoid-based heights. We reprojected the DEM
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tiles into the WGS84 coordinate system with ellipsoid-based heights
using a multi-step process. We first reprojected the DEM tiles into
EPSG:6321 3D coordinate system using the National Oceanic and At-
mospheric Administration's (NOAA) G2012B geoid model for Hawai'i
and then applied Helmert transforms (e.g., Watson, 2006) for final
conversion to UTM Zone 5 N coordinates with WGS84 ellipsoid heights
in the G2139 realization. We mosaicked the reprojected DEM tiles to
produce a final pre-event LiDAR DEM composite (see Henderson et al.
(2026) for full processing details).

The post eruption topography data set was produced using three
Maxar WorldView-2 (catalog ids: 10300100EB428000,
10300100EB76E500, 10300100EA132300, 10300100EB71A800) and
WorldView-3 (catalog ids: 10400100878CFF00, 1040010088200700)
stereo pairs collected on 2 July and 1 August 2023 (Table 1). We inde-
pendently processed the panchromatic bands of each stereo pair using
the open-source NASA Ames Stereo Pipeline (ASP) software (Beyer et al.,
2018; Shean et al., 2016), version 3.5.0_alpha (Alexandrov et al., 2024)
to derive three DEMs at 2 m/pixel horizontal resolution following the
methods outlined in Bhushan et al. (2024). All DEMs were also produced
in the G2139 realization of the WGS84 UTM Zone 5 N coordinate system
to allow for direct comparison with the pre-event LiDAR DEM com-
posite. We then co-registered the three optical image-derived DEMs to
the pre-event LiDAR-derived reference DEM composite following (Nuth
and Kadb., 2011) algorithm. We restricted the co-registration control
points to surfaces that were not affected by the lava flow. We mosaicked
the co-registered stereo DEMs into a single post-event DEM composite
using the weighted average algorithm in ASP's DEM mosaic utility.

Finally, we estimated elevation change by subtracting the pre-event
LiDAR DEM from the post-event optical DEM composite. We extracted
the elevation change values over the lava flow path to produce the lava
flow thickness maps. Points over areas not affected by lava flow were
also used as check points to estimate the accuracy of the elevation
change and lava flow thickness maps. Volumetric error was calculated
following the methods described in Carr et al. (2019).

3. Results
3.1. Eruption thermal trends

The ASTER TIR sensor has been acquiring data for over 25 years and
regularly images the volcanoes of Hawai'i on every day and night
overpass providing an average of one scene per week. The ASTAD-ML
results identified anomalous thermal features during the entire obser-
vation period corresponding to baseline thermal activity indicative of
Mauna Loa (Fig. 2). A variety of thermal features that stand out from the
background temperature trend have previously been noted in ASTER
images collected from 2000 to 2010, including several elevated tem-
perature locations in the caldera and along the rift zones (Patrick and
Witzke, 2011).

On 22 October 2022, a pre-eruption subtle thermal increase above
that of the longer-term persistent thermal features was identified within
the Mauna Loa caldera by ASTAD-ML (Fig. 2). This increase in heat flux
of <0.5 MW was during the same period when seismicity increased
(Lynn et al., 2024) and could likely have been produced by a change in
the hydrothermal system with higher degassing/heat flow from the fu-
maroles and existing caldera floor fissures. The concentration of pre-
eruption thermal anomalies along the northwestern caldera wall
(Fig. 3a) aligns with previously noted fumarole activity in the area
(Casadevall and Hazlett, 1983; Patrick and Witzke, 2011). Specifically,
the Oasis steam vent that was situated in the wall of Moku‘aweoweo
caldera identified in Casadevall and Hazlett (1983). The majority of
thermally elevated pixels are associated with the caldera wall, however,
several pixels overlap with the west caldera floor unit from Patrick and
Witzke (2011), which is an ~230 m diameter area of alteration deposits
that has previously been identified as having persistent temperatures
above background. Notably, this cluster of pixels (Fig. 3a) are identified
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Fig. 2. (a) ASTER time series and pre-eruptive sequence using ASTAD-ML (Corradino et al., 2023) and (b) warning index (Ramsey et al., 2023). In (a) the red dashed
line indicates the start of the eruption, the green and blue lines indicate a statistically significant increase in thermal activity for the 94% and 95% quartile,
respectively. The heat flux is calculated based on the thermally elevated pixels identified by ASTAD-ML.

Fig. 3. Pre-, syn-, and post-eruption ASTER scenes. (a) Pre-eruption thermal activity identified by the ASTAD-ML within the caldera of Mauna Loa on 22 November
2022, daytime scene. Pixels in orange have elevated temperatures above the average background temperature; base image is ASTER Band 13. (b) Syn-eruption
nighttime scene from 4 December 2022, displaying the entire flow field. Post-eruption nighttime scenes, (c) 6 February 2022, (d) 9 March 2023, and (e) 21
November 2023. Panels b-e are all displayed using bands 10-12-14 in RGB combination. White arrows indicate regions that are thermally elevated above back-

ground. All images are orientated with North to the top.

by the ML model as anomalous because they are above that of the long
term thermally elevated zone. This area was clearly heating up prior to
the eruption. A post-eruptive cooling phase at the summit is observed
from the net decrease in the derivative signal observable from 11
December 2022 onward. The 11 December 2022 and 4 January 2023
points correspond to the existing flows and their heat flux released on
those days (Fig. 2).

Two cloud-free ASTER TIR scenes, 4 December 2022 (daytime) and 6
December 2022 (nighttime), were acquired during the two week long
eruption (Fig. 2). After the eruption ended, areas of all the lava flows
remained thermally elevated above background until the end of January
2023, ~2 months after the eruption ended (Fig. 3). The first flows to cool
to background temperature were those emplaced in the SWRZ and those
from Fissures 1 and 2 in early February 2023, ~3 months after the
eruption ended (Fig. 3c). The caldera and Fissure 4 flows were next to
cool to background temperature ~ 4 months are the eruption ended in
early March 2023 (Fig. 3d). The distal end of the channelized lava flow
from Fissure 3 remained thermally elevated until 29 September 2024,
~21 months after the eruption ended (Fig. 3e). The maximum temper-
ature values for the syn- and post-eruption periods (from 4 December
2022 to 14 April 2024) show an exponential decrease in temperature.

This is consistent with the observations of the eruption using data from
the Visible Infrared Imaging Radiometer Suite (VIRIS) (Aveni et al.,
2025), which has a higher temporal (VIRIS daily and ASTER 3-16 days)
but a lower spatial resolution (VIRIS 375 m/pixel and ASTER 90 m/
pixel) than ASTER.

3.2. Mauna loa eruption: area, volume, and flow front areal coverage rate

The 2022 Mauna Loa eruption produced lava flows and vents
covering an area of 35.7 km? and a volume of 0.13 + 0.01 km? (Fig. 1a).
The thickest regions of the flow (~20-30 + 0.27 m) occur in the medial
and distal regions of the Fissure 3 channelized lava flow (Fig. 1b). The
lava flows in the SWRZ, caldera, and Fissures 1 and 2 have flow thick-
nesses <5 + 0.27 m (Fig. 1c and d, Fig. 4). Lava flows from Fissure 4 are
<10 + 0.27 m thick throughout the entire flow field (Fig. 1a). Fissure 3
was the only fissure to produce a substantial constructed vent that
covers an area of 0.04 km?, has a volume of 5.24 x 10° + 1.3 x 10* m®.
The vent walls have a maximum height of ~29 m and a maximum
thickness of ~60 m. The surface texture and morphology of the vent
suggest a spatter cone, with a comparable morphology to spatter cones
formed during the 2021 Fagradalsfjall, Iceland, eruption (Flynn and
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Fig. 4. Flow thickness uncertainty estimates. (a) Map-view plot of elevation residual between the post-event stereo DEM and the pre-event LIDAR DEM over areas
not affected by the 2022 eruption lava flows. (b) Histogram of the elevation residual shown in (a), as well as the mean, median, standard deviation, and normalized
median absolute deviation (NMAD) values.

Rader, 2024).
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November the lava flow advanced from the Fissure 3 vent ~14 km
(~80% of its full flow length) (Fig. 5). From 30 November until the end
of the eruption, the flow advanced another ~4 km, reaching its final
length of ~18 km on 10 December. During this eleven-day period, the
average flow front areal coverage rate was 0.27 km?/day. The largest
areal coverage rate of 0.81 kmz/day (33.8 m/h) occurred from 30
November to 1 December (Fig. 5b). For the same observation period, 30
November to 1 December, a flow areal coverage rate of 24 m/h was
reported (U.S. Geological Survey, 2022).

4. Discussion

We have demonstrated that combining multiple satellite datasets can
be used to better monitor lava flow front progression, calculate volu-
metric change, and correlate thermal trends with physical volcanolog-
ical features. This analysis was performed retrospectively; however, the
Planet and Maxar/Vantor data are available to users rapidly (<24 h after
acquisition) to incorporate into near real-time hazard response. As part
of a future eruption, the workflow presented here could be used to
monitor subtle thermal changes prior to an eruption, inform hazard
response in near real time during an eruption, reduce the risk/need/cost
of helicopter-based or uncrewed aerial vehicle (UAV) overflights, pro-
vide synoptic data not possible with drones, and/or calibrate numerical
flow models. For example, the usefulness of incorporating satellite data
into real-time lava flow hazard modeling was demonstrated for this
eruption using the Lava2d model (Hyman et al., 2024). Chevrel et al.
(2023) has also demonstrated the usefulness of incorporating Planet
data (i.e., PlanetScope scenes) into the daily monitoring of lava flows for
Piton de la Fournaise.

For this study, we also generated a flow thickness map after the
eruption ended using Maxar WorldView-2/3 in-track steroscopic scenes
(Table 1). However, this same DEM generation approach could be used
with either Maxar/Vantor or Planet Skysat/Planetscope individual
scenes with the proper viewing geometries during an active eruption to
generate syn-eruption topographic datasets, if the scenes have the right
viewing geometry and are not obscured by clouds or volcanic plumes.
The presence of clouds or volcanic plumes is a common issue for
generating DEMs using stereo-images over volcanoes (Flynn et al., 2024;
Ramsey and Flynn, 2020). However, the frequency of these data greatly
increases the likelihood of clear scenes. Furthermore, the requirement of
specific viewing geometries can be addressed by tasking the satellite
observations for in-track stereo imagery, an option offered by Planet
Skysat, Maxar/Vantor and Airbus/CNES Pleiades-HR and has previously
been used to generate DEMs at volcanoes around the world (Bhushan
et al.,, 2021; Palaseanu-Lovejoy et al., 2019). The importance of
acquiring syn-eruption DEMs for lava flow progression and hazard
modeling has been demonstrated in recent studies (e.g., Pedersen et al.,
2023; Tarquini et al., 2018). The evolving near-vent topography and
lava emplacement may change flow pathways during an active eruption.
This will result in discrepancies between initial model results and
observed lava pathways, requiring frequent syn-eruption observations.
Whether flow pathways change or not, accurate flow modeling of
thinner flows still requires high-accuracy, high-resolution observation
constraints (Flynn et al., 2023b; Roman and Lundgren, 2025). Very high
resolution (VHR) optical stereo imagery offers the potential to address
both requirements through rapid satellite tasking capabilities and the
geometric precision, as demonstrated through our flow thickness prod-
ucts. For instance, our flow thickness products derived from VHR sat-
ellite stereo and airborne LiDAR DEMs achieve 27 cm NMAD and 35 cm
standard deviation accuracy (Fig. 4). This elevation change accuracy is
well within the 1 m requirement for flow modeling proposed in Roman
and Lundgren (2025), even without post-processing smoothing filters
(Richardson and Karlstrom, 2019). Given the potential rapid acquisition
and availability of commercial satellite datasets that can be used to
generate syn-eruption DEMs, this resource could be incorporated into
future hazard response. Particularly in locations where DEMs generated
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from UAV or helicopter surveys may not be feasible daily because of
costs or local conditions.

A distinct advantage of the Planet and Maxar/Vantor satellite con-
stellations for active eruption monitoring is the high temporal resolution
VNIR data acquisition. This comes from either the size of the satellite
constellation (i.e., Planet) or from having targeted observations (i.e.,
Maxar/Vantor). Incorporating Planet data into our analysis enabled four
additional observations of the flow front advance (Fig. 5 and Table 1). If
we only utilized Landsat 8 and Sentinel 2 data, we would have just two
observations of the flow front and would not have been able to measure
variations in the flow front areal coverage rate (Fig. 5). Furthermore, we
would not have been able to determine that ~80% of the Fissure 3
channelized lava flow was emplaced in the first 48 h of the eruption
starting in the NERZ. This highlights the advantages of satellite data
synergy, and high spatial and temporal resolution datasets are for vol-
cano monitoring and response.

4.1. Thermal trends and flow thickness correlations

The thermal trends derived from the ASTAD-ML model identified a
period of increasing thermal output within the caldera prior to the
eruption, during the same time as higher seismic activity. These tem-
peratures dropped slightly before the eruption and then increased
several times following its start (Fig. 2). After the eruption ended on 10
December, the lava flows cooled to background temperatures at
different rates, correlating with the thickness of each flow unit. The thin
flows (<5 m) from the SWRZ and Fissure 1 and 2 cooled first, ~3 months
after the eruption ended. Next the caldera and Fissure 4 flows (~5 m to
~10 m) took ~4 months to cool to background temperature. The
thickest regions (~20 m) of the flow from Fissure 3, medial and distal
flow regions, remained thermally elevated for ~21 months. This cooling
trend is consistent with past studies that showed elevated thermal sig-
natures as long as ~40 years after the 1975 Great Tolbachik Fissure
Eruption (GTFE), Russia, for a ~ 50 m thick channelized lava flow
(Ramsey et al., 2019; Wessels et al., 2005). However, the high spatial
resolution of the post-eruption flow thickness map (Fig. 1), and mod-
erate temporal and spatial resolution of ASTER thermal data enables the
correlation of cooling rates to specific regions of the flow. This would not
be possible with lower spatial resolution topography or thermal data.
Measuring the cooling rates and flow thickness (even for flows that have
stopped advancing) is important for safety and petrological studies.
Furthermore, it can help constrain the modeled rates of lava flow cooling
and potential observation of volcanic activity on other planets (e.g., lo
and Venus) (Davies et al., 2005; Ganesh et al., 2024; Widemann et al.,
2023).

4.2. Lava flow emplacement timeline

Combining multiple satellite datasets enabled high temporal obser-
vations of the Fissure 3 lava flow. This analysis would not have been
possible without data provided through the NASA CSDA program. The
areal coverage rate for the Fissure 3 lava flow supports previous ob-
servations that channelized lava flows primarily form in the early days
of an eruption during periods of higher effusion (Gregg, 2017; Harris
and Neri, 2002; Rowland et al., 2005). However, unlike previous studies
we were able to quantify this observation with satellite datasets. Nearly
80% of the Fissure 3 NERZ channelized lava flow was emplaced within
the first 48 h after the start of the eruption. The remainder was emplaced
in the last eleven days of the eruption, and the areal coverage rate fol-
lowed a nearly exponential decrease (Fig. 5). This pattern in flow areal
coverage rate is also consistent with the observed exponential decrease
volcanic radiative power for the eruption using VIIRS data (Aveni et al.,
2025). In addition, the rapid emplacement of the Fissure 3 channelized
lava flow is consistent with past observations of effusive eruptions that
produced channelized flows at Mauna Loa (Riker et al., 2009). Our re-
sults build on the previous studies by providing a quantitative
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percentage of how much of an individual channelized lava flow is
emplaced at the start of an eruption. Quantifying the emplacement rate
of a terrestrial lava flow is important for future volcano monitoring
(Ramsey et al., 2022) and hazard response protocols (Gottsmann et al.,
2017). In addition, quantifying emplacement times for terrestrial
channelized lava flows can help constrain our understanding of how
channelized lava flows may be emplaced on other planets (e.g., Venus
and Mars) (Flynn et al., 2022; Flynn et al., 2023a; Glaze et al., 2009;
Widemann et al., 2023).

5. Conclusions

We have demonstrated the usefulness of satellite data synergy
retrospectively to monitor an ongoing effusive eruption. Using data from
existing commercial and publicly available orbital data, we identified an
increase in thermal output prior to the start of the eruption, generated a
lava flow thickness map, measured the flow front areal coverage rate for
the Fissure 3 channelized lava flow, and investigated the thermal trends
of those lava flows following cessation of the 2022 Mauna Loa eruption.
The high temporal and spatial resolution of the commercial satellite
datasets are uniquely suited for monitoring and responding to active
eruptions. In contrast to prior studies that have used multiple datasets to
investigate volcanic activity (e.g., Furtney et al., 2018; Galetto et al.,
2025b; Ganci et al., 2020; Reath et al., 2016), we leverage commercial
datasets combined with TIR data from public constellations to monitor
the advancing lava flow front and correlate flow thickness with thermal
trends.

Applying the ASTAD-ML model to part of the ASTER TIR time series
identified a thermal increase precursory to the start of the eruption. This
occurred during the same time as the increased seismicity at Mauna Loa
perhaps indicating a change in the hydrothermal system below the
caldera and a connection to the rising magma. The ASTER TIR sensor has
now ended after an unprecedented 26 years in orbit, however there is a
similar instrument with higher spatial resolution currently active on the
International Space Station (ISS) — the Ecosystem Spaceborne Thermal
Radiometer Experiment on Space Station (ECOSTRESS). Data from
ECOSTRESS could be used to fill the TIR gap left by ASTER until new TIR
missions are launched. These new missions include the Thermal infrared
Imaging Satellite for High-resolution Natural resource Assessment
(TRISHNA) mission by the French and Indian space agencies (Lagouarde
et al., 2018), the Land Surface Temperature (LSTM) mission planned by
the European Space Agency (ESA) as part of their Copernicus Sentinel
system (Koetz et al., 2018), as well as the U.S. and Italy Surface Biology
and Geology (SBG) mission (Thompson et al., 2023) and the Landsat
Next missions (Portela et al., 2025). However, several of these U.S.
missions are threatened by budget cuts and their launch dates are now
uncertain. Upcoming missions from commercial companies seeking to
provide high-resolution thermal imagery using a tasking-based
approach (e.g., HydroSat and FireSat) might provide opportunities for
improving our understanding of volcanic processes at finer spatial
scales. However, these missions are still in development, and the yet-to-
be scientifically vetted calibration quality of the new commercial of-
ferings will determine their usability in rigorous time series analysis.

Complementing thermal observations, future topography time series
data from the under-development Surface Topography and Vegetation
mission concept (Donnellan et al., 2021) could provide updated topog-
raphy maps before and after volcanic eruptions. Accurate and high
spatial resolution topography data is critical for volcanic hazard
modeling and quantifying eruptive volumes (e.g., Flynn et al., 2023b;
Galetto et al., 2025b; Roman and Lundgren, 2025). Supplemented with
more rapid topography measurements from tasked commercial acqui-
sitions, this could potentially allow detailed studies of lava flow thick-
ness progression and surface changes throughout the eruption cycle.
This case study of the 2022 Mauna Loa eruption highlights the need to
further develop integrated approaches leveraging both commercial and
publicly available orbital datasets spanning thermal, topographic, and
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other remote sensing modalities for comprehensive volcanic monitoring
and eruption response.
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