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ABSTRACT
Interferometric techniques using radar signals to map the elevation of the Earth´s surface or
temporal differences in topography have surged in applications over the last few years. Satellite
interferometry, using successive radar images of the Earth's surface, are now routinely used to
monitor subsidence of sedimentary basins due to water or oil extraction. Similar interferometric
instrumentation is now also available to be mounted in drones at relatively low elevation,
allowing a very dense cloud of observations leading to a very high spatial resolution. One of the
main challenges of an on-site inspection (OSI) is the rapid location of the potential test site
within a relatively large area of 1,000 km2. For this purpose, a number of geophysical
techniques have been proposed for use at Entry into Force during an OSI. Here, we propose,
and demonstrate, using the case of the nuclear test on 3 September 2017 of the Democratic
People´s Republic of Korea (DPRK), that with the current availability of open-source, radar
satellite imagery, the location of the suspected test site is clearly revealed by subsidence of the
ground surface caused by the collapse of the eastern flank of Mount Mantap (elevation 2,205
m), under which the nuclear test took place. The deformation observed in Mount Mantap forms
a crescent shape zone of subsidence that is clearly revealed using interferometric techniques.
Thus, openly available satellite interferometric images (InSAR), such as SENTINEL-1, may be
used to rapidly identify, as first order mapping, the location of a suspected test site where the
inspectors on land may conduct further and more detailed geophysical mapping.

WHY USE SATELLITE INTERFEROMETRY DURING AN OSI?
Article IV of the Comprehensive Test Ban Treaty (CTBT) mandates inspectors to collect
information directly on site, at the suspected site of a nuclear explosion, to confirm whether or
not a nuclear test has been carried. The challenge that OSI inspectors face is to find solid
evidence of the potential nuclear test in a relatively large area of 1,000 km2. The epicentral
locations of the International Data Centre (IDC) have improved with the installation of more
stations of the International Monitoring System (IMS) and more accurate Earth models, as
attested by the error ellipses of the six DPRK nuclear tests (see Figure 1). Nevertheless, the
last nuclear test conducted by the DPRK in 2017 shows an error ellipse of approximately 10 km
radius in an area of rugged topographic relief, presenting a challenge to any potential
inspection team. Underground nuclear tests frequently cause surface collapses which can be
mapped using only two successive satellite images taken prior and after the event, as we
demonstrate for the 3 September 2017 explosion. InSAR may provide OSI inspectors with a
rapid and accurate location at the beginning of an OSI, that would give them more time, within
the 60 days allowed by the Treaty, to collect information to unequivocally confirm or deny the
presence of a nuclear explosion in the suspected area.

METHODOLOGY USED IN THE ANALYSIS

The Sentinel-1 Mission
The SENTINEL-1 mission is an European initiative of radar imaging designed to operate
with short revisit times and rapid product delivery. The Synthetic Aperture Radar (SAR)
onboard has the advantage of operating at wavelengths not impeded by cloud cover. It is
composed of a constellation of two satellites, SENTINEL-1A and SENTINEL-1B, which
orbit the Earth on a near polar orbit. The revisiting time today, for the SENTINEL-1 system,
is approximately one week.

InSAR: Interferometric Synthetic Aperture Radar
InSAR measures signal phase differences between two images acquired over the same
area, at different revisiting times. If a point on the Earth’s surface changes its location, the
distance between the satellite and that point modifies the phase value of the signals
recorded. An interferogram is a graphical representation of these differences of phase
values. Using the technique know as Differential Interferometry (DinSAR) we can
compensate the topographic effects, the atmospheric and decorrelation noise effects using
several images over a certain time interval.

Mapping the 3 September 2017 DPRK Nuclear Test
On 3 September 2017 the DPRK detonated its sixth nuclear device. The equivalent

magnitude of the 2017 test was estimated by the IDC as Mw 6.1, corresponding to a yield
that may be as large as 250 kt (e.g., Zerbo, 2017). The epicentral location of the IDC
places it near Mount Mantap test site, where the five previous tests were conducted.
Pabian and Koblenz (2017) and Wang et al. (2018) used radar images of the TerraSAR-X,
high resolution satellite imagery with a pixel resolution of 1 m . They determined horizontal
motion of the ground of up to 0.5 m, associated with the North Korean nuclear test.

We test the use of SENTINEL-1 images, distributed by the European Space Agency that
are openly available. Although there are commercial satellites that produce radar scenes
with a higher resolution, we use the 11 m-pixel resolution images of SENTINEL-1 in order
to emphasize the possibility of using openly available data at the early stages of an OSI.

Results of the InSAR Analysis
We used two radar images bracketing the test of 3 September: one on 28 August 2017

and the other on 19 September 2017, the short time baseline of only 12 days guarantees
coherence of the phase data and the accuracy of the interferogram. We used the SNAP
toolbox (Sentinel Application Platform) to calculate the interferogram. The resulting
interferogram shows a crescent shape subsidence on the eastern part of the image (see
Figure 2). The subsidence reaches a maximum value of approximately 0.4 meters. When
compared to the topography of the site, this crescent-shaped subsidence shows that the
eastern flank of Mount Mantap collapsed (Figure 3). The collapsed area is to the east of
the ISC location. The collapse of Mount Mantap suggests that the test was conducted
under Mount Mantap and located about two kilometers from the tunnel entrance. The
nuclear test presumably took place beneath the area of highest elevation of Mt. Mantap,

causing the collapse of its western flank. Although the nuclear test took place beneath the
large overburden of Mount Mantap, probably 800 m beneath the summit of the mountain, at the
same level of the tunnel entrance, the size of the explosion caused sufficient stress to promote
the subsidence of the western flank of the mountain. Further evidence of the collapse comes
from a swarm of shallow earthquakes that followed the nuclear test eight minutes later Tian et
al. (2018). A second feature showing subsidence of 0.4 m lies to the east of the slumping of
Mount Mantap. It is possible that this secondary sliding on the mountain to the east of Mount
Mantap.

Figure 1. Epicentral locations of the six suspected nuclear tests conducted by the DPRK
in 2009, 2013, 2016 and the last one analyzed here on 3 September 2017. Notice that the
error ellipses of the ISC locations show an improvement over time, as better Earth models
and more IMS stations are used in the analysis. Nevertheless, the error ellipses reflect a
relatively large area that OSI inspectors need to survey.

Figure 2. Resulting interferogram estimated from two SENTINEL-1 images: the first
taken on 28 August 2017 and the second one, bracketing the nuclear test, on 19
September 2017. The results show a crescent-shaped zone of deformation that reaches
an average of 0.4 m.

Figure 3. Interferogram shown against the topographic relief of the area. The zone of
largest ground deformation is on the eastern flank of Mt. Mantap. Apparently, the test
took place to the north of the tunnel portal at a depth of approximately 800 m beneath
the summit of Mount Mantap.
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SUMMARY AND CONCLUSIONS

1. The ground deformation caused by the 3 September 2017 nuclear explosion in the
DPRK was clearly observed based on interferograms produced by radar images of the
SENTINEL-1 constellation of satellites.

2. The interferometric data show a main, crescent-shaped collapse of the eastern flank of
Mount Mantap, under which the test was conducted, that collapsed a few minutes after
the test. The subsidence of the eastern flank of Mount Mantap was approximately 0.4 m.

3. A second subsidence feature lies to the east of the main collapse. It appears the
eastern extension of Mt. Mantap also collapsed. The subsidence is also 0.4 m.

4. A swarm of small earthquakes in this area confirms that the collapse took place about
eight minutes after the test.

5. Our results show that the use of interferometric techniques available openly, in a similar
manner to open source, may be a very useful tool in an OSI to guide the detailed
geophysical work necessary to confirm the presence of a nuclear explosion
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within 250 m of two location estimates for the fourth nuclear
test. This proximity might have played a role in that localized
slippage or subsidence. The purple star near the peak marks the
geolocation (NORSAR, 2017). The black star barely visible
around the southwestern corner marks the geolocation, as de-
termined by seismic researchers at the University of Rhode Is-
land (URI; Wei, 2017b).

The 3D displacement at the test site is shown in Figure 3,
using a Google Earth overlay that shows that the movement
occurred in three directions (west–east, south–north, and
down–up). The arrows indicate the direction and magnitude
of the horizontal movement, and different colors represent ver-
tical movement (warm colors subsidence, cool colors uplift).
Most significantly, the area that we have identified as a zone
of localized slippage or subsidence is the area that has been
shown to have had the greatest amount of both horizontal
and downward motion.

Figure 4 provides further support that the sixth nuclear
test occurred directly under Mt. Mantap, in that it also shows
that the overall displacements were centralized on the moun-
tain and that the opposing movements were on either side of
the mountaintop. Figure 4, also overlain on Google Earth, was
created at the URI (Wei, 2017b) via interferometric processing
of radar imagery (Interferometric Synthetic Aperture Radar
[InSAR]). The radar imagery pair was acquired on 27 July
2017 and 7 September 2017 from the Japan Aerospace and
Exploration Agency’s Advanced Land Observing Satellite 2

(ALOS-2). The ALOS-2 radar data were obtained via a satel-
lite that flew northward while looking northeastward (which
was the opposite of the directions associated with the Terra-
SAR-X imaging). Pixels with correlation less than 0.1 were
masked where the mountain is showing through the overlay.
The color scale is in centimeters; the areas shaded in purple and
blue represent ground movement toward the satellite, and
those shaded in red indicate movement away from the satellite.

Researchers at the James Martin Center for Nonprolifera-
tion Studies (Dill et al., 2017) presented a unique comparative
motion graphic (derived from some of the same TerraSAR-X
radar imagery as discussed above). The image pair used for this
analysis was 26 August 2017 (pretest) and 6 September 2017
(post-test); it provided additional evidence of significant
ground motion and the notion that the sixth test explosion
occurred within the tunnel complex under Mt. Mantap. The
ground displacement showed evidence for a broadscale sub-
sidence of the peak of Mt. Mantap. Close inspection of that
comparison motion graphic indicates that the more pro-
nounced deformations took place above and all along the geo-
logic boundary (“nonconformity”) in the upper 200 m of the
mountain that was comprised of stratified volcanic deposits
(e.g., volcanic ash); they did not take place in the more solid
underlying basement host rock consisting of granite or diroite
(where the nuclear explosive device would have been em-
placed). This suggests that the detected broadscale subsidence
was most likely a result of a downward compression of those
volcanic layers that followed the initial upward shock.

▴ Figure 3. A TerraSAR-X satellite-based radar-derived graphic
showing 3D displacement from the sixth test, as overlain on Google
Earth. It provides information on movements along three azimuths
(west–east, south–north, and down-up). The arrows indicate the di-
rection and magnitude of the horizontal movement, and different col-
ors represent vertical movement (warm colors subsidence and cool
colors uplift). Most significantly, the red dots in and near the area
identified as a zone of subsidence represent the greatest downward
movement, and the long arrows indicate the greatest amounts of
horizontal offset. Source: Teng Wang and Mahdi Motagh.

▴ Figure 2. A TerraSAR-X satellite-based radar-derived graphic
showing range offsets (displacement) in meters, arising from the
sixth test overlain on Google Earth. The satellite was on descending
passes with a southwest-oriented line of sight (LoS). The color scale
is in meters, in which red represents ground movement away from
the satellite along the radar LoS in the southwest direction. This
graphic shows that the most significant movement took place in op-
posite directions, away from the center of Mt. Mantap. Displace-
ments are measured through a descending satellite track, which
is a satellite flying from north to south, looking to the left or south-
westward (T. Wang and M. Motagh, personal comm., 2017).
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the deformation of Mount Mantap test site in the 
DPRK from the Sentinel-1 mission that have a 
lower resolution? ADVANTAGE: Open Source

• How will these results compare with those 
obtained with higher resolution images from the 
Terra SAR X satellites?

• Could InSAR and other interferometric 
techniques using open source data and 
processing modules be of use for future OSI?
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Difference Between High-Resolution Terra SAR 
X Imagery and Sentinel 1: Mexico City Airport

Sentinel-1 Mission:
C-Band:  5.56 cm wavelength
Resolution: 13 m

Terra SAR X
X-Band:  3 cm wavelength
Resolution: 3 m
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ABSTRACT
Interferometric techniques using radar signals to map the elevation of the Earth´s surface or
temporal differences in topography have surged in applications over the last few years. Satellite
interferometry, using successive radar images of the Earth's surface, are now routinely used to
monitor subsidence of sedimentary basins due to water or oil extraction. Similar interferometric
instrumentation is now also available to be mounted in drones at relatively low elevation,
allowing a very dense cloud of observations leading to a very high spatial resolution. One of the
main challenges of an on-site inspection (OSI) is the rapid location of the potential test site
within a relatively large area of 1,000 km2. For this purpose, a number of geophysical
techniques have been proposed for use at Entry into Force during an OSI. Here, we propose,
and demonstrate, using the case of the nuclear test on 3 September 2017 of the Democratic
People´s Republic of Korea (DPRK), that with the current availability of open-source, radar
satellite imagery, the location of the suspected test site is clearly revealed by subsidence of the
ground surface caused by the collapse of the eastern flank of Mount Mantap (elevation 2,205
m), under which the nuclear test took place. The deformation observed in Mount Mantap forms
a crescent shape zone of subsidence that is clearly revealed using interferometric techniques.
Thus, openly available satellite interferometric images (InSAR), such as SENTINEL-1, may be
used to rapidly identify, as first order mapping, the location of a suspected test site where the
inspectors on land may conduct further and more detailed geophysical mapping.

WHY USE SATELLITE INTERFEROMETRY DURING AN OSI?
Article IV of the Comprehensive Test Ban Treaty (CTBT) mandates inspectors to collect
information directly on site, at the suspected site of a nuclear explosion, to confirm whether or
not a nuclear test has been carried. The challenge that OSI inspectors face is to find solid
evidence of the potential nuclear test in a relatively large area of 1,000 km2. The epicentral
locations of the International Data Centre (IDC) have improved with the installation of more
stations of the International Monitoring System (IMS) and more accurate Earth models, as
attested by the error ellipses of the six DPRK nuclear tests (see Figure 1). Nevertheless, the
last nuclear test conducted by the DPRK in 2017 shows an error ellipse of approximately 10 km
radius in an area of rugged topographic relief, presenting a challenge to any potential
inspection team. Underground nuclear tests frequently cause surface collapses which can be
mapped using only two successive satellite images taken prior and after the event, as we
demonstrate for the 3 September 2017 explosion. InSAR may provide OSI inspectors with a
rapid and accurate location at the beginning of an OSI, that would give them more time, within
the 60 days allowed by the Treaty, to collect information to unequivocally confirm or deny the
presence of a nuclear explosion in the suspected area.

METHODOLOGY USED IN THE ANALYSIS

The Sentinel-1 Mission
The SENTINEL-1 mission is an European initiative of radar imaging designed to operate
with short revisit times and rapid product delivery. The Synthetic Aperture Radar (SAR)
onboard has the advantage of operating at wavelengths not impeded by cloud cover. It is
composed of a constellation of two satellites, SENTINEL-1A and SENTINEL-1B, which
orbit the Earth on a near polar orbit. The revisiting time today, for the SENTINEL-1 system,
is approximately one week.

InSAR: Interferometric Synthetic Aperture Radar
InSAR measures signal phase differences between two images acquired over the same
area, at different revisiting times. If a point on the Earth’s surface changes its location, the
distance between the satellite and that point modifies the phase value of the signals
recorded. An interferogram is a graphical representation of these differences of phase
values. Using the technique know as Differential Interferometry (DinSAR) we can
compensate the topographic effects, the atmospheric and decorrelation noise effects using
several images over a certain time interval.

Mapping the 3 September 2017 DPRK Nuclear Test
On 3 September 2017 the DPRK detonated its sixth nuclear device. The equivalent

magnitude of the 2017 test was estimated by the IDC as Mw 6.1, corresponding to a yield
that may be as large as 250 kt (e.g., Zerbo, 2017). The epicentral location of the IDC
places it near Mount Mantap test site, where the five previous tests were conducted.
Pabian and Koblenz (2017) and Wang et al. (2018) used radar images of the TerraSAR-X,
high resolution satellite imagery with a pixel resolution of 1 m . They determined horizontal
motion of the ground of up to 0.5 m, associated with the North Korean nuclear test.

We test the use of SENTINEL-1 images, distributed by the European Space Agency that
are openly available. Although there are commercial satellites that produce radar scenes
with a higher resolution, we use the 11 m-pixel resolution images of SENTINEL-1 in order
to emphasize the possibility of using openly available data at the early stages of an OSI.

Results of the InSAR Analysis
We used two radar images bracketing the test of 3 September: one on 28 August 2017

and the other on 19 September 2017, the short time baseline of only 12 days guarantees
coherence of the phase data and the accuracy of the interferogram. We used the SNAP
toolbox (Sentinel Application Platform) to calculate the interferogram. The resulting
interferogram shows a crescent shape subsidence on the eastern part of the image (see
Figure 2). The subsidence reaches a maximum value of approximately 0.4 meters. When
compared to the topography of the site, this crescent-shaped subsidence shows that the
eastern flank of Mount Mantap collapsed (Figure 3). The collapsed area is to the east of
the ISC location. The collapse of Mount Mantap suggests that the test was conducted
under Mount Mantap and located about two kilometers from the tunnel entrance. The
nuclear test presumably took place beneath the area of highest elevation of Mt. Mantap,

causing the collapse of its western flank. Although the nuclear test took place beneath the
large overburden of Mount Mantap, probably 800 m beneath the summit of the mountain, at the
same level of the tunnel entrance, the size of the explosion caused sufficient stress to promote
the subsidence of the western flank of the mountain. Further evidence of the collapse comes
from a swarm of shallow earthquakes that followed the nuclear test eight minutes later Tian et
al. (2018). A second feature showing subsidence of 0.4 m lies to the east of the slumping of
Mount Mantap. It is possible that this secondary sliding on the mountain to the east of Mount
Mantap.

Figure 1. Epicentral locations of the six suspected nuclear tests conducted by the DPRK
in 2009, 2013, 2016 and the last one analyzed here on 3 September 2017. Notice that the
error ellipses of the ISC locations show an improvement over time, as better Earth models
and more IMS stations are used in the analysis. Nevertheless, the error ellipses reflect a
relatively large area that OSI inspectors need to survey.

Figure 2. Resulting interferogram estimated from two SENTINEL-1 images: the first
taken on 28 August 2017 and the second one, bracketing the nuclear test, on 19
September 2017. The results show a crescent-shaped zone of deformation that reaches
an average of 0.4 m.

Figure 3. Interferogram shown against the topographic relief of the area. The zone of
largest ground deformation is on the eastern flank of Mt. Mantap. Apparently, the test
took place to the north of the tunnel portal at a depth of approximately 800 m beneath
the summit of Mount Mantap.
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SUMMARY AND CONCLUSIONS

1. The ground deformation caused by the 3 September 2017 nuclear explosion in the
DPRK was clearly observed based on interferograms produced by radar images of the
SENTINEL-1 constellation of satellites.

2. The interferometric data show a main, crescent-shaped collapse of the eastern flank of
Mount Mantap, under which the test was conducted, that collapsed a few minutes after
the test. The subsidence of the eastern flank of Mount Mantap was approximately 0.4 m.

3. A second subsidence feature lies to the east of the main collapse. It appears the
eastern extension of Mt. Mantap also collapsed. The subsidence is also 0.4 m.

4. A swarm of small earthquakes in this area confirms that the collapse took place about
eight minutes after the test.

5. Our results show that the use of interferometric techniques available openly, in a similar
manner to open source, may be a very useful tool in an OSI to guide the detailed
geophysical work necessary to confirm the presence of a nuclear explosion
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Interferometric techniques using radar signals to map the elevation of the Earth´s surface or
temporal differences in topography have surged in applications over the last few years. Satellite
interferometry, using successive radar images of the Earth's surface, are now routinely used to
monitor subsidence of sedimentary basins due to water or oil extraction. Similar interferometric
instrumentation is now also available to be mounted in drones at relatively low elevation,
allowing a very dense cloud of observations leading to a very high spatial resolution. One of the
main challenges of an on-site inspection (OSI) is the rapid location of the potential test site
within a relatively large area of 1,000 km2. For this purpose, a number of geophysical
techniques have been proposed for use at Entry into Force during an OSI. Here, we propose,
and demonstrate, using the case of the nuclear test on 3 September 2017 of the Democratic
People´s Republic of Korea (DPRK), that with the current availability of open-source, radar
satellite imagery, the location of the suspected test site is clearly revealed by subsidence of the
ground surface caused by the collapse of the eastern flank of Mount Mantap (elevation 2,205
m), under which the nuclear test took place. The deformation observed in Mount Mantap forms
a crescent shape zone of subsidence that is clearly revealed using interferometric techniques.
Thus, openly available satellite interferometric images (InSAR), such as SENTINEL-1, may be
used to rapidly identify, as first order mapping, the location of a suspected test site where the
inspectors on land may conduct further and more detailed geophysical mapping.

WHY USE SATELLITE INTERFEROMETRY DURING AN OSI?
Article IV of the Comprehensive Test Ban Treaty (CTBT) mandates inspectors to collect
information directly on site, at the suspected site of a nuclear explosion, to confirm whether or
not a nuclear test has been carried. The challenge that OSI inspectors face is to find solid
evidence of the potential nuclear test in a relatively large area of 1,000 km2. The epicentral
locations of the International Data Centre (IDC) have improved with the installation of more
stations of the International Monitoring System (IMS) and more accurate Earth models, as
attested by the error ellipses of the six DPRK nuclear tests (see Figure 1). Nevertheless, the
last nuclear test conducted by the DPRK in 2017 shows an error ellipse of approximately 10 km
radius in an area of rugged topographic relief, presenting a challenge to any potential
inspection team. Underground nuclear tests frequently cause surface collapses which can be
mapped using only two successive satellite images taken prior and after the event, as we
demonstrate for the 3 September 2017 explosion. InSAR may provide OSI inspectors with a
rapid and accurate location at the beginning of an OSI, that would give them more time, within
the 60 days allowed by the Treaty, to collect information to unequivocally confirm or deny the
presence of a nuclear explosion in the suspected area.

METHODOLOGY USED IN THE ANALYSIS

The Sentinel-1 Mission
The SENTINEL-1 mission is an European initiative of radar imaging designed to operate
with short revisit times and rapid product delivery. The Synthetic Aperture Radar (SAR)
onboard has the advantage of operating at wavelengths not impeded by cloud cover. It is
composed of a constellation of two satellites, SENTINEL-1A and SENTINEL-1B, which
orbit the Earth on a near polar orbit. The revisiting time today, for the SENTINEL-1 system,
is approximately one week.

InSAR: Interferometric Synthetic Aperture Radar
InSAR measures signal phase differences between two images acquired over the same
area, at different revisiting times. If a point on the Earth’s surface changes its location, the
distance between the satellite and that point modifies the phase value of the signals
recorded. An interferogram is a graphical representation of these differences of phase
values. Using the technique know as Differential Interferometry (DinSAR) we can
compensate the topographic effects, the atmospheric and decorrelation noise effects using
several images over a certain time interval.

Mapping the 3 September 2017 DPRK Nuclear Test
On 3 September 2017 the DPRK detonated its sixth nuclear device. The equivalent

magnitude of the 2017 test was estimated by the IDC as Mw 6.1, corresponding to a yield
that may be as large as 250 kt (e.g., Zerbo, 2017). The epicentral location of the IDC
places it near Mount Mantap test site, where the five previous tests were conducted.
Pabian and Koblenz (2017) and Wang et al. (2018) used radar images of the TerraSAR-X,
high resolution satellite imagery with a pixel resolution of 1 m . They determined horizontal
motion of the ground of up to 0.5 m, associated with the North Korean nuclear test.

We test the use of SENTINEL-1 images, distributed by the European Space Agency that
are openly available. Although there are commercial satellites that produce radar scenes
with a higher resolution, we use the 11 m-pixel resolution images of SENTINEL-1 in order
to emphasize the possibility of using openly available data at the early stages of an OSI.

Results of the InSAR Analysis
We used two radar images bracketing the test of 3 September: one on 28 August 2017

and the other on 19 September 2017, the short time baseline of only 12 days guarantees
coherence of the phase data and the accuracy of the interferogram. We used the SNAP
toolbox (Sentinel Application Platform) to calculate the interferogram. The resulting
interferogram shows a crescent shape subsidence on the eastern part of the image (see
Figure 2). The subsidence reaches a maximum value of approximately 0.4 meters. When
compared to the topography of the site, this crescent-shaped subsidence shows that the
eastern flank of Mount Mantap collapsed (Figure 3). The collapsed area is to the east of
the ISC location. The collapse of Mount Mantap suggests that the test was conducted
under Mount Mantap and located about two kilometers from the tunnel entrance. The
nuclear test presumably took place beneath the area of highest elevation of Mt. Mantap,

causing the collapse of its western flank. Although the nuclear test took place beneath the
large overburden of Mount Mantap, probably 800 m beneath the summit of the mountain, at the
same level of the tunnel entrance, the size of the explosion caused sufficient stress to promote
the subsidence of the western flank of the mountain. Further evidence of the collapse comes
from a swarm of shallow earthquakes that followed the nuclear test eight minutes later Tian et
al. (2018). A second feature showing subsidence of 0.4 m lies to the east of the slumping of
Mount Mantap. It is possible that this secondary sliding on the mountain to the east of Mount
Mantap.

Figure 1. Epicentral locations of the six suspected nuclear tests conducted by the DPRK
in 2009, 2013, 2016 and the last one analyzed here on 3 September 2017. Notice that the
error ellipses of the ISC locations show an improvement over time, as better Earth models
and more IMS stations are used in the analysis. Nevertheless, the error ellipses reflect a
relatively large area that OSI inspectors need to survey.

Figure 2. Resulting interferogram estimated from two SENTINEL-1 images: the first
taken on 28 August 2017 and the second one, bracketing the nuclear test, on 19
September 2017. The results show a crescent-shaped zone of deformation that reaches
an average of 0.4 m.

Figure 3. Interferogram shown against the topographic relief of the area. The zone of
largest ground deformation is on the eastern flank of Mt. Mantap. Apparently, the test
took place to the north of the tunnel portal at a depth of approximately 800 m beneath
the summit of Mount Mantap.
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SUMMARY AND CONCLUSIONS

1. The ground deformation caused by the 3 September 2017 nuclear explosion in the
DPRK was clearly observed based on interferograms produced by radar images of the
SENTINEL-1 constellation of satellites.

2. The interferometric data show a main, crescent-shaped collapse of the eastern flank of
Mount Mantap, under which the test was conducted, that collapsed a few minutes after
the test. The subsidence of the eastern flank of Mount Mantap was approximately 0.4 m.

3. A second subsidence feature lies to the east of the main collapse. It appears the
eastern extension of Mt. Mantap also collapsed. The subsidence is also 0.4 m.

4. A swarm of small earthquakes in this area confirms that the collapse took place about
eight minutes after the test.

5. Our results show that the use of interferometric techniques available openly, in a similar
manner to open source, may be a very useful tool in an OSI to guide the detailed
geophysical work necessary to confirm the presence of a nuclear explosion
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ABSTRACT
Interferometric techniques using radar signals to map the elevation of the Earth´s surface or
temporal differences in topography have surged in applications over the last few years. Satellite
interferometry, using successive radar images of the Earth's surface, are now routinely used to
monitor subsidence of sedimentary basins due to water or oil extraction. Similar interferometric
instrumentation is now also available to be mounted in drones at relatively low elevation,
allowing a very dense cloud of observations leading to a very high spatial resolution. One of the
main challenges of an on-site inspection (OSI) is the rapid location of the potential test site
within a relatively large area of 1,000 km2. For this purpose, a number of geophysical
techniques have been proposed for use at Entry into Force during an OSI. Here, we propose,
and demonstrate, using the case of the nuclear test on 3 September 2017 of the Democratic
People´s Republic of Korea (DPRK), that with the current availability of open-source, radar
satellite imagery, the location of the suspected test site is clearly revealed by subsidence of the
ground surface caused by the collapse of the eastern flank of Mount Mantap (elevation 2,205
m), under which the nuclear test took place. The deformation observed in Mount Mantap forms
a crescent shape zone of subsidence that is clearly revealed using interferometric techniques.
Thus, openly available satellite interferometric images (InSAR), such as SENTINEL-1, may be
used to rapidly identify, as first order mapping, the location of a suspected test site where the
inspectors on land may conduct further and more detailed geophysical mapping.

WHY USE SATELLITE INTERFEROMETRY DURING AN OSI?
Article IV of the Comprehensive Test Ban Treaty (CTBT) mandates inspectors to collect
information directly on site, at the suspected site of a nuclear explosion, to confirm whether or
not a nuclear test has been carried. The challenge that OSI inspectors face is to find solid
evidence of the potential nuclear test in a relatively large area of 1,000 km2. The epicentral
locations of the International Data Centre (IDC) have improved with the installation of more
stations of the International Monitoring System (IMS) and more accurate Earth models, as
attested by the error ellipses of the six DPRK nuclear tests (see Figure 1). Nevertheless, the
last nuclear test conducted by the DPRK in 2017 shows an error ellipse of approximately 10 km
radius in an area of rugged topographic relief, presenting a challenge to any potential
inspection team. Underground nuclear tests frequently cause surface collapses which can be
mapped using only two successive satellite images taken prior and after the event, as we
demonstrate for the 3 September 2017 explosion. InSAR may provide OSI inspectors with a
rapid and accurate location at the beginning of an OSI, that would give them more time, within
the 60 days allowed by the Treaty, to collect information to unequivocally confirm or deny the
presence of a nuclear explosion in the suspected area.

METHODOLOGY USED IN THE ANALYSIS

The Sentinel-1 Mission
The SENTINEL-1 mission is an European initiative of radar imaging designed to operate
with short revisit times and rapid product delivery. The Synthetic Aperture Radar (SAR)
onboard has the advantage of operating at wavelengths not impeded by cloud cover. It is
composed of a constellation of two satellites, SENTINEL-1A and SENTINEL-1B, which
orbit the Earth on a near polar orbit. The revisiting time today, for the SENTINEL-1 system,
is approximately one week.

InSAR: Interferometric Synthetic Aperture Radar
InSAR measures signal phase differences between two images acquired over the same
area, at different revisiting times. If a point on the Earth’s surface changes its location, the
distance between the satellite and that point modifies the phase value of the signals
recorded. An interferogram is a graphical representation of these differences of phase
values. Using the technique know as Differential Interferometry (DinSAR) we can
compensate the topographic effects, the atmospheric and decorrelation noise effects using
several images over a certain time interval.

Mapping the 3 September 2017 DPRK Nuclear Test
On 3 September 2017 the DPRK detonated its sixth nuclear device. The equivalent

magnitude of the 2017 test was estimated by the IDC as Mw 6.1, corresponding to a yield
that may be as large as 250 kt (e.g., Zerbo, 2017). The epicentral location of the IDC
places it near Mount Mantap test site, where the five previous tests were conducted.
Pabian and Koblenz (2017) and Wang et al. (2018) used radar images of the TerraSAR-X,
high resolution satellite imagery with a pixel resolution of 1 m . They determined horizontal
motion of the ground of up to 0.5 m, associated with the North Korean nuclear test.

We test the use of SENTINEL-1 images, distributed by the European Space Agency that
are openly available. Although there are commercial satellites that produce radar scenes
with a higher resolution, we use the 11 m-pixel resolution images of SENTINEL-1 in order
to emphasize the possibility of using openly available data at the early stages of an OSI.

Results of the InSAR Analysis
We used two radar images bracketing the test of 3 September: one on 28 August 2017

and the other on 19 September 2017, the short time baseline of only 12 days guarantees
coherence of the phase data and the accuracy of the interferogram. We used the SNAP
toolbox (Sentinel Application Platform) to calculate the interferogram. The resulting
interferogram shows a crescent shape subsidence on the eastern part of the image (see
Figure 2). The subsidence reaches a maximum value of approximately 0.4 meters. When
compared to the topography of the site, this crescent-shaped subsidence shows that the
eastern flank of Mount Mantap collapsed (Figure 3). The collapsed area is to the east of
the ISC location. The collapse of Mount Mantap suggests that the test was conducted
under Mount Mantap and located about two kilometers from the tunnel entrance. The
nuclear test presumably took place beneath the area of highest elevation of Mt. Mantap,

causing the collapse of its western flank. Although the nuclear test took place beneath the
large overburden of Mount Mantap, probably 800 m beneath the summit of the mountain, at the
same level of the tunnel entrance, the size of the explosion caused sufficient stress to promote
the subsidence of the western flank of the mountain. Further evidence of the collapse comes
from a swarm of shallow earthquakes that followed the nuclear test eight minutes later Tian et
al. (2018). A second feature showing subsidence of 0.4 m lies to the east of the slumping of
Mount Mantap. It is possible that this secondary sliding on the mountain to the east of Mount
Mantap.

Figure 1. Epicentral locations of the six suspected nuclear tests conducted by the DPRK
in 2009, 2013, 2016 and the last one analyzed here on 3 September 2017. Notice that the
error ellipses of the ISC locations show an improvement over time, as better Earth models
and more IMS stations are used in the analysis. Nevertheless, the error ellipses reflect a
relatively large area that OSI inspectors need to survey.

Figure 2. Resulting interferogram estimated from two SENTINEL-1 images: the first
taken on 28 August 2017 and the second one, bracketing the nuclear test, on 19
September 2017. The results show a crescent-shaped zone of deformation that reaches
an average of 0.4 m.

Figure 3. Interferogram shown against the topographic relief of the area. The zone of
largest ground deformation is on the eastern flank of Mt. Mantap. Apparently, the test
took place to the north of the tunnel portal at a depth of approximately 800 m beneath
the summit of Mount Mantap.
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SUMMARY AND CONCLUSIONS

1. The ground deformation caused by the 3 September 2017 nuclear explosion in the
DPRK was clearly observed based on interferograms produced by radar images of the
SENTINEL-1 constellation of satellites.

2. The interferometric data show a main, crescent-shaped collapse of the eastern flank of
Mount Mantap, under which the test was conducted, that collapsed a few minutes after
the test. The subsidence of the eastern flank of Mount Mantap was approximately 0.4 m.

3. A second subsidence feature lies to the east of the main collapse. It appears the
eastern extension of Mt. Mantap also collapsed. The subsidence is also 0.4 m.

4. A swarm of small earthquakes in this area confirms that the collapse took place about
eight minutes after the test.

5. Our results show that the use of interferometric techniques available openly, in a similar
manner to open source, may be a very useful tool in an OSI to guide the detailed
geophysical work necessary to confirm the presence of a nuclear explosion
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ABSTRACT
Interferometric techniques using radar signals to map the elevation of the Earth´s surface or
temporal differences in topography have surged in applications over the last few years. Satellite
interferometry, using successive radar images of the Earth's surface, are now routinely used to
monitor subsidence of sedimentary basins due to water or oil extraction. Similar interferometric
instrumentation is now also available to be mounted in drones at relatively low elevation,
allowing a very dense cloud of observations leading to a very high spatial resolution. One of the
main challenges of an on-site inspection (OSI) is the rapid location of the potential test site
within a relatively large area of 1,000 km2. For this purpose, a number of geophysical
techniques have been proposed for use at Entry into Force during an OSI. Here, we propose,
and demonstrate, using the case of the nuclear test on 3 September 2017 of the Democratic
People´s Republic of Korea (DPRK), that with the current availability of open-source, radar
satellite imagery, the location of the suspected test site is clearly revealed by subsidence of the
ground surface caused by the collapse of the eastern flank of Mount Mantap (elevation 2,205
m), under which the nuclear test took place. The deformation observed in Mount Mantap forms
a crescent shape zone of subsidence that is clearly revealed using interferometric techniques.
Thus, openly available satellite interferometric images (InSAR), such as SENTINEL-1, may be
used to rapidly identify, as first order mapping, the location of a suspected test site where the
inspectors on land may conduct further and more detailed geophysical mapping.

WHY USE SATELLITE INTERFEROMETRY DURING AN OSI?
Article IV of the Comprehensive Test Ban Treaty (CTBT) mandates inspectors to collect
information directly on site, at the suspected site of a nuclear explosion, to confirm whether or
not a nuclear test has been carried. The challenge that OSI inspectors face is to find solid
evidence of the potential nuclear test in a relatively large area of 1,000 km2. The epicentral
locations of the International Data Centre (IDC) have improved with the installation of more
stations of the International Monitoring System (IMS) and more accurate Earth models, as
attested by the error ellipses of the six DPRK nuclear tests (see Figure 1). Nevertheless, the
last nuclear test conducted by the DPRK in 2017 shows an error ellipse of approximately 10 km
radius in an area of rugged topographic relief, presenting a challenge to any potential
inspection team. Underground nuclear tests frequently cause surface collapses which can be
mapped using only two successive satellite images taken prior and after the event, as we
demonstrate for the 3 September 2017 explosion. InSAR may provide OSI inspectors with a
rapid and accurate location at the beginning of an OSI, that would give them more time, within
the 60 days allowed by the Treaty, to collect information to unequivocally confirm or deny the
presence of a nuclear explosion in the suspected area.

METHODOLOGY USED IN THE ANALYSIS

The Sentinel-1 Mission
The SENTINEL-1 mission is an European initiative of radar imaging designed to operate
with short revisit times and rapid product delivery. The Synthetic Aperture Radar (SAR)
onboard has the advantage of operating at wavelengths not impeded by cloud cover. It is
composed of a constellation of two satellites, SENTINEL-1A and SENTINEL-1B, which
orbit the Earth on a near polar orbit. The revisiting time today, for the SENTINEL-1 system,
is approximately one week.

InSAR: Interferometric Synthetic Aperture Radar
InSAR measures signal phase differences between two images acquired over the same
area, at different revisiting times. If a point on the Earth’s surface changes its location, the
distance between the satellite and that point modifies the phase value of the signals
recorded. An interferogram is a graphical representation of these differences of phase
values. Using the technique know as Differential Interferometry (DinSAR) we can
compensate the topographic effects, the atmospheric and decorrelation noise effects using
several images over a certain time interval.

Mapping the 3 September 2017 DPRK Nuclear Test
On 3 September 2017 the DPRK detonated its sixth nuclear device. The equivalent

magnitude of the 2017 test was estimated by the IDC as Mw 6.1, corresponding to a yield
that may be as large as 250 kt (e.g., Zerbo, 2017). The epicentral location of the IDC
places it near Mount Mantap test site, where the five previous tests were conducted.
Pabian and Koblenz (2017) and Wang et al. (2018) used radar images of the TerraSAR-X,
high resolution satellite imagery with a pixel resolution of 1 m . They determined horizontal
motion of the ground of up to 0.5 m, associated with the North Korean nuclear test.

We test the use of SENTINEL-1 images, distributed by the European Space Agency that
are openly available. Although there are commercial satellites that produce radar scenes
with a higher resolution, we use the 11 m-pixel resolution images of SENTINEL-1 in order
to emphasize the possibility of using openly available data at the early stages of an OSI.

Results of the InSAR Analysis
We used two radar images bracketing the test of 3 September: one on 28 August 2017

and the other on 19 September 2017, the short time baseline of only 12 days guarantees
coherence of the phase data and the accuracy of the interferogram. We used the SNAP
toolbox (Sentinel Application Platform) to calculate the interferogram. The resulting
interferogram shows a crescent shape subsidence on the eastern part of the image (see
Figure 2). The subsidence reaches a maximum value of approximately 0.4 meters. When
compared to the topography of the site, this crescent-shaped subsidence shows that the
eastern flank of Mount Mantap collapsed (Figure 3). The collapsed area is to the east of
the ISC location. The collapse of Mount Mantap suggests that the test was conducted
under Mount Mantap and located about two kilometers from the tunnel entrance. The
nuclear test presumably took place beneath the area of highest elevation of Mt. Mantap,

causing the collapse of its western flank. Although the nuclear test took place beneath the
large overburden of Mount Mantap, probably 800 m beneath the summit of the mountain, at the
same level of the tunnel entrance, the size of the explosion caused sufficient stress to promote
the subsidence of the western flank of the mountain. Further evidence of the collapse comes
from a swarm of shallow earthquakes that followed the nuclear test eight minutes later Tian et
al. (2018). A second feature showing subsidence of 0.4 m lies to the east of the slumping of
Mount Mantap. It is possible that this secondary sliding on the mountain to the east of Mount
Mantap.

Figure 1. Epicentral locations of the six suspected nuclear tests conducted by the DPRK
in 2009, 2013, 2016 and the last one analyzed here on 3 September 2017. Notice that the
error ellipses of the ISC locations show an improvement over time, as better Earth models
and more IMS stations are used in the analysis. Nevertheless, the error ellipses reflect a
relatively large area that OSI inspectors need to survey.

Figure 2. Resulting interferogram estimated from two SENTINEL-1 images: the first
taken on 28 August 2017 and the second one, bracketing the nuclear test, on 19
September 2017. The results show a crescent-shaped zone of deformation that reaches
an average of 0.4 m.

Figure 3. Interferogram shown against the topographic relief of the area. The zone of
largest ground deformation is on the eastern flank of Mt. Mantap. Apparently, the test
took place to the north of the tunnel portal at a depth of approximately 800 m beneath
the summit of Mount Mantap.
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SUMMARY AND CONCLUSIONS

1. The ground deformation caused by the 3 September 2017 nuclear explosion in the
DPRK was clearly observed based on interferograms produced by radar images of the
SENTINEL-1 constellation of satellites.

2. The interferometric data show a main, crescent-shaped collapse of the eastern flank of
Mount Mantap, under which the test was conducted, that collapsed a few minutes after
the test. The subsidence of the eastern flank of Mount Mantap was approximately 0.4 m.

3. A second subsidence feature lies to the east of the main collapse. It appears the
eastern extension of Mt. Mantap also collapsed. The subsidence is also 0.4 m.

4. A swarm of small earthquakes in this area confirms that the collapse took place about
eight minutes after the test.

5. Our results show that the use of interferometric techniques available openly, in a similar
manner to open source, may be a very useful tool in an OSI to guide the detailed
geophysical work necessary to confirm the presence of a nuclear explosion
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ABSTRACT
Interferometric techniques using radar signals to map the elevation of the Earth´s surface or
temporal differences in topography have surged in applications over the last few years. Satellite
interferometry, using successive radar images of the Earth's surface, are now routinely used to
monitor subsidence of sedimentary basins due to water or oil extraction. Similar interferometric
instrumentation is now also available to be mounted in drones at relatively low elevation,
allowing a very dense cloud of observations leading to a very high spatial resolution. One of the
main challenges of an on-site inspection (OSI) is the rapid location of the potential test site
within a relatively large area of 1,000 km2. For this purpose, a number of geophysical
techniques have been proposed for use at Entry into Force during an OSI. Here, we propose,
and demonstrate, using the case of the nuclear test on 3 September 2017 of the Democratic
People´s Republic of Korea (DPRK), that with the current availability of open-source, radar
satellite imagery, the location of the suspected test site is clearly revealed by subsidence of the
ground surface caused by the collapse of the eastern flank of Mount Mantap (elevation 2,205
m), under which the nuclear test took place. The deformation observed in Mount Mantap forms
a crescent shape zone of subsidence that is clearly revealed using interferometric techniques.
Thus, openly available satellite interferometric images (InSAR), such as SENTINEL-1, may be
used to rapidly identify, as first order mapping, the location of a suspected test site where the
inspectors on land may conduct further and more detailed geophysical mapping.

WHY USE SATELLITE INTERFEROMETRY DURING AN OSI?
Article IV of the Comprehensive Test Ban Treaty (CTBT) mandates inspectors to collect
information directly on site, at the suspected site of a nuclear explosion, to confirm whether or
not a nuclear test has been carried. The challenge that OSI inspectors face is to find solid
evidence of the potential nuclear test in a relatively large area of 1,000 km2. The epicentral
locations of the International Data Centre (IDC) have improved with the installation of more
stations of the International Monitoring System (IMS) and more accurate Earth models, as
attested by the error ellipses of the six DPRK nuclear tests (see Figure 1). Nevertheless, the
last nuclear test conducted by the DPRK in 2017 shows an error ellipse of approximately 10 km
radius in an area of rugged topographic relief, presenting a challenge to any potential
inspection team. Underground nuclear tests frequently cause surface collapses which can be
mapped using only two successive satellite images taken prior and after the event, as we
demonstrate for the 3 September 2017 explosion. InSAR may provide OSI inspectors with a
rapid and accurate location at the beginning of an OSI, that would give them more time, within
the 60 days allowed by the Treaty, to collect information to unequivocally confirm or deny the
presence of a nuclear explosion in the suspected area.

METHODOLOGY USED IN THE ANALYSIS

The Sentinel-1 Mission
The SENTINEL-1 mission is an European initiative of radar imaging designed to operate
with short revisit times and rapid product delivery. The Synthetic Aperture Radar (SAR)
onboard has the advantage of operating at wavelengths not impeded by cloud cover. It is
composed of a constellation of two satellites, SENTINEL-1A and SENTINEL-1B, which
orbit the Earth on a near polar orbit. The revisiting time today, for the SENTINEL-1 system,
is approximately one week.

InSAR: Interferometric Synthetic Aperture Radar
InSAR measures signal phase differences between two images acquired over the same
area, at different revisiting times. If a point on the Earth’s surface changes its location, the
distance between the satellite and that point modifies the phase value of the signals
recorded. An interferogram is a graphical representation of these differences of phase
values. Using the technique know as Differential Interferometry (DinSAR) we can
compensate the topographic effects, the atmospheric and decorrelation noise effects using
several images over a certain time interval.

Mapping the 3 September 2017 DPRK Nuclear Test
On 3 September 2017 the DPRK detonated its sixth nuclear device. The equivalent

magnitude of the 2017 test was estimated by the IDC as Mw 6.1, corresponding to a yield
that may be as large as 250 kt (e.g., Zerbo, 2017). The epicentral location of the IDC
places it near Mount Mantap test site, where the five previous tests were conducted.
Pabian and Koblenz (2017) and Wang et al. (2018) used radar images of the TerraSAR-X,
high resolution satellite imagery with a pixel resolution of 1 m . They determined horizontal
motion of the ground of up to 0.5 m, associated with the North Korean nuclear test.

We test the use of SENTINEL-1 images, distributed by the European Space Agency that
are openly available. Although there are commercial satellites that produce radar scenes
with a higher resolution, we use the 11 m-pixel resolution images of SENTINEL-1 in order
to emphasize the possibility of using openly available data at the early stages of an OSI.

Results of the InSAR Analysis
We used two radar images bracketing the test of 3 September: one on 28 August 2017

and the other on 19 September 2017, the short time baseline of only 12 days guarantees
coherence of the phase data and the accuracy of the interferogram. We used the SNAP
toolbox (Sentinel Application Platform) to calculate the interferogram. The resulting
interferogram shows a crescent shape subsidence on the eastern part of the image (see
Figure 2). The subsidence reaches a maximum value of approximately 0.4 meters. When
compared to the topography of the site, this crescent-shaped subsidence shows that the
eastern flank of Mount Mantap collapsed (Figure 3). The collapsed area is to the east of
the ISC location. The collapse of Mount Mantap suggests that the test was conducted
under Mount Mantap and located about two kilometers from the tunnel entrance. The
nuclear test presumably took place beneath the area of highest elevation of Mt. Mantap,

causing the collapse of its western flank. Although the nuclear test took place beneath the
large overburden of Mount Mantap, probably 800 m beneath the summit of the mountain, at the
same level of the tunnel entrance, the size of the explosion caused sufficient stress to promote
the subsidence of the western flank of the mountain. Further evidence of the collapse comes
from a swarm of shallow earthquakes that followed the nuclear test eight minutes later Tian et
al. (2018). A second feature showing subsidence of 0.4 m lies to the east of the slumping of
Mount Mantap. It is possible that this secondary sliding on the mountain to the east of Mount
Mantap.

Figure 1. Epicentral locations of the six suspected nuclear tests conducted by the DPRK
in 2009, 2013, 2016 and the last one analyzed here on 3 September 2017. Notice that the
error ellipses of the ISC locations show an improvement over time, as better Earth models
and more IMS stations are used in the analysis. Nevertheless, the error ellipses reflect a
relatively large area that OSI inspectors need to survey.

Figure 2. Resulting interferogram estimated from two SENTINEL-1 images: the first
taken on 28 August 2017 and the second one, bracketing the nuclear test, on 19
September 2017. The results show a crescent-shaped zone of deformation that reaches
an average of 0.4 m.

Figure 3. Interferogram shown against the topographic relief of the area. The zone of
largest ground deformation is on the eastern flank of Mt. Mantap. Apparently, the test
took place to the north of the tunnel portal at a depth of approximately 800 m beneath
the summit of Mount Mantap.
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SUMMARY AND CONCLUSIONS

1. The ground deformation caused by the 3 September 2017 nuclear explosion in the
DPRK was clearly observed based on interferograms produced by radar images of the
SENTINEL-1 constellation of satellites.

2. The interferometric data show a main, crescent-shaped collapse of the eastern flank of
Mount Mantap, under which the test was conducted, that collapsed a few minutes after
the test. The subsidence of the eastern flank of Mount Mantap was approximately 0.4 m.

3. A second subsidence feature lies to the east of the main collapse. It appears the
eastern extension of Mt. Mantap also collapsed. The subsidence is also 0.4 m.

4. A swarm of small earthquakes in this area confirms that the collapse took place about
eight minutes after the test.

5. Our results show that the use of interferometric techniques available openly, in a similar
manner to open source, may be a very useful tool in an OSI to guide the detailed
geophysical work necessary to confirm the presence of a nuclear explosion
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PROBABLE CAUSE OF AFTERSHOCKS 

• Open souce InSAR data with adequate processing can 
observe features mapped from costly sources of satellite 
images

• Mt. Mantap appears to have been highly fractured by the 
3 September 2017 nuclear test.  

SPECULATION!

PERHAPS MT. MANTAP TEST SITE HAS BEEN HIGHLY 
FRACTURED AND FAULTED AND IS NOW UNUSABLE (OR 

DANGEROUS) FOR LARGE TESTS (Y > 100 kT?)
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1997 F1 Champion: Williams-Renault vs the
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BEST QUALYFING LAPS

1997 1´ 18.94´´

2019         1´ 11.04´´



Technology Refreshment

vs

Technology Foresight



Thank you!


