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The Australian Seismometers in Schools (AuSIS) program has been running
since 2011, with most of the 50 instruments installed in the 2012-2013 period.
Schools were chosen to compliment the Australian National Seismic Network
used for earthquake monitoring and to reach both city and rural communities.
This allowed us reach students that often miss out on the science excursion
experience that city schools have access to. This map shows the AuSIS sites
as magenta triangles and the national Network sites as cyan squares. Each
state capital had one instrument installed and remainder went to rural schools.
Note that large areas of Australia have very low population density and this is
reflected in the gaps in the network.
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One of the problems we had to solve was that Australia has no plate boundary
so local earthquakes are few and far between, with most students never
experiencing an earthquake. This figure shows the catalogue of Australian
earthquakes since 1941 with a magnitude greater than 3. There are just over
6500. We talk to students about where and why there are areas of higher
earthquake occurrence in Australia. Many are concentrated along mountain
ranges but some are around crustal suture zones associated with mineral
deposits.
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But if we look at a 12 month period the map looks more like this with just 107
events, with a maximum magnitude of 4.9 and only 7 events greater than a ML
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So it was important to provide seismometers sensitive enough to record
regional and global earthquakes to keep students engaged when there aren't
many local earthquakes.
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This also allowed the program to become a dual-purpose program using
research quality guralp 6TD instruments. They are 3 component instruments
able to record the seismic wave motion in 3 directions. One of the advantages
of these instruments is that we are able to feed our data directly into the
Australian National Seismic Network for earthquake monitoring and the data
can also be used for seismology research. But the photos on the right show
the variability in installation from busy science classrooms to school built
seismic vaults capable of withstanding cyclones. We knew we could see large
earthquakes from around the world but what else could we see.
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Large earthquakes show up well, if it makes the news we usually have some
kind of signal. Here is the signal from the devastating Kathmandu earthquake
from 2015 recorded in Canberra Australia, nearly 10000km away. This
seismometer is located below the science classroom floor. We can clearly see
the P wave arriving first with the strongest signal on the vertical component of
the seismometer. The S wave arrives more than 10 minutes later and has its
strongest signals in the N-S and E-W directions. Lastly the surface waves
show up as the large rolling signals on all three components
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However, if we look closer, we can see that there is more to the signal than
just these first order arrivals. The P-wave arrival is actually much smaller than
another wave that arrives about 18 seconds later. All these details provide
seismologists with information about the structure of the earth between the
earthquake and the seismometer.
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In 2016 we were able to record the North Korean nuclear test across much of
Australia. The signal in the top figure is for a School on the northern coast of
Australia. We have filtered out anything above 5 Hz to enhance the signal. The
lower figure is the spectrogram which shows the frequency content of the
seismogram above. The pink areas show where the highest signals are and
shows the peak of the signal has a frequency of about 2Hz.
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The general perception in Australia is that there are no earthquakes here. This
image shows the Australian seismic hazard model. It shows the strength of
shaking that has a 10% likelihood of being exceeded in a 50 year period. This
is what is used to design most buildings for earthquakes in Australia. The
shaking levels are all relatively low reaching up to 24% of gravitational
acceleration. But if we build to this level we can expect that occasionally there
will be earthquake damage, which is not fully understood by the general
population. When we ask students if a 10% risk of their house falling down is
acceptable there is often a split in opinion. But when you explain that actually it
is a 10% chance that their neighbourhood will be destroyed those that thought
it was acceptable often think again.
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We can also compare Australia to the global seismic hazard map. This figure
shows the Global earthquake hazard map. And although it perhaps has higher
hazard than most stable continental areas the seismic hazard is low in
Australia, especially compared to plate boundary areas like Nepal. The global
maps shows in some plate boundary areas the strength of shaking that has a
10% likelihood of being in a 50 year period of exceeding more than 100% of
gravitational acceleration.
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Despite the low levels of seismic hazard in Australia earthquakes here have
been shown to be deadly. Partly because the population and infrastructure are
unprepared but also because all Australian earthquakes are shallow so if they
occur below a population center damage is inevitable. This can be illustrated
but the 1989 Newcastle earthquake, this earthquake occurred close to the city
of Newcastle. With a population of around 300000 people at the time, 13
people died, 160 were injured and thousands of homes were damaged. The
earthquake cost the Australian economy ~4 Billion dollars. This was only a
magnitude 5.5 earthquake. The largest recorded earthquake to hit Australia
was a magnitude 6.7, and there is geological evidence of even bigger
earthquakes having occurred.
So an important part of the Australian seismometers in schools program is to
increase awareness of earthquake hazard in Australia. Letting people
understand what they should do in the event of an earthquake. But it also
helps Australians overseas to know how to react in areas where earthquakes
are more common. Popular holiday destinations for Australians are places like
New Zealand and Indonesia, both of which are earthquake prone.
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When asked about Tsunami most Australians don’t think they can occur in
Australia. Yet the NW of Australia is prone to Tsunami from the subduction
zones to the north and in fact most of the Australian coast has seen some
effects from Tsunami. This map shows the wave heights expected to have a
10% probability of being exceeded in a 100 year period. The maximum wave
height is 4m but occurs in an area of very low population density.
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In reality there, have been tsunami waves that have hit Australia. The figure
shows the runup (height the wave came up above sea level) of significant
tsunami events around Australia. The largest has a run up of about 12m in
Western Australia and there has been inundation of up to 300m inland. Luckily
these areas have few people living there.
Significant tsunami events have occurred in1977, 1994, 2004, and 2006. In
2004 the major Indian Ocean tsunami resulted in 35 peopleb eing rescued
from rip currents when warnings to stay away from the water were not heeded.
Even though the risk is low in Australia an education on what to do after an
earthquake or if the sea suddenly changes can save lives. This was
demonstrated by a UK school girl in Thailand in 2006 who saved 100’s of
peoples lives by sounding the alarm when the sea receded.
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As part of our seismometers in schools program we originally set up a website
where resources could be provided to the schools, but in 2019 the University
websites were hacked and we are still in the process of rebuilding some of the
files that were corrupted as a result. We are still able to provide the resources
in paper format when we visit schools and electronically by email.
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At the schools students are able to see a live view of the seismometer traces.
Data is also transmitted to IRIS so that the IRIS tools like jamaseis and
Wilber3 can also be used to view the data from any school in near real time.
On the AuSIS website students can view a catalogue of recent earthquakes
from Australia and around the world.
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They can look at the signal from their school for any earthquake and report
earthquakes recorded by their seismometer. They are able to see which
events have been reported in the past and which other schools around
Australia reported the earthquake providing an opportunity for competition
between schools to report the most earthquakes.
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We also provide learning modules to include in the classroom. Australian
students are all required to learn about hazards and plate tectonics so most of
the learning modules are aimed to provide teachers with activities around
these topics. We run workshops for both teachers and students to help with
these learning modules.
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In our Online Earthquake Exploration module we show students how to use
the IRIS earthquake monitor app, how to look for seismic stations near them
and how to look at earthquake data. A useful tool for tectonics is IRIS’s
interactive earthquake browser that lets students map earthquakes based on
time or size. You can view the plate boundary types. Here we can see that
while Australia is relatively inactive there is a lot of earthquake activity to the
North and East of Australia along the plate boundary subduction zones. This
includes places that are often visited by Australians.
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We can also zoom into Nepal and see the earthquakes along the convergent
plate boundary
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If we look at the subduction zones we can also use the 3D viewer to see how
the earthquakes in the pacific plate dip into the earth below the Australian plate
as the pacific plate subducts.
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For our earthquake location module we provide Australian earthquakes for
students to locate, this keeps the students engaged in the learning as they can
see the relevance of seismology to them. This figure shows an earthquake
which did some minor damage in Western Australia in 2018 and was felt by a
number of towns which have one of our seismometers. The AuSIS
seismometers were used to locate this earthquake as there is only one
national network seismometer in the area (top seismogram) but 4 AuSIS sites
(bottom 4 seismograms). Students are able to pick the P and S wave arrivals
from an earthquake they actually felt.
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Computer access in classrooms varies across Australia so we provide a paper
version of local P and S travel time curves and maps to allow students to
locate the earthquake on paper.
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Magnitudes are often confusing to students as the media quotes different
numbers for the same earthquake. We explain that there are different ways
magnitude can be measured. To help students understand earthquake
magnitudes we explain how the energy and shaking increases logarithmically
with increasing earthquake magnitude. As seismologist we prefer to use
Moment Magnitude (Mw) as this can be explained by the physics based on the
area of the fault rupture and the distance the fault moves. We put the energy
release into context for students comparing it with the electrical power used in
a day in Australia.
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In the context of hazards we talk to student about how we can not prevent
earthquakes from happening, we can’t remove the hazard but we can reduce
the risks. Earthquake engineering helps us consider the suitability of a building
site, for example the top picture shows collapsed cliffs from the Christchurch
earthquake in New Zealand in 2011, this is a potential source of risk that can
be avioided.
We also demonstrate building suitability by showing students how they can
make building resonance models (as demonstrated in lower video) to
investigate how building height can determine how the building moves in an
earthquake.
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In some areas of Australia human induced earthquakes are a hot topic. There
are areas of Australia where fluids are injected into the Earth for CO2 storage
or for coal-seam gas extraction. There are also large open cut mines that have
been associated with some destructive earthquakes. We talk to students about
the causes, possible sizes of human induced seismicity and ways to mitigate
the risks. A great example is the Central USA seismicity increases due to
fracking. A large magnitude 5.6 earthquake in Prague Oklahoma in 2011
causing damage to buildings. Now earthquake activity is monitored and
increases can result in the shutting down of the fluid injections at fracking
sites. In Australia we do not currently have enough monitoring to be able to
establish a baseline for seismicity in the areas where fluid injection is taking
place or about to start.
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Although our seismometers are often seen as just an earth sciences tool, we
have also had some success integrating them into the physics curriculum
where it fits into areas of waves and motion and the inner workings of the
seismometer also fit into electromagnetics. And lastly we have a number of
schools that have introduced seismology to their science clubs, these have
included students taking responsibility for maintaining and monitoring their
seismometer, building shaking tables to demonstrate the effects of
earthquakes and even building their own simple seismometers.
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