Masters of Disaster

Indonesia, Ground Zero for Tsunami, Earthquake, and Volcano Disasters, Applies
Technology—and Local Wisdom—to Help Save Lives
By Arielle Emmett

i

ndonesia is the world’s largest island country, a
widely dispersed necklace of more than 17,000 tropical isles riding atop four clashing tectonic plates.
The country has 34,000 miles of coastline, some of
it sinking, 266 million people inhabiting more than 6,000
islands, and a remarkable 100,000 year history of dwarfsize hobbits (Homo floresiensis) and related species
that have pushed back the timeline for human tool and
art making, raising new questions about the origins and
migration patterns of early man.
That said, Indonesia also sits on the Ring of Fire, the
nexus of the Pacific Basin and its continental shelves,
all of them subject to violent earthquakes, volcanoes,
and continuous ocean trench movements. Sundaland,
for example, the name for a continental shelf extending
southeast from the Malay Peninsula, once encompassed
the larger Indonesian islands of Sumatra, Java, and
Borneo. Exposed at maximum size (1,800,000 km2) 20,000
years ago during the peak of the last Ice Age, Sundaland showed evidence of human habitation—pyramid
structures and tools—suggesting it may have held a
civilization akin to Atlantis. The continental shelf disappeared again under rising oceans at the tail end of the
Younger Dryas (12,500 to 9,600 BC), a transitional period
pre-Holocene marked by intense cold followed by abrupt
global warming and rapidly melting glacial ice. Producing
storm surges and floods, earthquakes and volcanic eruptions, the Dryas etched the richly biodiverse island ecol-
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ogy of Indonesia today. This ecology persists; Indonesia
remains a dartboard of natural disasters, one of the most
Edenic and seismically hazardous places on earth to live.
I visited Indonesia in late December 2017 to investigate what progress had been made in the science of natural disaster prediction and warning. This was my third
time in a land that haunts me for its beauty, risk-taking,
and “a smiling-through-the-apocalypse” attitude of its
people.
What I learned is that precision technologies to predict and warn against natural calamities are growing. In
particular geodesy—the science of measuring the earth’s
surface—especially geodetic measurements of plate
activity, is beginning to exert some life-saving control
over seismic events. Scientists now can identify many of
the “hot spots” in Indonesia, enabling government planners and residents to listen, learn, and adopt proactive
measures to mitigate calamities and even forecast their
probable location and severity in order to save lives.
Sudden Rupture
No one can forget the devastation of the 9.2 magnitude
earthquake and Indian Ocean Tsunami of December 26,
2004, an event that killed 280,000 people in 14 countries.
After lying dormant for nearly 1,000 years, the sudden
rupture of the Sunda Megathrust, the gigantic ocean
fault paralleling the western edge of Sumatra Island and
sweeping southeast beneath Java island, ripped a seam
in the earth’s crust 1,600 kilometers long.
The rupture sped north-northwest from
the ocean epicenter west of Banda Aceh
toward Myanmar at the rate of 2.5 kilometers (1.5 miles) a second. This was the
longest earthquake in recorded history—10
minutes—releasing enough energy to equal
23,000 Hiroshima-size atomic bombs.
The resulting uplift of the ocean floor
tilted the nearby Andaman Islands 15
degrees, generating walls of water that
spread across the Indian Ocean as far as
Sri Lanka, Thailand, and East Africa.
Without adequate warning or experience
in spotting the signs of tsunamis, the people of Aceh province in northern Sumatra
were hardest hit by three giant waves. The
last one, a black thundering wall of water
nearly 30 meters high (98 feet), pushed one
ocean-going vessel five miles inland as it
drowned or trapped 170,000 Indonesians.

PHOTOS CLOCKWISE FROM RIGHT: Mount
Agung erupting on November 27, 2017. Photo:
Michael W. Ishak. Head of tsunami mitigation
Weniza explains the Indonesian Tsunami and
Earthquake Warning System at BMKG’s Jakarta
headquarters. Photo: Wibi Pangestu Pratama.
The remains of a house surrounded by ruins in
Banda Aceh after the 2004 tsunami. Photo: U.S.
Dept. of Defense.

Three months later, just to the south,
another slippage along a 350 km stretch
of the Sunda Megathrust produced an
8.6 magnitude quake and lesser tsunami
that killed 1,300 Indonesians. Dozens
of other earthquakes of magnitude 7.8
or higher—some generating tsunamis,
some not—have struck repeatedly in the
same area (2005, 2007, 2008, 2009, 2010,
2012, 2016).
Seismologists now believe the next
“big one” most likely will originate in
the Mentawai Gap, an ocean section of
the Megathrust subduction zone further
south from the Aceh-Andaman epicenter of 2004. This area of the Gap hasn’t
experienced a major earthquake in the
past 200 years. Scientists at the Earth
Observatory of Singapore (EOS) are
using a precision GPS array to monitor
crustal and plate deformation at the
Gap. They now expect that built-up
stresses will trigger an earthquake and
tsunami soon—no one knows exactly
when. But this one, they believe, may
rival or exceed in magnitude the 2004
Sumatra/Indian Ocean 9.2 tsunami
event.
One Sumatran coastal city, Padang,
population 833,000, is situated only 90
nautical miles directly east of the Gap.
In the event of an ocean earthquake in
Mentawai greater than magnitude 7,
this is the city where a tsunami could
strike first.
“Padang is the riskiest city in the world for tsunamis,”
said Patra Rina Dewi, a tsunami hazard education spe-

cialist based there, citing a National Geographic article
on tsunami dangers. Since the 2004 tsunami, she has been
working with the community to educate
members and develop an evacuation and
shelter plan. “We now tell our community that if you feel a strong earthquake
lasting 30 seconds or more and you can’t
stand properly, you must evacuate,” she
said. “Don’t take your vehicles, just walk.
The people should get three kilometers
from the beach in less than half an hour.
Or they have to reach a higher building or
higher land at least 15 meters high to be
safe.”
Coping without End
That message is pervasive around Indonesia’s island fault lines. “Our subduction
zones are three times greater in size than
Japan’s, and Mentawai is one of the most
suspicious areas,” said Danny Natawidjaja, Ph.D., a paleo-seismologist with the
Indonesian Institute of Sciences (LemSummer 2018
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PHOTOS FROM LEFT: Balinese boys near
the Mount Agung Volcano Observatory wear
the head covering known as Udeng, Bali’s traditional head covering for men. Photo: Wibi
Pangestu Pratama. A village near Banda Aceh is
still semi-submerged seven days after the December 26, 2004, tsunami. Photo: U.S. Navy.

baga Ilmu Pengetahuan Indonesia, LIPI). Natawidjaja
is best known for mapping Indonesia’s deepest ocean and
land faults. Collaborating with American seismologist
Kerry Sieh, Director of the Earth Observatory of Singapore, he also predicted within six months the likelihood
of the 2004 Indian Ocean Tsunami. Today he worries
the work is too overwhelming. “The main focus of the
government is to make people ready for a tsunami, [but]
we have to have a focus on which one is most likely. To
do that, we need enough knowledge about earthquake
sources that have the most potential for damage in the
near future.” Research money is never enough, he says,
and there are huge swaths of Indonesia that have yet to
be mapped or explored.
What, then, do Indonesians do to cope, prepare, and
survive? The answers are complex. First of all, few Westerners, much less Indonesians, understand the frequency
and unpredictability of seismic disasters across the
3,000-mile wide archipelago. With 6,000 islands housing
the Indonesian population, the “last mile” is the biggest
problem; many islanders are still without regular access
to the Internet, cell phones/SMS, or even a radio. It’s
hard to disseminate disaster warnings and information to
affected remote areas in time, especially if provincial or
local community officials are preoccupied or incredulous.
Big Progress Made
Further, the science of earthquake prediction hasn’t
advanced sufficiently to assure precise timings or schedules. Scientists have made big progress measuring plate
movement and fluid dynamics of the earth’s lithosphere;
and a hot new area of interest in Indonesia, especially,
is studying the uplift of coral micro-atolls, many of them
displaced during past earthquakes. These uplifts suggest potential cycles of tectonic history; an elevated atoll
shows physical changes that may also yield clues leading
to forecasts of future seismic events.
Volcanic eruptions, on the other hand, are easier to
forecast and much noisier. In November and December
2017, for example, Mount Agung in Bali and Sumatra’s
Mount Sinabung, which sits on the Sumatran Fault (a
second fault bifurcating Sumatra island that runs parallel
to the Sunda Megathrust), both erupted under predictable circumstances. Mount Sinabung, the 2,460-metre
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stratovolcano, started erupting in
August 2010 for the first time in more
than 400 years; after three years of
inactivity, Sinabung erupted again
in September 2013 and has remained
highly active since. Eastern Bali’s
Mount Agung hadn’t erupted since
1963, but it showed all the signs
beginning last August into September, according to Dr. Devy Kamil
Syahbana, a scientist monitoring the
volcano with the Indonesian Center
for Volcanology and Geological Hazard
Mitigation (Pusat Vulkanologi dan
Mitigasi Bencana Geologi Badan).
“In September we saw smoke coming out of the crater; and though for other volcanoes it might be normal
to see smoking, for Agung it’s not normal. Agung is a
phreatic-magmatic eruption,” he said, which means that
the volcano combines magma and ground water, releasing intensifying emissions of steam and gray ash into the
stratosphere. Phreatic eruptions can be abrupt and sudden—or they can escalate predictably as Agung did.
“Because of the technical changes in volcanic science,
we have fewer victims in the past 20 years,” Kamil said.
“For example, two decades ago we didn’t have broadband
seismometers or multi-gas analyzer spectroscopy to give
us insights into the physical processes inside a volcano,”
he said. “Now, volcanic eruptions are among the most
predictable of geological disruptions. Still, you can’t predict earthquakes, and that hasn’t changed.”
Fires, Floods, and Tornadoes
Although the 2004 Aceh-Andaman quake was certainly
classified among scientists and the media as a “showstopper,” possibly because it represented a once in a century
or two occurrence, Indonesia actually experiences an
average of 2,000 natural disasters a year. More than 90%
are caused by storms and wet weather (rainy season lasts
from October to May). The country battles flooding rains
and mudslides, frequent tornadoes, along with forest
fires, some of them from farmers burning peat lands and
jungle to cultivate palm oil and other plantations, especially in Sumatra and Kalimantan (the Indonesian part
of Borneo). This leads to air pollution and island “subsidence”—sinking; in Sumatra, subsidence is already a huge
problem.
In 2016, Indonesia logged 2,342 natural disasters, the
highest in 15 years, according to the National Disaster
Mitigation Agency in Jakarta, the overall coordinating center for disaster preparedness (BNPB, short for
Badan Koordinasi Nasional Penanggulangan Bencana).
In 2017, Indonesians reported 787 floods, 716 tornadoes,
614 landslides, 96 forest and land fires, 19 droughts, 20
earthquakes, two eruptions (Mount Sinabung, Sumatra
and Mount Agung, Bali) and 11 tidal waves. Further,
3.4 million people were displaced that year as a result
of single or compound incidents. More than 300 were
killed; a thousand were injured; and that’s just an aver-

age year. An earthquake
in Yogyakarta in 2006,
for example, killed 5,000
local residents, destroying or damaging 150,000
homes. The quake also
knocked the heads and
torsos off thousand year–
old stone guardians and
avatars leading to the 9th
century temples of Borobudur and Prambanan,
two of Indonesia’s most
sacred Buddhist and
Hindu sites.
While Indonesian
scientists have called for
new technology to more
quickly detect natural
disasters in order to save
lives, an array of other
factors intervene. These
include Indonesian politics and poverty—some
localities just don’t pay
attention to disaster
warnings or mitigation efforts until it’s too late, while
weak infrastructure, budgets, and conflicting agendas
of multiple disaster agencies may muck up cooperative
efforts. In addition, too many homegrown government
IT systems and databases have hampered cooperation
because the systems were essentially incompatible.
“Before 2012, even with the earthquake disasters of
2004 and 2009, Indonesia didn’t have a good warning or
monitoring system for disaster management,” explained
Dr. Sutopo Nugroho, information director of BNPB, the
organization responsible for spearheading response to
natural calamities. “If we had an earthquake or volcano
and lots of citizens accessed our websites for information,
too often the sites crashed,” he said.
Single Platform
Since 2012, with the help of the Pacific Disaster Center
(PDC) and USAID, BNPB has modernized. It’s now
adopted a single international platform for monitoring
and acting on all flavors of natural hazards in real time.
Known as InAWARE 6, a variant of DisasterAWARE,
the system creates a series of interactive (touch-screen)
graphical displays integrating island(s)’ population data
and risk maps with multiple data feeds showing the
severity and size of Indonesian weather events, along
with colored “bulls-eyes” indicating the locations of earthquakes, volcanoes, fire, mudslides, and tsunamis. Decision
makers at headquarters then analyze the data and issue
advisories, instructions, and disaster mitigation plans.
“InAWARE 6 isn’t a prediction system,” said Chris
Chiesa, Deputy Director of PDC, the organization
responsible for supporting the Indonesian deployment
along with USAID. “But rather it incorporates data and

alerts from various international and national sources
of tsunami warning, volcanoes, and others hazards.”
Among those inputs are alerts from BMKG (Badan
Meteorologi, Klimatologi, dan Geofisika), Indonesia’s
domestic agency for geosciences and meteorology, BIG
(Bersama Menata Indonesia), a domestic geospatial
mapping agency. The United States Geological Service
(USGS), the US National Oceanic and Atmospheric
Administration’s (NOA) Pacific Tsunami Warning Center
also take part, along with other hazard monitoring centers from Japan, Australia, and from India, members of
the Indian Ocean Tsunami Warning System (IOTWS).
“Disaster mitigation is really a matter of people to
people communication,” Nugroho continued. “So information systems is just a supporting thing. What BNPB is
trying to integrate is the local wisdom of communities
with the technology so that people can build community
capacity to cope with the disaster itself.” An example:
BNPB interviewed members of the Yogyakarta community about how they wished to be evacuated when the
volcano Mount Merapi erupted in 2010. “The townspeople
said they wouldn’t move without their assets,” Nugroho
said, “so BNPB coordinated with President Joko Widodo
who signed an order allowing the military to evacuate the
local community to temporary shelters along with their
livestock.” The same strategy was used to successfully
evacuate residents of Mount Agung in Bali in November
2017 when the volcano began spewing fountains of gas
and ash, disrupting commercial air traffic and darkening
the Bali skies.
Nugroho, 48, who holds a doctorate in agricultural
science, is Indonesia’s face of disaster relief, a veritable
“master of disaster” who speaks frequently to the press
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PHOTOS FROM LEFT: Patra Rina Dewi, an earthquake and tsunami education specialist in Padang,
describes the challenges of disaster preparedness.
Iwan Hermawan of the Earth Observatory of
Singapore (EOS) explains the operation of a GPS
station, one of nearly 60 deployed for seismic
research in the Indonesian islands. Photos: Wibi
Pangestu Pratama.

and enjoys guiding visitors to BNPB’s fabulous headquarters museum featuring bas reliefs of rescue personnel along with graphical displays of Indonesia’s most
notorious earthquakes, tsunamis, and volcanic disasters.
Nugroho has also guided the country’s modernization
efforts over the past decade to improve communications,
disaster warnings, and outreach to local communities.
For example, Indonesia now has a network of seismic,
tsunami, and volcanic detection systems, however imperfect, that include strategically placed seismometers and
accelerometers in and around subduction zones in Sumatra, Java, Bali, Sulawesi, and Papua, among other islands,
along with shoreline tidal gauges, and on-beach cameras.
BMKG developed a tsunami warning and decision support system, known as InaTEWS, in conjunction with
German scientists after 2004. The system, effectively
deployed in 2008, promises a tsunami threat response
and dissemination of initial data and advisories (including
color-coded tsunami warnings) within five minutes of a
suspicious quake event.
Vandalized Buoys
While seismometers and other equipment work reasonably well in the InaTEWS network, the tsunami warning
system still lacks GPS geodetic equipment and a series
of functional ocean buoys, pressure sensors or DARTS—
aka Deep Ocean Assessment and Reporting sensors—to
confirm findings about suspicious events.
DARTS are positioned on sea bottoms to measure
changes in water pressure and depth as an earthquake
shakes the sensors and, in some instances, a tsunami
wave passes overhead. The sensors should, in theory,
send their data to the network of ocean buoys outfitted
with electronics that send data to the BMKG Tsunami
Warning Center (BMKG also monitors weather, climate
change, geology, and other threats). However, in March
2016, all 22 of the Indonesian ocean buoys installed for
this purpose failed during a 7.8 magnitude earthquake
that struck about 500 miles from Padang on Sumatra’s
west coast. The quake prompted immediate BMKG tsunami evacuation warnings, sending local disaster organizers and panicky residents of Padang scurrying to higher
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ground. But no killer wave materialized. It took authorities three hours to
rescind the evacuation order.
“Of the 22 buoys, they’re gone
because of vandalism and lack of funding for maintenance,” acknowledged
Ariska Rudyanto, a seismologist and
disaster preparedness engineer with
BMKG in Jakarta. Reportedly, all the
buoys were stripped for parts or used,
unwittingly, by local fishermen seeking
anchors for their boats.
“Seismic data is supposed to be
integrated with a geodetic system and
GPS [to confirm tsunami findings],”
said LIPI’s Natawidjaja. Of 18 tsunami
warnings issued by BMKG thus far, for
example, six have been false alarms, a failure rate about
comparable to that of Japan. The Japanese, though, are
conditioned to obey all tsunami warnings, while Indonesians are more casual. “If people perceive too many false
warnings, then they don’t pay attention to the real things
coming,” Natawidjaja said.
More Vexing Issues
There are other, more vexing issues behind the technology snafus. For example, Jörn Behrens, professor of
mathematics, University of Hamburg, who was heavily
involved in developing the simulation system within the
German-Indonesian Tsunami Early Warning System
(2006-2009), says politics too often got in the way of common sense. In 2006, for example, though German politicians supported the warning project, they were facing
elections, and “they wanted to see fast results.” So when
the buoys were deployed in Indonesian waters, they were
not thoroughly tested. “Technically, they did work, providing data, but they were placed too close to the source
of potential tsunamis.” While this poses the problem that
the buoy cannot distinguish between water waves and
earthquake signals, it is—on the other hand—required,
since otherwise the warning time is too short or nonexistent. “The wave could reach the shore even before
reaching the buoy!” Behrens explained. He believes the
2016 media exposure of the failed buoys was really part
of another agenda—namely, to draw attention to Indonesia’s desperate need for more funds to repair or replace
the ocean buoys entirely with another, more effective
earthquake and tsunami sensing technology.
As Behrens and Natawidjaja are well aware, the hazardous Mentawai Gap is a likely target for the next quake
and tsunami event. Though the Gap, which is part of the
Sunda Megathrust, has been quiescent for around 200
years, accumulating stresses caused by subduction of the
Indo-Australian plate beneath the lighter Sunda subplate
(part of the Eurasian plate) are causing concern. The rate
of subduction is 5 to 7 cm a year, but in all, the heavier
plate has already been pulled under 15 to 18 meters,
causing significant deformation of the upper plate, which
is shortening and bowing downward, storing potential

energy like a loaded spring (this
phase is known as interseismic). When the rupture finally
occurs, the lower plate will
move deeper—10-30 meters on
average, while the upper plate
will spring back to its original
elevation, raising the ocean
floor, and with it, the possibility
of tsunami.
“The Gap is locked and loading energy, and there has to be
an event to release the stored
energy,” said Iwan Hermawan,
Ph.D., a geodesist and research
fellow at EOS. This particular
patch of the Mentawai Gap is
most vulnerable to a big shake because earlier quakes
have already released significant energy from sections
both north (Aceh-Andaman 2004, 2005), and further
south. “The epicenter of the 2007 quakes was roughly
300-400 kilometers south of the coastal city of Padang,”
Hermawan explained. “In 2007 in Bengkulu Province we
experienced a big shake but no tsunami because at this
location the earthquake was quite deep. But this part of
the Mentawai [faces] the most populated area of Sumatra, Padang, so the risk is high.”
High, yes, but not impossible to overcome. Patra Rina
Dewi of Padang says the town has actually built a tsunami shelter close to the coast. The structure resembles
a multi-story parking lot with concrete stairs, rails, and
circles and gates—presumably to drain water. But it’s
hard to imagine what would happen if the size of a tidal
wave exceeded 20 meters or more.
‘Scaring the Tourists’
After the 2004 disaster, Dewi recalled, “at first we
tried to deny it…people here even said ‘Don’t mention
the word tsunami because it will invite one.’” By 2005,
even with EOS’s Kerry Sieh trying to convince local
stakeholders to prepare, people resisted, she continued.
“The Padang government asked us to stop our education
program because they said we were scaring the tourists.
But after the earthquakes of September 2007 that were
greater than 7+ magnitude, the government woke up and
started trusting our organization. They gave us money
for one year.”
Both BMKG and BNPB provided content for educating children and adults, she added, but today government
money for training and drills is scarce. Dewi persists,
but fears that a key bridge providing the only escape
route inside one quarter in Padang will collapse during
a tsunami evacuation, leaving as many as 200,000 people
without a way out.
Technology and infrastructure improvements, in fact,
may only go so far to ensure survival. The best way to
save Indonesia’s people will be education, disaster preparedness, and reliance on group memory. EOS’s Kerry
Sieh and Danny Natawidjaja say that relatively inexpen-

sive measures could have saved tens of thousands of lives
in 2004—and will still be effective now.
“We think that a sophisticated early warning system
is not as crucial for saving lives as knowledge, which is
much more crucial,” Natawidjaja said. Scientific research
linked to public education about the hazards—when,
where, and why they are likely to occur—plus adequate
warning and a strong emergency preparedness plan,
including identifying the best escape routes, could mitigate hazards. At-risk Indonesian communities can also
strengthen buildings against shaking or move low lying
coastal homes and businesses to higher ground.
And then there’s the matter of local wisdom: “During the 2004 quake and tsunami, the people of Simeulue
island, only 40 miles from the epicenter, were saved
because they learned from the experience of their ancestors who recalled the 1907 tsunami,” Natawidjaja said.
“When locals saw the sea receding from the shore, they
knew what to do and escaped to higher ground.”
Only seven people on Simeulue perished in the 2004
tsunami out of a population of 70,000—an amazingly low
number compared to the 170,000 who died in nearby
Aceh Province because they failed to recognize the
tsunami warning signs. Sutopo Nugroho praises “local
wisdom,” and says that self-reliance and local knowledge
can help people survive. “We inherit gotong royong, the
‘working together’ spirit,” he said. “Our budget is not big
enough to handle all these challenges. But people in local
communities can use the stimulus money we provide to
rebuild themselves.
“People here help their neighbors, and that’s according to local wisdom,” Nugroho explained. “They know
that disaster belongs to us. It’s our responsibility to deal
with it. Working together is our strength.”
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