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Investigating long-lived oral traditions can therefore 
help to better understand the type, scale and frequency 
of  hazardous processes and phenomena in a particular 
region and may provide insights into the coping strat-
egies employed by previous generations. This knowl-
edge contained in oral traditions has recently been 
deployed in several local primary schools around Mer-
api to improve risk awareness in the local population by 
adopting cultural symbology as an additional commu-
nication tool. Initial test results are extremely promising 
and show enormous potential to overcome cultural bar-
riers between civil authorities and local interest groups 
at Merapi and similar volcanic regions elsewhere.

Volcano-earthquake interaction at Merapi

Volcano–earthquake interaction is a phenomenon 
that has only very recently been fully appreciated by 

Culture, religion and associated ceremonies are often 
used to communicate past societal experiences with 
respect to dangers and risk, including the threats from 
natural disasters. This type of  ‘disaster sub-culture’ is 
well developed around Merapi volcano in Central Java, 
Indonesia, and has at times led to friction between offi-
cial civil protection authorities and local communities. 
For instance, evacuation plans are not always readily 
accepted by some of  the local population on Merapi’s 
slopes due to sometimes opposing religious and cultural 
beliefs. Indeed, societies and individuals can hold multi-
ple convictions simultaneously, and the cultural percep-
tion of  a hazard greatly influences preparedness and the 
capacity to respond appropriately in times of  crisis. In 
this context, ancient oral traditions often inform about 
successful mastery of  natural hazards and associated 
difficult situations by previous communities.

Merapi volcano in Central Java, Indonesia, is one of the most hazardous volcanoes 
in Southeast Asia, yet humans have inhabited the area around Merapi since 
ancient times. As a consequence, a rich but complex volcano-related folklore 
has developed. The local legends describe the interaction of the spirit kings that 
reside within Merapi volcano and the Queen of the South Sea, who resides in the 
Indian Ocean near Parangtritis, some 50 km SSE of the volcano. The royal palace 
in Yogyakarta is located half-way between Merapi volcano and Parangtritis beach 
and is believed to balance these opposing forces. In 2006 and 2010, Merapi 
erupted explosively and on both occasions, earthquakes shook the region and 
caused the eruptions to grow more intense. Notably, the 2006 earthquakes 
clustered along the Opak River fault system to the south of the volcano that 
reaches the sea at Parangtritis beach, the fabled residence of the Queen of the 
South Sea. We argue that local legends were used to rationalize the dynamic 
interaction between the volcano and the frequent regional earthquakes through 
the rich oral traditions and ceremonies in the districts around Merapi. These 
legends can thus be thought of as comprising an ancient hazard catalogue with 
respect to local eruptive behaviour and seismic phenomena. This realization is now 
finding increasing use in communicating volcanic hazard knowledge to diverse 
local resident and interest groups, including local primary schools, with the aim to 
further reduce casualties in times of future volcanic crisis.
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modern science. Active volcanoes are long known 
to show volcanic tremors, volcano-tectonic (VT) 
and long-frequency (LF) earthquakes due to magma 
and gas movement at depth. These forms of  volcanic 
unrest may, however, interact with seismicity that 
derives from regional (tectonic) activity that can 
then, in turn, have repercussions for ongoing volcanic 
activity. This phenomenon has by now been observed 
repeatedly at Merapi volcano in Indonesia, where 
volcanic eruptions have demonstrably overlapped 
with regional earthquakes in, for example, 2006 and 
2010. This led, in both cases, to intensified eruptive 
activity and the observations from these events imply 
that on the one hand, volcanoes cause earthquakes, 
but that, on the other hand, their eruptive behaviour 
can also be affected by regional earthquake activity. 
Indeed, volcano–earthquake interaction is becom-
ing increasingly recognized in the recent volcano-
logical literature due to improved instrumentation 
at volcanoes, and we argue that ancient cases of  vol-
cano-earthquake interaction at Merapi volcano are 
recorded in the rich oral tradition around Merapi. 
While legends pre-date modern day technical moni-
toring and surveillance efforts by a long stretch, they 
are nevertheless of  considerable utility for modern 
volcanological efforts and for communicating natural 
hazard risk to diverse local interest groups, including 
school children.

Merapi volcano in Central Java

Merapi, in central Java, is part of  the active volcanic 
front of  the Sunda arc, which results from northward 
subduction of  the Indo-Australian plate beneath the 
Eurasian one. Java is home to a population of  ~130 
million people, and hosts ~20 percent of  the world’s 
active volcanoes. It therefore has the highest volcanic 
population vulnerability index in the world, which is 
exemplified at Merpi with over >5000 fatalities within 
the past 500 yr. The volcano is characterized by peri-
ods of  dome growth and intermittent explosive events 
and its recent eruptive activity has been dominated 
by basaltic-andesite dome lavas and associated dome-
collapse block and ash flows. Remarkably, despite its 
high level of  activity, over 1.1 million people live on 
the flanks of  Merapi in settlements that reach up to 
1700 masl on its slopes and as close as 6 km from the 
summit dome. Major eruptions are frequent (every 
8–15 yr), and Merapi as a whole has recently been con-
sidered to be at the beginning of  a phase of  increased 
activity, as was discussed by, for example, Gertisser 
and co-workers in 2011. Alarmingly, the 2010 erup-
tion represents Merapi’s most explosive event of  the 
last 100 yr and, moreover, the 2010 eruption started, 
for the first time in over 100 yr, to send block and ash 
flows toward the south of  the volcano, that is directly 
towards the city of  Yogyakarta.

Yogyakarta city is located in the lowlands of  the 
Solo (Yogyakarta) graben, a depression that extends 
from Merapi to the Southern Sea and which is delim-
ited by two major fault systems: the Progo Muria and 
the Opak River Fault zones (Fig. 1). The region inside 
the graben is made of  young sedimentary deposits 
that host an independent aquifer, which makes this 
region especially fertile and allows it to sustain a par-
ticularly high population density. This geological situa-
tion poses, however, increasingly serious challenges for 
hazard mitigation efforts in the region since the city of  
Yogyakarta is only ~25 km south of  the volcano and 
because many parts of  the settlements are built on 
lahar deposits that are unstable during certain types 
of  seismic activity (Fig.  1). Although Yogyakarta has 
a well-developed hazard mitigation system that is of  a 
very high standard, several risks can only be avoided 
by temporary evacuation. Participation of  communi-
ties in disaster counter-measures is not always read-
ily taken up by the rural population on the volcano’s 
flanks, however, making evacuation efforts unneces-
sarily complicated and less efficient than they could be.

The 2006 and 2010 eruption and earthquake 
events

The 2006 eruption of  Merapi lasted from April to late 
October of  that year. A magnitude 6.4 earthquake 
occurred on 26 May, that is, during the eruption, 
along a splay of  the Opak River Fault system south-
east of  Yogyakarta (Fig. 1), at a depth of  ~15 km. The 
earthquake accelerated the ongoing eruptive activ-
ity at Merapi and dome growth and rock avalanches 
increased by a factor of  3–5 in the 3 weeks following 
the earthquake. Moreover, as outlined by Walter and 
co-workers in 2008, the earthquake caused devas-
tating damage to Yogyakarta and its suburbs espe-
cially due to liquefaction of  the sedimentary deposits 
within the south-Yogjakarta region, killing >6500 
inhabitants and destroying 280 000 homes. In addi-
tion, on 14 June, the largest pyroclastic event of  the 
2006 eruption destroyed the village of  Kaliadem on 
the southern flank of  the volcano. As a result of  the 
earthquake and eruptive event, an estimated 1 million 
people were accommodated in temporary shelters and 
camps for many months after the 26 May event. The 
eruption eventually calmed down in late September 
2006 and finally stopped in mid-October 2006.

Four years later, in late October and November of  
2010, a large volcanic eruption of  unusual intensity 
occurred at Merapi. The eruption caused major air 
traffic disruptions and over 400 people lost their lives, 
although more than 400 000 people were success-
fully evacuated from a 20-km exclusion zone around 
the volcano. Seismic swarms in late 2009, and again 
in mid-2010, were followed by an increase in ground 
deformation and degassing from summit fumaroles 
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eruption, tragically, killed the gatekeeper of  Merapi, 
Mbah Marijan, on November 5, who refused to evac-
uate his village some 7 km from the volcano’s summit 
as he was convinced the spirits inside the volcano were 
peaceful in nature. The eruptive activity then gradu-
ally decreased in mid-November and eventually ceased 
in full by the end of  November 2010.

Volcano–earthquake interaction as observed in 
2006 and in 2010 might thus be a common phe-
nomenon at Merapi and might be especially intense 
during periods of  heightened eruptive activity. The 
2010 eruption together with large explosive events 
in 1931 and 1872 and those between 1822 and 
1872 have recently been suggested to possibly mark 
the onset of  a long-term phase of  intensified activity 
at the volcano, which would drastically increase the 
likelihood for magma–earthquake interaction in the 
region.

Socio-cultural backdrop at Merapi

Indonesia’s population is estimated at ≥240 mil-
lion, of  whom ~60 percent live on Java, an island 
that accounts for only ~7 percent of  Indonesia’s total 
land area. The population density on Java is very high 
(>1070 people/km2), compared to Europe (~256 peo-
ple/km2 in the UK and 22/km2 in Sweden). It has been 
estimated that over 1 million people live on Merapi’s 
flanks, and population densities reach 500 people/
km2 in some fertile valleys on the slopes of  the volcano 
(Figs 1 and 2). Indeed, volcanic ash on Merapi’s slopes 
makes for rich soils that produce three rice harvests 
per year, and many people in impoverished conditions 
choose to migrate further up the volcano’s slopes to 
seek out a better living. In addition, the block and ash 
flow type eruptions at Merapi provide rock and gravel, 
which is mined to provide building and road aggre-
gates. Lavigne and colleagues described, in 2008, how 
the several thousand sand and gravel miners enjoy 
income from this high-risk work that is about three 
times higher than that of  a lowland rice farmer, under-
lining that many people living on and around Merapi 
have adopted a risk-accepting lifestyle.

in early October 2010. On 26 October, a phreatomag-
matic blast began an eruptive sequence that culmi-
nated in a climactic outburst on 4 and 5 November. 
The 2010 eruption generated an ash plume that 
reached 12 km in altitude and produced pyroclas-
tic density currents that travelled for almost 8 km 
down the valleys of  the volcano’s southern flank (i.e. 
towards Yogyakarta). On 3 November 2010, a mag-
nitude 4.2 earthquake occurred south of  Yogyakarta 
at a depth of  ~60 km, and it has been proposed that 
this earthquake initiated the eruptive events of  4 and 5 
November (as outlined by Surono et al. in 2012). The 

Fig. 1. a. Location map of Merapi and Merbabu volcanoes (red 
triangles), Yogyakarta city area (orange hatched area) and city centre 
(white square), Parangtritis beach (yellow triangle) and the Progo 
and Opak River faults. The ‘Merapi-Kraton-South Sea’ axis (dashed 
line) links Merapi, Yogyakarta and Parangtritis beach (modified after 
Lavigne et al., 2008 and Walter et al., 2008). b. Close-up of (a) 
showing the young volcanic deposits and lahars that Yogyakarta city 
is built upon. c. Oblique aerial view of Merapi, the city of Yogyakarta 
with the Kraton, Borobudur and Prambanan temples, and Parangtritis 
beach. The locations of the Progo and Opak River faults are shown 
as white lines. d. Close-up image of the Opak River Fault (red dashed 
line) south of Merapi volcano. Location is shown in c. as (yellow star). 
(Images after Troll et al., 2015.)
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Fig. 2. a. View of Merapi 
volcano and the fertile plains of 
its surroundings. b. Traditional 
batik of Merapi and Merbabu 
volcano, and the surrounding 
agricultural fields. c. Modern 
batik by local artists showing 
Merapi and Merbabu. (Images 
from Troll et al., 2015.)

Although most Javanese people are aware of  sci-
entific explanations for natural phenomena, they 
often choose to draw on explanations that relate natu-
ral events to their social and religious world. Natural 
disasters in Java are frequently given spiritual signifi-
cance, and explanations for disasters often reflect cur-
rent issues that are discussed in Javanese society. 
Indeed, disasters are at times seen as punishment by 
higher powers for some form of  failure or disrespect. As 
outlined by, for example, Schlehe in 2010, many local 
people at Merapi related the 2006 volcano-earthquake 
events more or less directly to the myth of  the Queen 
of  the South Sea. According to this legend, the South 
Sea, the Sultan’s palace in Yogyakarta (Kraton) and 
Merapi volcano are connected along a powerful mys-
tical axis that provides protection for Yogyakarta from 
destructive natural events (Fig. 1), but which was out 
of  balance at the time of  the disaster. Although many 
local voices consider that Ratu Kidul, the ‘Queen of  the 
South Sea’, had sent the 2006 earthquake, others sug-

gested that it came from Allah reflecting the complex 
spectrum of  beliefs in contemporary Javanese society.

Presently, Islam is the major religion on Java and for 
its followers, suffering is viewed as a test of  faith and 
an act of  submission to God. It is thought that over 90 
percent of  Javanese people consider losses associated 
with eruptions or natural disaster as under the con-
trol of  some divine or supernatural force. Death and 
destruction is at times viewed as helping to re-achieve 
a natural and spiritual balance, generally reflecting 
an attitude of  great humility and a willingness by 
the people to sacrifice for society as a whole. To pro-
tect populations that may not always respond to offi-
cial scientific warnings and civil defence and authority 
instructions due to their cultural background, it might 
be necessary to better understand the cultural and 
social dynamics of  these communities and to develop 
more tailored communication strategies.

The Merapi–Kraton–South Sea oral tradition

Natural disasters such as violent volcanic eruptions 
often become the core of  legends. World-wide, increas-
ing numbers of  such myths and legends are linked 
with geological studies. These legends are often found 
to be a useful source of  information concerning the 
types of  natural hazards posed by a certain geological 
setting or to describe responses taken to them by ear-
lier communities. Merapi in Central Java is among the 
most hazardous volcanoes on the planet and at just 
under 3000  masl, Merapi towers over the surround-
ing Central Javanese lowlands (Fig. 2), which is likely 
why Javanese society has great reverence for the vol-
cano. For many in Central Java, Merapi hosts a sub-
terranean spirit world that interacts with the other 
mystical realms of  the region, as was described by Troll 
and others in 2015. The pre-Islam founding legends 
on Merapi state that when the ancient gods created 
Java, it was not balanced because of  a large volcano 
in the west. The gods wanted to move the mountain 
to Central Java, where the two brothers Rama and 
Permadi had a forge. When the two brothers insisted 
on staying, the gods became angry and threw part of  
the giant volcano at them. The thrown lumps became 
Merapi, Merbabu and Sumbing volcanoes (Fig. 2). The 
two brothers were buried under the first volcano and 
became the rulers of  ‘Merapi’, which likely means the 
‘fire of  Rama and Permadi’. Up to today, many villag-
ers near Merapi still believe that a spirit kingdom exists 
inside Merapi, ruled by Rama and Permadi, which 
is envisaged to be similar to the Sultanate in Yogya-
karta, comprising soldiers, workers, servants and an 
entire population of  spirits, some with great popular-
ity in certain villages (e.g. Mbah Petruk to the north 
of  Merapi). The ancestral spirits of  those who grew up 
on Merapi’s flanks are said to live on inside Merapi as 
workers and occasionally, spirits are said to appear and 
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prayers, emerged and took him to her kingdom under 
the sea. Senopati spent 3 days and three nights with 
the Queen and she educated him in strategy, magic 
and art. When Senopati departed, the Queen promised 
that she would help him and his offspring whenever 
required and that she would especially protect him and 
his dynasty against the hazards from nearby Merapi. 
On the basis of  this legend, the present-day Islamic 
court of  Yogyakarta still performs annual offering at 
Merapi and at the South Sea (e.g. the Labuhan cer-
emony; see above) to pacify the spirits and/or natu-
ral forces. Indeed, the legend states that to this day, 
Ratu Kidul visits the Sultan in Yogyakarta on certain 
occasions. The Queen then travels on the Opak River 
to the kraton and ‘drums accompany her journey as 
the Queen’s spirit bodyguard beats percussions’, as is 
reported in Fischer and Danandjaja in 1994. The royal 
palace in Yogyakarta (Kraton) is located half-way on a 
hypothetical axis that connects Merapi and Parangtri-
tis (the so-called Merapi-Kraton-South Sea axis, Fig. 1) 
and balances these two mystical forces. Indeed, the 
Sultan’s palace in the centre of  this alignment is con-
sidered especially rich in spiritual power (Fig.  4) and 
the Sultan is expected to control the forces acting upon 
the alignment. In Yogyakarta city, the axis is marked 
by a series of  monuments, including the Tugu and the 
Yogya Kembali monuments. As explained by Karsono 
and Wahid in 2008, the former is an obelisk-type spine 
that commemorates the creation of  the Yogyakarta 
Sultanate in the eighteenth century, while the latter 
is a 1980s pyramid-shaped memorial dedicated to the 
Indonesian National Revolution of  1949, reflecting 
the impact of  the ancient myth throughout the centu-
ries and up to the present day (see Fig. 5).

Although research concerning culturally over-
printed information is often challenging, because cul-
tural transmission is less clear than direct written 
transmissions, we can hypothesize that the Merapi–
South Sea legend was retained and strengthened over 
generations amid variable religious and cultural influ-
ences, likely because it resonated and still resonates 
with the local population. This is because it reflects a 
fundamental relationship between important ‘natu-
ral forces’ in the region; those between earthquakes 
and volcanic eruptions at Merapi volcano. We there-
fore interpret the Merapi–South Sea legend to reflect 
volcano–earthquake interaction, which was likely a 
common phenomenon in previous high-activity erup-
tion cycles at Merapi and represents a recently re-dis-
covered phenomenon, consistent with the notion of  an 
upcoming increased activity cycle at Merapi. The core 
information recorded in the MKSS tradition is thus the 
link between volcano and earthquakes, which mod-
ern volcanology has only begun to grasp over the last 
two decades or so. The phenomenon is, however, duly 
recorded in the ancient oral traditions at Merapi and 
in 2006 and 2010, the volcano reproduced the wor-

give messages of  warning to humans in the region. In 
turn, if  the Merapi kingdom needs a new worker, a per-
son on Merapi’s flank or dome will die. A secret tunnel 
connecting the kingdom of  Merapi with the kingdom 
of  the South Sea is rumoured to exist.

Ratu Kidul, the legendary Queen of  the South Sea, 
is the ruler over fresh and salty waters on the Earth 
and in the oceans. She controls the violent waves of  
the Indian Ocean from her residence offshore. She is 
usually portrayed as a beautiful woman dressed in 
green. The colour green is her favourite and it is for-
bidden for ordinary people to wear it along the south-
coast of  Java. The devotional paintings to the Queen 
by local artists and the annual offerings by the Sul-
tan reflect her immense popularity to the present day. 
For instance, in her honour, the Labuhan ceremony is 
held once a year and gifts are sent afloat into the sea. 
Belief  has it that she gives out either fortune or misery, 
depending on how offerings are made, and that she is 
dangerous to those who disrespect her or her author-
ity. Offerings of  food, flowers, fabric and clippings of  
the Sultan’s hair and finger nails are meant to ensure 
her blessing and the region’s safety (e.g. Fig. 3).

Parangkusumo, near Parangtritis, is the alleged 
place of  the first encounter between Ratu Kidul and 
Senopati, founder of  the Mataram kingdom (ruled 
from 1584 to 1601 ad). Ratu Kidul, alerted by his 

Fig. 3. a, b. Parangkusumo 
shrine near Parangtritis beach. 
This site is believed to be the 
location of the first encounter 
between Ratu Kidul and 
Senopati. Flowers and incense 
gifts at the entrance of the 
temple are offered as a gift to 
the Queen during the ceremony 
in her honour. c, d. Traditional 
batik paintings of Ratu Kidul, 
Queen of the South Sea. c. Ratu 
Kidul rides a dragon and holds a 
trident and d. she rides a chariot 
out of the waves and on to land. 
(Images after Troll et al., 2015.)
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Fig. 4. a. Photo of a painting of 
the Merapi–Kraton–South Sea 
axis displayed in the Kraton in 
Yogyakarta (annotated by the 
authors). Note the absence of 
the Yogya Kembali monument 
from the painting, as the 
painting pre-dates construction 
of the monument in 1985. b. 
Schematic representation of 
the Merapi–Kraton–South Sea 
axis (modified after Lavigne 
et al., 2008) with traditional and 
relatively recent constructions in 
Yogyakarta marked (e.g. Kembali 
monument). (Images from Troll 
et al., 2015.)

ries expressed in the Merapi–South Sea oral legend. 
Consequently, past and future scenarios like the ones 
in 2006 and 2010 appear extremely likely.

Can Merapi influence regional earthquakes?

Notably, the earthquake epicentre in 2006 was asso-
ciated with a splay of  the Opak River fault system near 
the southern coast, which happens to be along the 
mystical route that Ratu Kidul travels when visiting 

the Sultan’s palace in Yogyakarta. The axis between 
Merapi and the South Sea likely relates to two major 
fault zones in the region (Fig. 1), which would imply 
that volcano–earthquake interaction via structural 
weakness zones is a central feature of  the regional 
geology, and is thus, not surprisingly, reflected in 
long-lived (ancient) oral traditions. The issue at Mer-
api is compounded by the recent finding that CO2 
can lubricate the slip planes of  crustal and volcanic 
faults, and so it is conceivable that regions with ele-
vated CO2 flux may experience higher earthquake 
activity triggered by elevated gas pressures. Magma 
movement under Merapi would be dominantly within 
limestone bedrock and may thus promote magma-
carbonate interaction along new fracture surfaces, 
which may lead to degassing and consequent CO2 
migration. Experiments by Deegan and co-workers 
reported in 2010 and 2011 have demonstrated that 
this process would rapidly increase the CO2 pressure 
in the magma plumbing system, which would sup-
port the at times apparently erratic explosive eruption 
styles. Accepting that elevated CO2 pressure may play 
a role at Merapi, we must realize that the 2006 erup-
tion was already ongoing for 6 weeks prior to the May 
26 earthquake, so it is very possible that the eruption 
produced CO2 degassing from magmatic degassing 
and from crustal limestone, releasing liberated CO2 
into crustal fracture zones. This could have changed 
the local stress regime and promoted earthquake 
activity elsewhere along the complex, but intercon-
nected fracture network. This idea is consistent with 

Fig. 5. Architectural elements 
on the Merapi–Kraton–South 
Sea axis (from Troll et al., 2015). 
a. The current Royal Palace of 
Yogyakarta, (the Kraton) was 
built in 1790. b. Yogya Kembali 
monument (built in 1985) built 
to commemorate the recapture 
of Yogyakarta during the 
revolution years (1945–1949). 
c. The Tugu monument (built 
in 1755) commemorates the 
establishment of the Yogyakarta 
Special Region and is a symbol 
of unification in Yogyakarta.
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Practical findings

Following the work of  Derex and colleagues from 
2013, the development of  cultural complexity is 
linked to population size, with large and dense pop-
ulation groups usually developing higher degrees of  
cultural diversification. This is due to higher probabil-
ities of  observing and recording unusual or sporadic 
(but significant) events and the ability to modify rich 
local myths and traditions by adding successive layers 
to existing legends. Culturally transmitted knowledge 
is thus an effective tool large groups of  people employ 
to ensure information flow over time. The local geo-
graphical and geological environment that is prone to 
volcano–earthquake interaction around Merapi thus 
formed the basis of  a multilayered oral tradition that 
incorporated the experiences of  many human gen-
erations from varying cultural and religious back-
grounds and episodes. Buddhism, Hinduism and 

elevated (limestone- derived) δ13C values in fuma-
role gas in 2006 relative to values before and after 
the eruption, as reported by Troll and co-workers in 
2012. Combining this information with estimates of  
fluid travel speeds in faults and fractures   (Zoback 
& Harjes, 1997), CO2-rich fluids could have traveled 
from Merapi to the Opak river fault system within just 
a few weeks.

This chain of  events, whereby volcano and earth-
quakes seemingly interact in a positive feedback loop, 
underlines that crustal earthquakes can intensify on-
going eruptions independently of  traditional mag-
matic processes, while, in turn, magmatic activity at 
Merapi may be crucial in promoting regional seismic 
activity. Volcano and earthquakes therefore appear to 
‘communicate’ with each other at Merapi and likely 
have done so for some time, thus providing a ‘natural 
substrate’ for the rich oral traditions in the region.

Fig. 6. a. Prambanan Hindu 
temple built in the ninth century. 
b. Sambisari Hindu temple built 
in the ninth century and located 
about 8 km east of Prambanan 
Temple. c. Borobudur Buddhist 
temple was built in the late 
eighth to early ninth century. 
d. The deity Tara depicted at 
Borobudur. (Images from Troll 
et al., 2015.)
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Islam have all built on and exploited the Merapi–
South sea legend (see Figs 5 and 6). Troll et al. (2015) 
argued that repeated experience of  the legend’s valid-
ity by successive generations of  people likely con-
firmed and so strengthened the legend, thus keeping 
it alive over many centuries (Fig. 7). This realization 
tells us that volcano–earthquake interaction was 
most probably a frequent phenomenon during past 
volcanic episodes at Merapi and that we might need 
to prepare for further events of  this type in years to 
come.

In this respect, we need to perhaps look at the real-
ity that, despite the obvious volcanic threats and the 
extensive emergency plans at Merapi, local residents 
do not always follow official warnings, and at times 
certain groups simply refuse to evacuate. For example, 
residents along the Gendol River refused evacuation in 
2006, even though they were exposed to eruptive haz-

ards, choosing instead to trust their traditional beliefs 
in protector spirits that reside inside the volcano.  
Also, during the 1994 and 2006 eruptions, the poor 
residents of  the Boyong valley were evacuated, but 
returned to their settlements daily, because of  the 
threat of  looting and the risk to their remaining live-
stock, despite a ban by the authorities. This short-term 
risk perspective creates reluctance among the local 
population to abandon property and refusal to adhere 
to evacuation protocols is frequently justified with ref-
erence to the spirit world and local legends.

Traditional agricultural societies are critically 
dependent on their knowledge of  natural phenom-
ena and cyclicity. Documentation of  natural hazards 
and how communities have coped with disaster in the 
past transcends the centuries and religious episodes 
in the region, which was used by Troll and co-work-
ers in 2015 to suggest that local legends may allow 
authorities to bridge views and perspective between 
local interest groups, scientists and civil protection 
management  teams by taking reference to the geo-
logical links between oral traditions and natural phe-
nomena and processes. This relationship between oral 
tradition and modern volcanology, that is linking leg-
ends to natural hazards, may thus help foster dialogues  

Fig. 7. Correlation of a. temporal variations in SiO2 cyclicity in 
eruptive rocks from Merapi volcano over the last 2000 yr (after 
Gertisser and Keller, 2003), showing that Merapi may be at the start 
of a new cycle of heightened activity. b. Broad overview of cultural 
history in Central Java (after Troll et al., 2015). Hinduism started to 
arrive in Java in the first to third century ad and became the dominant 
religion by the early eighth century. During this period, the Temple 
of Prambanan was built (Fig. 6), but was abandoned at ~930 ad, 
probably because of intense eruptions at Merapi. Buddhism also 
arrived in Java around the second century and was running parallel to 
Hinduism for a considerable time. The construction of the Borobudur 
Buddhist Temple dates to ~830 ad. Buddhism declined from around 
the twelfth or thirteenth century, initially at the expense of Hinduism 
and in particular the Java-Shiva cult (Fig. 5), and then further in the 
sixteenth century when Islam spread to become the dominant religion 
in Java. Although the arrival of Islam dates back to as early as the 
eighth century, it was not until the thirteenth century that it began 
to spread widely through Java. Important dates during the Islamic 
period (yellow stars) are the foundation of the Mataram Kingdom in 
the late sixteenth century. Agung of Mataram assumed the title of 
Sultan in 1633 and adopted the Islamic lunar calendar. Establishment 
of the Yogyakarta Sultanate in its current form occurred in 1755 
and resulted in construction of the Kraton palace and the Tugu 
monument. The construction of the Yogya Kembali monument, in the 
1980s commemorates the struggle for independence in the 1940s. 
The Merapi-Kraton-South Sea (MKSS) oral tradition thus combines 
Hindu, Buddhist as well as pre-Hindu animistic beliefs, plus several 
layers of Islamic overprint. The oral tradition likely dates back to at 
least the time around the third to fourth century where animist beliefs, 
Hinduism, and Buddhism blended in the backdrop of heightened 
activity at Merapi.
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Indeed, this form of  information transmission by 
local legends appears to hold true to the very present. 
For instance, Atmojo and co-workers 2018 have most 
recently released a careful study from four primary 
schools located at the slopes of  Merapi volcano. Local 
legends were incorporated into the natural hazards 
teaching curriculum at three of  the four schools. The 
improved teaching materials had measurable effects 
on hazard preparedness, emergency response, reha-
bilitation and reconstruction knowledge at the three 
selected schools, which are all important factors when 
building resilient and responsive communities. Spe-
cifically, the approach tested pupils for hazard knowl-
edge and attitudes towards disaster before and after the 
learning module. In the three schools where science, 
environment, technology and society (SETS) teach-
ing on hazard awareness and disaster prevention was 
coupled with knowledge on ancient and local tradi-
tions, the exam results were consistently better, with 
between 10 and 22 percent improved responses in dis-
aster management knowledge relative to the fourth 
(control) school that did not have the local traditions 
integrated into their curriculum. Moreover, all three 
schools where local legends and ancient wisdom were 
implemented produced a rating of  over 70 percent of  
students attaining a ‘high level’ in knowledge gain, 
which according to Indonesian education assessment 
comprises a ‘high’ increase in performance, while the 
control school achieved a ‘medium’ level of  knowledge 
gain from the learning module on natural hazards 
only. The improved teaching was adapted in accord-
ance with the Sendai framework for Disaster Risk 
Reduction (2015–2030), aiming to reduce casualties 
and risk for society and infrastructure and the preven-
tion of  new risk, instead of  ‘old-style’ disaster manage-
ment. In this context, the perception that disasters are 
unpredictable is altered towards a perception of  inte-
grated hazard preparedness, advanced hazard warn-
ings and developing disaster coping  strategies.

The data reflect that the transfer of  knowledge 
about disaster alertness is greatly aided by an inte-
grated learning design, whereby science, engineer-
ing and technology (SETS) material is coupled with 
locally familiar legends and oral traditions. The local 
wisdom offers a bridge between scientific concepts 
and observations for learners as it allows to integrate 
personal experiences from the natural environment. 
This permits a deeper and more comprehensive mas-
tery of  disaster knowledge within local populations 
and will improve responses to evacuation alerts. This 
ability of  local legends to cultivate people’s response 
to natural hazards and disaster shows that these leg-
ends are valid to the present day and are still doing a 
marvellous job at helping populations to become more 
 resilient.
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