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Preamble 

The  Group on Earth Observation (GEO) supports the Geohazard Supersites and Natural 

Laboratory initiative (GSNL), a voluntary international partnership aiming to demonstrate the 

societal benefits of the increased availability of space- and ground-based data for geohazard 

assessment and DRR. The demonstration is carried out over selected, high risk areas of the 

world, the Supersites or Natural Laboratories. For these areas a joint effort is carried out: the  

space agencies, through the Committee on Earth Observations Satellites (CEOS) provide 

satellite imagery at no cost for scientific use, monitoring agencies provide access to ground 

based data, the scientific community can analyse, model, and interpret these data to generate 

state of the art scientific results. Finally, coordination by the local agencies in charge of disaster 

prevention or response ensures that the new knowledge is used by the DRM community to 

support hazard assessment, disaster monitoring and response actions, eventually enabling the 

local communities at risk to become more resilient to the effects of geological hazards. 

Southeast Asia is globally the region most affected by multiple geohazards. The frequent 

volcanic eruptions, earthquakes, landslides occurring in the area often result in massive natural 

disasters when they are met with exposure and vulnerability.  

The purpose of this White Paper is to state the case for a GEO Natural Laboratory for 

Geohazards in Southeast Asia, presenting its rationale, motivations and its expected direct 

societal benefits. In the following we detail some of the general principles and we propose a 

roadmap to implementation.  

Some regional organizations and parties which hold an interest in the SEANLab objectives have 

already expressed their verbal interest in the NL concept. A further step is now necessary to 

verify actual interest to implementation and identify possible problems or drawbacks. 

We expect the community to use this working document as a base for an open discussion. 

Please send comments, suggestion, contributions, and amendments to: 

stefano.salvi@ingv.it     and     FGaetani@geosec.org 

mailto:stefano.salvi@ingv.it
mailto:FGaetani@geosec.org
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1. Document history 

This proposal originated from a splinter session held on 12 September 2014 at the Cities on 

Volcanoes conference in Yogyakarta, Indonesia, chaired by F. Amelung of the University of 

Miami and from follow-up discussions with scientists at the Pusat Vulkanologi dan Mitigasi 

Bencana Geologi, and at the Institute of Technology of Bandung,Indonesia.  

The proposal concept was then presented in various occasions to a number of stakeholders: at 

a preparatory meeting for the 2015 WCDRR (Nov. 2015), at the Nov. 2015 CEOS Plenary, 

during a meeting with Indonesia space agency (LAPAN) in Nov. 2015, at a technical meeting 

organised by JAXA at the Committee On the Peaceful Use of Outer Space (COPUOS) of 

UNOOSA (Feb. 2015).  
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2. SEANLab background and rationale 

The Southeast Asia region has the world’s highest levels of multiple geohazards, whose effects 

may strike from the very local scale (e.g. landslides), to regional scale (earthquakes, volcanic 

eruptions), but also to global scale (mega-earthquakes and mega-eruptions). The concurrent, 

ever-increasing urbanization and population expansion in the region imply growing levels of 

exposure, which result in an increasing number of disasters triggered by hazardous events..  

We believe that the South East Asia Natural Laboratory could provide a framework for a more 

effective generation of research products needed to improve hazard and risk assessment, and 

ensure an easier and more timely uptake of state of the art geohazard science by the relevant 

end-users. 

2.1. Volcanic risk 

Volcanic hazard 

Volcanic activity generates a variety of hazardous effects:  lava flows, pyroclastic flows, ash and 

ejecta fall, ground deformation, gas plumes, landslides, mud flows, etc. All frequently occur in 

the region with magnitudes often very high. 

The entire SE Asia region has a total of 245 active volcanoes (141 in Indonesia, 50 in the 

Philippines and 54 in Papua New Guinea), 93 of which have been active in the past century. 

Some of these volcanoes have very high destruction potential: te eruptions of Samalas volcano 

in the year of 1257 and of Tambora volcano in 1815 were the largest eruptions of the past 

millennium. Each ejected 30-40 km3 or more of magmatic material. The eruptions of Krakatoa, 

Indonesia, in 1883 and of Pinatubo, Philippines in 1991 are numbers 5 and 8 on the same list. 

These cataclysmic eruptions had dramatic consequences on local and regional scales and a 

strong climate impact on the global scale. It has been estimated that in the last 1000 years there 

has been at least one significant volcano eruption every year. The tropical environment also 

exacerbates the volcanic hazard. Even many years after an eruption, extreme rainfall events 

can mobilize volcanic ash into fast moving mudflows known as lahars which can travel for tens 

of kilometers. 

Volcanic disasters 

In the Asia–Pacific region, 180 million people live within 50 kilometres of a volcano that has not 

been active in the past 40 years, and are thus subject to potentially strong volcanic hazards. In 

fact, according to UNISDR, Indonesia and the Philippines together account for 78% of the global 

volcanic risk. 

During the 2010 eruption of Java’s Merapi volcano, there were 400,000 internally displaced 

persons (IDP). The eruption led to 367 fatalities and to the destruction of 15,000 houses. Other 

strong volcanic crises in Indonesia include the 2013 Sinabung and the 2014 Kelut eruptions with 

up to 35,000 and 76,000 IDPs, respectively. In the Philippines there were 330,000 IDPs during 
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the 1991 eruption of Pinatubo. In 2006, rainfall-generated lahars at Mayon killed more than 

1200 people. 

Very large explosive volcanic eruptions pose global risks because the aerosols and fine 

particles they eject have the capacity to reflect the solar energy and generate a global 

atmospheric cooling. The year following the 1815 Tambora eruption is known as “the year 

without summer”, in which an unusually cold weather affected the world agricultural production. 

Crop failures led to famine and diseases in Europe and elsewhere in the world.  A mass burial 

of thousands of medieval skeletons in London in 1258 was recently attributed to the global 

impact of the 1257 Samalas eruption. Nowadays, eruptions comparable in size to the 1257 and 

1815 eruptions can pose massive risks to the modern, over-populated world. This eruption will 

likely occur at a volcano in Southeast Asia. 

Volcanic ash clouds poses a continuous risk to civil aviation. Ash causes not only abrasion to 

aircraft windshields and wings, it can lead to serious engine failure. There are approximately 

750 daily passenger flights that cross the  Indonesia and Papua New Guinea airspace in a north 

to south pattern. There have been 27 reported ash encounters across Southeast Asia from 

1982 – 2013 which could have become deadly crashes. 

2.2. Earthquake risk 

 Seismic hazard 

Earthquakes can directly or indirectly generate a variety of hazardous effects: ground shaking, 

surface faulting, soil liquefaction, landslides, tsunamis, etc. 

Seismic hazards  in the region are essentially caused by two large groups of earthquake 

sources. The first group consists of earthquakes occurring along the subduction faults. The 

major subduction zone in this region is the Sunda zone. The Indonesian portion, extending from 

Northern Sumatra to Sumba Island is also known as the Sumatra-Java trench. Smaller 

subduction zones include the Banda, Sangihe and Halmahera zones in eastern Indonesia and 

the zones west and east of the Philippine islands. These earthquakes may be associated to 

tsunamis, the most striking example in the region being the giant 2004 Boxing Day tsunami due 

to a 9.2 megathrust earthquake on the Sunda Trench. 

The second group of earthquake sources consists of crustal fault systems, ranging in size from 

regional systems such as the Sumatra and Philippine ones, to local and often unrecognized 

faults such as the one causing the 2006 Bantul, Yogyakarta earthquake.  

 

 

Earthquake disasters 

In SE Asia, even small crustal earthquakes can result in large disasters.  
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A magnitude 6.3 earthquake which occurred in 2006 in Bantul ~15 km east of Yogyakarta, 

Indonesia destroyed 127,000 houses and killed 6000 people. This unusual damage intensity 

was caused by the combination of poor construction practices and local amplification of ground 

shaking by unconsolidated volcano-sedimentary deposits, a situation common in the region. 

The same earthquake closer to Yogyakarta would have caused a catastrophe.  

In the Philippines the magnitude 7.8, 1990  earthquake in Luzon killed 1800 people and 

triggered the eruption of Pinatubo volcano eight months later. The Metro Manila metropolitan 

area has reached a population of 12 million people and is surrounded by active faults (crustal 

and subduction ones). A recent  (2013) study on the consequences of a M 7.2 earthquake in the 

area estimated a possible 37000 casualties and  total economic losses around 50 billion US 

dollars. 

The largest impact of undersea subduction earthquakes is often an associated tsunami, which 

may pose high risk for the densely populated low-lying coastal areas. More than 166,000 people 

perished in the Boxing Day tsunami only in Indonesia. The Sumatra-Java trench is long enough 

to produce a magnitude 9.5 earthquake, although there is no historic or geologic evidence for 

events of this size.  The cities with the highest tsunami risks are Denpasar, Cilacap and Padang 

along the south coasts of Bali, Java and Sumatra, respectively.  The volcanic tsunami 

generated by the 1883 eruption of Krakatoa killed 35,000 people. 

2.3. Landslide risk 

Landslides 

Southeast Asia has a very high landslide susceptibility, due to a combination of strong rainfall, 

intense seismic shaking, favorable lithology, deforestation and human development. Only for 

rainfall-triggered landslides, during the period 2004-2010 Indonesia and Philippines have been 

affected by over 400 fatal events, for a total number of casualties exceeding 6700. Moreover, 

the rainfall pattern changes prompted by climate change are having a measurable effect on 

landslide frequency and intensity, the most devastating landslides being associated to short 

duration, high intensity rainfall occurring during extreme weather events. 

 

Landslide disasters 

In Southeast Asia, the hilly and mountainous terrains in which landslides can occur are 

increasingly reclaimed by urban development, and the years to come are expected to see a 

corresponding increase in population and economic exposure to landslide damage. The latter is 

already very high in the region: Indonesia has been ranked by UNISDR first out of 162 countries 

for human exposure to landslides. 

While landslides generate more limited damage than earthquakes or tsunamis, they are 

certainly more frequent, and casualties and economic losses from landslides are expected to 

grow rapidly. 
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The most recent large events in the Philippines were the 2006 rock slide debris avalanche in 

southern Leyte, killing 1126, and a 2012 debris flow in the Compostela Valley,  with about 600 

casualties. The former slide occurred after 2000 millimeter of rain fell in a period of 10 days, 

while the second was  triggered by heavy rainfall from Typhoon Pablo.  

In Indonesia, the 2004 landslide at Mt. Bawakaraenk caldera in Sulawesi involved nearly 300 

million cubic meters of material and killed 32 people.  

2.4. Subsidence risk 

Subsidence  

Land subsidence is a persistent problem in Southeast Asia, where megacities are built on river 

deltas and flood plains. Jakarta, Bandung, Bangkok, Manila and Ho-Chi Minh City are subsiding 

due to the combined effect of massive groundwater extraction for agricultural, domestic, and 

industrial use, and of natural compaction of the unconsolidated sediments at rates of up to 20 

cm/year in Jakarta. In many cases the artificially induced compaction has gone too far, and the 

possibility of an elastic recovery of the deformation (through banning of extraction or re-injection 

of water) is lost forever.  

Subsidence effects  

Long-term land subsidence exacerbates flooding hazards, brought about by perennial monsoon 

rains, tropical typhoons and by sea level rise. Especially in urban areas, coastal communities 

have been experiencing an increase of the number and impact of floods in recent years, 

causing a growing number of casualties and economic damage.  Major mitigation measures are 

discussed throughout the region. For example Jakarta is considering the construction of a billion 

dollar project for a 35 km long seawall in Jakarta Bay, including a new waterfront city, to prevent 

recurrent sea and river flooding of the subsiding city centre. 

2.5. Monitoring networks, geohazard science and DRR activities in 
the region 

In Indonesia, the main geohazard monitoring agencies are the Center for Volcanic and 

Geological Disaster Mitigation (PVMBG), formally known as the Center for Volcanology and 

Geologic Hazard Mitigation (CVGHM), and the Agency of Meteorology, Climatology and 

Geophysics (BMKG). PVMBG has the responsibility for volcanic and for landslide hazards and 

BMKG is responsible for earthquake and tsunami hazards. PVMBG operates a countrywide 

monitoring network of 76 volcano observatories to monitor 69 volcanoes, coordinated by 10 

regional centers (Figure C1).  Volcano monitoring relies largely on short-period seismic 

networks, geochemical, hydrological and visual observations, and electronic distance 

measurements to summit reflectors. BMKG operates a seismic and a real-time GPS network for 

the Indonesia Tsunami Early Warning System (InaTEWS) (Figure C2).  The Geospatial Agency 
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of Indonesia (BIG), previously known as Bakosutarnal, operates the Indonesia Continuously 

Operating Reference Stations network (InaCORS) of 129 continuous GPS stations (Figure C3) 

for surveying and tectonics. 

In the Philippines the Institute for Volcanology and Seismology (PHIVOLCS) is responsible for 

the monitoring of volcano, earthquake and landslide hazard. PHIVOLCS maintains a network of 

66 seismic stations and 6 volcano observatories (Figure C5). The National Mapping Resource 

Information Authority (NAMRIA) operates a continuous GPS network of more than 20 stations 

(Figure C5). The project on Nationwide Operational Assessment of Hazards of the Department 

of Science and Technology (DOST-project NOAH, see Appendix D) provides real-time rainfall 

information and hazard maps to prevent landslide disasters. The core of the system are 

automated rain gauges and water level monitoring stations (Figure D1) together with high-

resolution digital terrain models from nationwide LIDAR mapping, supplemented by locally-

developed landslide sensors.  

The Volcanic Ash Advisory Center (VAAC) in Darwin, Australia, is operated by the Bureau of 

Meteorology. It is one of nine VAACs globally responsible for advising the international aviation 

industry of the movement and location of volcanic ash plumes. The VAACs use all available 

information, ranging from satellite imagery, ground and airborne observations to monitoring 

twitter feeds. A challenge in using satellite imagery is the ability to discern volcanic ash clouds 

from meteorological clouds in the tropics.  Once the Southeast Asia Natural Laboratory is in 

place, the VAAC could use the information on ongoing and even impending eruptions for early 

warning or to assess probabilities of ash encounters. 

Integrations to this section are needed 

2.6. International collaborations 

There are several collaborative projects between foreign institutions and Indonesian and Filipino 

agencies. The Japanese SATREPS project aims at enhancing the monitoring of several high-

risk volcanoes in the Philippines and Indonesia. The goals of the French DOMERAPI project at 

Java’s Merapi volcano is to improve the scientific understanding of magmatic processes at 

dome-building volcanoes, and to integrate new continuous GPS and broadband seismic 

networks into the permanent monitoring networks.  For tectonics, the Sumatran Geodetic Array  

(SuGAr, Figure C4) is a collaborative project between the Earth Observatory of Singapore 

(EOS) and LIPI. The tsunami warning system was initially a German-Indonesian project 

(German-Indonesian Tsunami Early Warning System, GITEWS). 

…. 

A description of how Earth Observation data can benefit geohazard monitoring activities in the 

region is given in Appendix A. 
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3. The Partnership 

The partnership includes four main communities:  

 in-situ data providers (mostly national agencies, but also international projects),  

 satellite data providers (CEOS space agencies), 

 the global scientific community (knowledge providers) 

 the local DRM community (end-users) 

For seismic and volcanic phenomena, in most cases the in-situ data are collected and managed 

by research institutions, and the two communities overlap. 

3.1. Roles of partners 

In-situ data providers generate and distribute the data acquired from their monitoring networks.  

The satellite data providers provide EO data to the partnership, setting up an annual quota of 

images for each subregion. 

The scientists generate new knowledge using the above data and their research capacities. 

They distribute to the partnership the new knowledge through documented research products. 

Given the variability of scientific results, a  collaborative process is used to generate consensus 

products in the format required by the DRM community. 

The DRM community uses the data and the new knowledge to support its DRR actions at 

various scales, in both the Prevention and Response phases. This community may also provide 

priorities, requirements, and feedbacks to the other communities. 

The  various partners will obtain the resources to carry out the activities through national or 

international funding programmes.  

The activities will be carried out in a flexible manner,  however some important general 

principles will have to be accepted by all partners in a Terms of Reference document to be 

developed by the main stakeholders. 

3.2. Shared principles  

Open exchange of data  

SEANLab is proposed in the framework of the GEO GSNL initiative, and the partnership shall 

comply with the GEO principles for data sharing: 

 There will be full and open exchange of data, metadata and products, recognizing 

relevant international instruments and national policies and legislation; 



 

Proposal for a Southeast Asia Natural Laboratory for Geohazards 

 

10 

 

 All shared data, metadata and products will be made available with minimum time delay 

and at minimum cost; 

 All shared data, metadata and products being free of charge or no more than cost of 

reproduction will be encouraged for research and education. 

GEO accepts that national policies and legislation may partially limit the data sharing, especially 

during disaster response, where operational, security and ethical issues can apply. The 

establishment of the SEANLab will require a written commitment by the in-situ data providers, 

committing to respect a specific data sharing policy to be defined within the partnership. 

The type and amount of the in-situ and satellite data to be shared within the SEANLab 

communities will be discussed in an ad hoc working group. 

Open exchange of research products  

The scientific community will accept an open exchange policy for research products, providing a 

license allowing re-use of the scientific products for non-commercial purposes. The scientists 

will normally provide their products in digital form after publication. In case of research products 

generated by scientists during the Disaster Response phase and voluntarily provided for DRM 

uses before publication, the intellectual property rights will be thoroughly respected by all 

partners. 

Local coordination 

In order to fully exploit the support provided by  the global scientific community to the local DRM 

agencies, some issues have to be considered, given the operational, ethical and political 

implications involved in the Prevention and especially in the Response activities. For instance, 

experience has shown that the near-real time diffusion of research results which are not well 

validated and discussed within the community, may generate confusion in disaster managers 

and the public at large, with the consequence of reducing the timeliness of the uptake of 

important new science. In other cases, pseudo-scientific or unverified scientific results may be 

misinterpreted or be used to advantage specific interests, jeopardizing the effectiveness of the 

Response process.   

In SEANLab these issues are overcome by enforcing two main rules. First by ensuring local 

coordination, and secondly, through a partnership agreement on a detailed data and product 

policy including also specific procedures for data sharing and dissemination. 

The local coordination will be carried out by a set of national authoritative agencies (NAA1) 

identified in Indonesia and the Philippines for the various geohazards and risk factors. They will 

coordinate the process by which the scientific community can reduce the variability of research 

results, and eventually reach an agrreement on a consensus research product. The NAA will 

then disseminate the consensus products to the public agencies in charge of DRM at all scales.   

                                                

1 A NAA is defined as an agency or research institute which, according to the local laws is in 

charge of providing scientific information for hazard and risk management to the national or 

regional governments. 
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3.3.    Possible partners  

In the Appendix C we present a tentative list of agencies, organisations, and research institutes 

which may hold a possible interest in SEANLab. We also list the individuals who expressed their 

personal interest in the concept. 
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4. Benefits of SEANLab  

4.1. Improved data access and use  

Most countries in the region adhere to the Group on Earth Observation, and already support the 

GEO Data Sharing principles. The SEANLab will be a huge step forward  in the achievement of 

the common objectives of the GEO partnership, becoming a flagship for the Southeast Asia 

georisk community. 

The establishment of realistic rules for data sharing and the tangible public benefits involved in 

SEANLab will favour the gradual acceptance of the open data concepts by the local agencies, 

ultimately benefiting also other sectors. 

4.2. Improved science on geohazard and risk factors  

The easy and free access to data provided by SEANLab will stimulate new scientific research 

on geohazards and risk factors. It is expected that, as in the case of the Supersites, several 

science teams will contribute to this new knowledge, using a wide range of analysis, modeling, 

and interpretation methods.  Requiring that the research products be made available in digital 

format to the community (e.g. through web services) will guarantee a rapid transfer and 

contamination of knowledge. 

While local research agencies in Indonesia and the Philippines have a strong research capacity, 

they will nevertheless certainly benefit from the knowledge and technological transfer that the 

coordinated community approach will provide. 

4.3. Improved Disaster Risk Reduction  

The SEANLab partnership will include local (and possibly global) risk management agencies to 

ensure a rapid uptake of the new knowledge generated by the research component. 

At the local scale the uptake process will be coordinated by the national authoritative agencies. 

As explained in section 3.3, the coordination will ensure that the involved scientists discuss, 

cross-validate, and eventually integrate their research results in single consensus products 

representing the state of the art in geohazard and risk science, to be then exploited in the 

decision making processes of DRM. 

SEANLab will stimulate improvement of the Prevention activities, through a better assessment 

of geohazards and risk factors. A number of  results which can be used to support hazard and 

risk assessment could be generated: 

 estimate of fault slip rates, 
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 high resolution strain rate maps, 

 mapping and characterization of volcano plumbing system, 

 spatial models of volcanic hazards, as lava flows, flank collapses, lahars,  

 thermal monitoring of volcanoes, 

 high precision topographic mapping of volcanoes and fault scarps, 

 land use and vulnerability mapping and updating, 

 etc. 

SEANLab will provide support to Response actions, providing dynamical information to develop 

and continuously update the situational awareness during the emergency. Typical products 

which can be used to support the Response phase are: 

 identification and characterization of an earthquake source, 

 mapping of co-seismic effects on the natural and built environments, as fault 

scarps, ground deformations, triggered landslides, building collapses, 

infrastructure and building damage,  

 identification and characterization of the magma chamber during eruptions, 

 estimates of the mass eruption rate, plume heights, ash fall,  

 monitoring and mapping the effects of volcanic eruptions, as fractures, collapses,  

pyroclastic flows, lahars, lava flows, and their interaction with the built 

environment. 

4.4. Capacity building 

One more benefit of SEANLab will be the transfer of advanced satellite monitoring capacities to 

the participating organizations in Southeast Asia. Capacity building actions will be planned and 

carried out by specific partner organizations, with possible contributions from the entire 

community. For example, the CEOS Working Group on Capacity Building and Data Democracy 

(WGCapD) could coordinate a capacity building plan including awareness building through a 

series of webinars on data products, software tools, research results, and training through 

webinars and courses. 

4.5. More efficient use of resources 

The SEANLab community will provide a more efficient use of resources, at all levels: 

 SEANLab will be open to collaboration and coordination with all international 

initiatives on geohazard science and DRR in the SE Asia region, providing the 

framework for the seamless access to large amounts of very useful data and 

scientific products at no cost. 

 SEANLab will stimulate at least part of the scientific community to focus on 

research with more direct use for DRR. The DRM community of SEANLab will be 
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able to expose and prioritize its specific science needs for local DRR, obtaining 

research results of immediate use. 

 SEANLab will provide a recognized international framework (within GEO), on 

which the research and DRR communities could leverage to obtain funding, for 

instance through development aid programs or bilateral research programs.  

 SEANLab will be able to exploit the synergetic use of satellite and in-situ 

monitoring, allowing to implement more efficient and less costly monitoring plans. 

 others…? 
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5. Technicalities  

The technical aspects of data and product access and sharing will be defined later, using a 

flexible approach making use of web services and existing data sharing infrastructures 

whenever possible. 

Coordination and communication will be carried out using collaborative web platforms as much 

as possible. 
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6.  Road map to implementation 

 Presentation and discussion of the proposal with the GEO principals of Indonesia and 

the Philippines and their respective agencies, 

 further discussion of the SEANLab proposal with possible regional stakeholders and 

international organisations, at the World Conference on DRR in Sendai,  

 set up of a working group to finalize the proposal, 

 solicit expression of interest from in-situ and satellite data providers and form an initial 

partnership, 

 drafting of the Terms of Reference and the data policy documents, 

 discuss and agree the above documents within the partnership, 

 define and start a multi-phase implementation plan. 
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7. Difference between the GEO-GSNL initiative and the 
International Charter on Space and Major Disasters 

The Geohazard Supersites and Natural Laboratory Initiative and the International Charter on 

Space and Major Disasters are two different yet complementary initiatives. The International 

Charter provides satellite data and standard products for disaster response and rescue efforts. 

In contrast, the GSNL initiative is concerned with the generation of state of the art science 

products, to be used in both disaster response and prevention.  Moreover, the Charter data are 

provided for a limited term (generally 2 weeks), and available to the local monitoring and DRM 

agencies only, with limited or no involvement of the scientific community. The GSNL aims to 

develop new science to investigate the geohazards before, during, and after the parossistic 

event, and GSNL data are provided for long periods. 
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8. Appendix A - EO data for geohazard monitoring in the 
region 

Eruption monitoring  

The progressing of volcanic eruptions is commonly inferred by monitoring the concentration of 

volcanic gases in the atmosphere using multi-spectral remote sensing techniques.  These 

observations are also used for assessing volcanic ash hazards to aviation. Another important 

type of information is the of the summit topography of the volcano.   For example, during the 

2010 Merapi crisis, the biggest eruption occurred about 10 days after the initial explosion after 

several days of rapid lava dome growth. The dome growth was detected using multi-satellite 

SAR imagery. SAR is a suitable tool for eruption monitoring because it sees through weather 

and ash clouds. Very high-resolution SAR is capable to resolve the development of fracture 

patterns on an edifice and/or of changes in the summit structure of vents, craters, and potential 

landslide blocks. This type of SAR product helps to understand which down-slope sectors of a 

volcano will be impacted so that mitigation and modeling efforts can be focused.  

Interferometric SAR (InSAR) can contribute to volcano monitoring in two ways. First, InSAR can 

detect the accumulation of magma in a reservoir beneath the volcano long before there are any 

signs of seismic activity. Second, high-resolution InSAR can detect summit deformation, which 

is a precursor for particularly explosive, catastrophic eruptions. Lateral summit deformation 

and/or dome collapse unloads (decompresses) the magma column, accelerating magma 

ascent. Measurements of summit deformation using electronic distance meters (EDM) are an 

important tool for short-term eruption prediction. An example is the 2010 eruption of Merapi 

volcano, where EDM measurements detected an increase of summit deformation from a few 

millimeter per day the month prior to the eruption to 0.5 m per day. This observation contributed 

to the decision of extending the exclusion zone to 20 km just hours prior to a cataclysmic 

eruption. 

If used in combination, the satellite missions operated by GEO member states can provide the 

SAR imagery needed for volcano early warning from space. Globally observing satellites 

(Sentinel-1, ALOS-2) can detect early magma ascent, whereas the high-resolution satellites 

monitor the volcano summits. A remaining research question is the correction for tropospheric 

delays of the radar signal using numerical weather models. Tropospheric delays can be 

confused with deformation. The data provided by the various contributors to the Natural 

Laboratory will support research addressing this question and pave the way for an operational 

satellite-based volcano early warning system. 

Tectonic monitoring  

Tectonic monitoring in Southeast Asia has three objectives. The first is to image ground 

deformation associated with crustal earthquakes in the Indonesian and Philippines islands in 

order to understand which fault caused the earthquake and what was the mechanism.  This 

information forms the basis for estimating how an earthquake can change the hazard in the 

neighboring areas, using stress change modelling. The second objective is to estimate the 

contemporaneous strain accumulation rates along the major crustal faults. This is required to 
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estimate the long-term slip rates and thus support the seismic hazard assessment. The third 

objective is to monitor the subduction faults surrounding the islands. Geodetic monitoring of 

strain accumulation along off-shore faults using land-based geodesy requires sub-millimeter 

measurement precision because of the distance from the fault to the measurement site. 

Frequent SAR acquisitions combined with correction methods for atmospheric delays can 

provide the required precision. 

A top priority for geodetic monitoring is the Java subduction zone because of the high hazards. 

It is currently not known whether the subduction fault is accumulating strain or creeping 

aseismically. The largest historic earthquakes offshore Java have been of magnitude smaller 

than 8. Precise geodetic information could resolve whether the subduction zone can generate 

earthquakes with magnitude 9 or larger.  Such an earthquake will likely generate a large 

tsunami. Another research topic is whether the subduction fault exhibits episodic slow slip 

events observed in subduction zones around the world. 

Landslide monitoring  

Compared to other hazards such as earthquakes that strike without warning, landslides are 

considered to be generally more predictable.  The risk of landslide disasters can be reduced by 

identifying and monitoring of landslide-prone slopes, in particular during periods of heavy rainfall 

when the landslide potential is highest. In the Philippines, the DOST project NOAH is generating 

landslide inventory maps and landslide susceptibility maps.  Earth Observation can contribute to 

the monitoring as demonstrated for many landslides in Europe, although the tropical climate and 

dense vegetation of the Philippines are challenging. InSAR can measure subtle motions of a 

few centimeters and pixel tracking using optical and/or SAR imagery can measure larger 

displacements.  High-resolution SAR with wavelength long enough to penetrate the forests can 

detect the opening of ground cracks due to downslope movements. Information on landslide 

hazards derived from Earth Observation can be readily made available to the public and local 

decision makers via the website of project NOAH. 

Land subsidence monitoring  

Land subsidence is monitored using established InSAR techniques. Anthropogenic subsidence 

due to groundwater extraction is a well-known problem in the megacities of the region. Local 

governments are working to establish measures to reduce groundwater pumping. Continuing 

land subsidence observations will provide the information on whether these measures are 

successful and/or whether groundwater pumping and land subsidence has moved to new areas.   

 

 Satellite data Needs  

SAR. The Southeast Asia Natural Laboratory requires background monitoring of the volcanic 

arcs and of the tectonically active areas of the Indonesian and Philippine Islands, and high-

resolution monitoring of selected volcanoes, tectonic faults and landslides. Background 

monitoring allows the early detection of volcanic inflation anywhere within the arc, and the 

imaging of earthquake deformation. Background monitoring with frequent acquisitions will allow 

for sub-millimeter measurement precision for the monitoring of subduction faults. 
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SEANLab will provide coordinated acquisition plans to avoid redundancy and save resources, 

by exploiting all the available satellites.For the satellite data which are already open access, as 

the Sentinels, SEANLab will issue a request for a further increase in acquisition frequency.  

Optical. Imagery is requested for all high-priority, high-risk volcanoes with a repeat interval 

depending on the eruption frequency. For frequently erupting volcanoes a new coverage is 

requested every six months and for the less frequently erupting volcanoes every 12 months. A 

new coverage is requested after each significant eruption.  

SEANLab will provide coordinated acquisition plans to avoid redundancy and save resources, 

by exploiting all the available satellites. 

DEMs. Precise, high-resolution digital elevation models are critical for the assessment and 

reduction of disaster risk. The most important application is the modelling of pyroclastic density 

currents and of lahars or the designation of hazard zones. This process needs to be repeated 

after significant eruptions that changed the topography in the summit area or along the flanks.  

Other applications are the estimation of eruption volumes, and for the topographic correction in 

InSAR geodetic data products. 
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9. Appendix B - Further Reading  

The capability of the InSAR technique to detect precursory inflation has been demonstrated for 

Indonesia by Chaussard & Amelung [2012]. They used 2007-2009 ALOS-PALSAR InSAR data 

for a ground deformation  survey of the west Indonesian volcanoes. They detected precursory 

deformation at six of the volcanoes, three of which erupted after the observation period.  Salzer 

et al [2014] demonstrated the potential of InSAR monitoring for short-term eruption warning. 

They used very high-resolution TerraSAR-X imagery to detect precursory deformation in the 

summit area of Mexico’s Colima volcano just days to hours prior to a strong explosion. 

The events during the 2010 eruption of Merapi volcano cited in this document is described by 

Surono et al. [2012], including the use of SAR backscatter images to measure extrusion rates 

during the crisis. A description of the 1257 eruption of Smalas volcano is found in Lavigne et al. 

[2013].  This reference contains also a list of the largest well-constrained Holocene eruptions 

used in section 2. 
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Appendix C.  Geohazard Monitoring Systems in Southeast Asia (to be 

integrated by the partners) 

This appendix summarizes the current monitoring networks in Southeast Asia. 

 

Figure C1. Volcanoes of Indonesia and the PVMBG monitoring network consisting of ten 

regional centers. The red and yellow triangles denote the monitored and unmonitored 

volcanoes, respectively. 

 

Figure C2.  National Seismic monitoring network of Indonesia operated by the Agency of 

Meteorology, Climatology and Geophysics (BMKG).  
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Figure C3. GPS stations of the Indonesia Continuously Operating Reference Stations network 

(InaCORS) operated by the Geospatial Agency of Indonesia (BIG). The network consists of 124 

stations, 19 of which were established by the GeoforschungsZentrum Potsdam for the German-

Indonesian Tsunami Early Warning System (GITEWS).  

 

 

Figure C4. Continuous GPS stations of the Sumatra GNSS Array (Sugar) operated by LIPI, the 

Earth Observatory of Singapore. 
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Figure C5.  Left: Seismic monitoring network of the Philippines operated by PHIVOLCS. The network 

consists of 66 seismic stations, 29 of which are transferring data via satellite link. PHIVOLCS is 

operating 6 volcano observatories at Pinatubo,Taal, Mayon, Balusan, Kanlaon and Hibok-Hibok 

volcanoes. Right: Continuous operating GPS network operated by the National Mapping Resource 

Information Authority (NAMRIA) as of 2011. The network has since grown to 17 stations. 

Appendix D.   Philippines  DOST-Project NOAH 

The Nationwide Operational Assessment of Hazards (NOAH) was launched by the 

Department of Science and Technology (DOST) in July 2012 in response to the call of 

President Benigno S. Aquino III for a more accurate, integrated, and responsive disaster 

prevention and mitigation system, especially in high-risk areas throughout the Philippines. With 

NOAH's technical assistance government agencies are able to provide a 6-hour lead-

time warning to vulnerable communities against impending floods. Access to near real-

time data and information empowers the local governments and communities to a 

bottom-up disaster prevention approach for more resilient communities. Furthermore, 

NOAH enhances current geo-hazard vulnerability maps, including floods and landslides 

(see http://noah.dost.gov.ph and  http://beta.noah.dost.gov.ph/  for hazard maps). 

http://noah.dost.gov.ph/
http://beta.noah.dost.gov.ph/
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Weather and water level sensors. Locally-made 

Automated Weather Stations (AWS) and 

Automated Rain Gauges (ARG) have been 

installed in key areas across the country to 

complement the national weather monitoring 

facilities. AWS sensors measure wind speed and 

direction, air temperature, air humidity, air pressure, 

and rain amount, duration and intensity. ARG 

stations measure rainfall amount and intensity. 

Designed to be rugged and standalone, the station 

can operate continuously even in the harshest remote 

areas. Standalone Water Level Sensors (WLS) 

deployed in watersheds all over the Philippines 

measure the rate of change of water level. The 

weather and water level data are sent wirelessly 

through the cellular network as a text message 

through Short Messaging Service (SMS).  Currently 

there are more than 1000 AWS and ARG 

stations that stream data every 10-15 minutes 

to the Project NOAH servers.  

Lidar topography. To address the problem of 

lack of available high resolution topographic 

maps for most the Philippines, Project NOAH 

acquires geospatial data through Light 

Detection and Ranging (LIDAR) to cover the 

300,000 sq. km land area of the country. The program has already covered 1/3 of the land area 

and surveys continue at a rate of 300 km2 per day.  Lidar generates high-resolution elevation 

datasets with 50 cm horizontal and 15-20 cm vertical resolution of the lowlands.  These datasets 

complement the nationwide Digital Terrain Model (DTM) and Digital Surface Model (DSM) 

coverage of the entire Philippines. 

Landslide database/inventory. DOST-Project NOAH has identified almost 10,000 landslides 

using high-resolution imagery. A soil map database was used for the shallow-landslide 

simulations of the entire Philippines.  The availability of high-resolution topographic maps for the 

entire Philippines, such as those generated by airborne LIDAR and IFSAR surveys, paved the 

way for using more sophisticated means to identify landslide-prone areas.  

Hazard maps derived from computer simulations. Detailed (village-level) multi-hazard maps for 

meteorologically related phenomena are being completed. Currently, shallow landslide, 

structurally-controlled landslide, debris flow, storm surge and flood hazard maps are available 

for most parts of the country and are already available at the noah website 

(beta.noah.dost.gov.ph).  These hazard maps were produced by research scientists of the 

NOAH program and are continuously being updated. 

Appendix E.  Rationale for adding Papua New Guinea  

 

Figure D1: Automated weather stations   

(AWG) and automated rain gage  

stations (ARG) in the Philippines. 
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Although formally not part of Southeast Asia, this Natural Laboratory includes Papua New 

Guinea, which has a total of 54 volcanoes, 16 of which are considered active. More than 

200,000 people live in the immediate vicinity of the volcanoes. Rabaul caldera including the 

active cones of Tavurvur and Vulcan are monitored by the Rabaul Volcano Observatory (RVO), 

which is Papua New Guinea’s volcano monitoring agency. RVO operates several outposts at 

the most active volcanoes of the country, most of them using seismic and/or visual monitoring. 

The Natural Laboratory can provide the much needed space-geodetic monitoring of the 

volcanoes.  

The PNG volcanoes pose a particular hazard to aviation (Figure E1) because of the limited 

ground-based monitoring and because widely used optical remote sensing techniques to track 

ash clouds are difficult or don’t work (the reverse absorbtion technique) in PNG’s very humid 

climate and cloudy wet season.  The ash cloud of the 2004-2005 eruption of Manam volcano 

was very difficult to track; there were two minor encounters between aircraft and volcanic ash 

[Tupper et al., 2007]. The 2007 eruption of this volcano led to one severe volcanic ash 

encounter with engine failure [Guffanti et al. 2010]. The inclusion of these volcanoes provides 

the Darwin VAAC with some information for these unmonitored volcanoes. 
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Figure E1. Examples for 

two frequently travelled 

flight routes over the 

active volcanoes (red 

triangles). The Natural 

Laboratory will 

supplement the limited 

ground-based monitoring  

of the volcanoes of 

Papua New Guinea.  

 



 

Proposal for a Southeast Asia Natural Laboratory for Geohazards 

 

27 

 

10.  Appendix C - Preliminary list of possible partners (in 

alphabetical order) 

Asian Disaster Reduction Center, Japan (ADRC) 

Asia-Pacific Regional Space Agency Forum (APRSAF) 

Australian-Indonesia Facility for Disaster Reduction, Indonesia (AIFDR) 

Badan Informasi Geospasial, Indonesia (BIG) 

Badan Meteorology, Klimatologi dan Geofisika, Indonesia (BMKG) 

Badan Nasional Penanggulangan Bencana, Indonesia (BNPB) 

Bureau of Meteorology, Australia (BoM) 

Canadian Space Agency (CSA) 

Center for Investigation and Technology Development Kegunungapian of Badan Geologi, Indonesia 
(BPPTK) 

Centre National d'Etudes Spatiales, France (CNES) 

Committee on Earth Observation Satellites (CEOS) 

Commonwealth Scientific and Industrial Research Organization, Australia (CSIRO) 

Department of Mineral Policy and Geohazard Management, Papua New Guinea (DMPGM) 

Department of Science and Technology-Project NOAH (DOST-Project NOAH)  

Deutsches Zentrum für Luft- und Raumfahrt, Germany (DLR) 

Earth Observatory of Singapore (EOS)  

GeoForschungsZentrum Potsdam, Germany (GFZ) 

Geoscience Australia (GA) 

Japan Aerospace Exploration Agency, (JAXA) 

Jet Propulsion Laboratory, USA (JPL) 

Himpunan Ahli Teknik Tanah Indonesia (HATTI) 

Indonesian Institute of Sciences (LIPI) 

Institut de Recherche pour le development, France (IRD) 

Institut of Teknologi Bandung, Indonesia (ITB) 

Institute of Environmental Sciences and Meteorology (UP-IESM) 

Istituto Nazionale di Geofisica e Vulcanologia (INGV) 

Istituto Per Il Rilevamento Elettromagnetico Dell’Ambiente, Italian Research Council (IREA-CNR) 

Italian Space Agency,(ASI) 

Lembaga Penerbangan Dan Antariksa Nasional, Indonesia (LAPAN) 

National Institute of Geological Sciences, University of the Philippines (UP-NIGS) 

National Mapping Resource Information Authority (NAMRIA) 

National Research Institute for Earth Science and Disaster Prevention, Japan (NIED) 

Philippines Atmospheric Geophysical and Astronomic Services Administration (PAGASA) 

Philippine Institute of Volcanology and Seismology (PHIVOLCS) 

Pusat Vulkanologi dan Mitigasi Bencana Geologi, Indonesia (Center for Volcanic and Geological Disaster 
Mitigation, PVMBG) 

Rabaul Volcano Observatory (RVO) 

Science and Technology Research Partnership for Sustainable Development, Japan (SATREPS) 

Tohoku University, Japan 

University of the Philippines, Diliman (UP) 

United States Geological Survey – Volcano Disaster Assistance Program  (USGS-VDAP) 
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Universitas Gadjah Mada, Yogyakarta, Indonesia (UGM) 

United Nations Office for Disaster Risk Reduction (UNISDR) 

World Organization of Volcano Observatories (WOVO) 
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