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Outline 
�  COLLECTTING DATA  : DATABASE ARCHIVES 

�  VOLCANO MONITORING STRATEGY IN INDONESIA 
�  RESEARCHE PROGRAM HAVE BEEN DONE  :2014 – 2015 

1.  SINABUNG (Data collecting and research, modelling) 
2.  KELUD (Data collecting and research, modelling) 
3.  GALUNGGUNG (HAZARD MODELLING) 
4.  SEMERU (HAZARD MODELLING) 
5.  GUNTUR (DATA COLLECTING) 

�  LESSON LEARNED :  
�  WHAT IS A VOLCANO ERUPTION AND ITS IMPACT? 

1.  MERAPI 
2.  KELUD 
3.  SEMERU 
4.  SINABUNG 
5.  GALUNGGUNG 

�  NEXT PROGRAM : NEED TO DISCUSS 
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DATABASE 
�  Volcanism is the phenomenon of eruption of molten rock (magma) 

onto the surface of the Earth, where lava, pyroclastics and volcanic 
gases erupt through a break in the surface called a vent. 

�  Volcanic eruptions have the potential to cause loss of life, disrupt air 
traffic, impact climate, and significantly alter the surrounding landscape.  
Knowledge of the past behaviours of volcanoes is key to producing risk 
assessments of the hazards of modern explosive events. 

�  Currently, a collective record of volcano monitoring include: 
magnitude, Volcanic Explosivity Index (VEI), deposit volumes, eruption 
dates, and rock type; such parameters constituting the mainstay for 
description of eruptive activity. 



SEBARAN	DAN	KLASIFIKASI	GUNUNG	API	-	INDONESIA	



KALDERA  G, RINJANI KALDERA G. TAMBORA 

KAWAH ANAK RINJANI 
KAWAH  DORO API TOI 



CRATER	 CRATER	LAKE	 CRATER	LAKE	WITH	
LAVA	DOME	

CRATER	AND	LAVA	
DOME	

LAVA	DOME	
AND	LAVA	

MERAPI 2010 

Galunggung 

Guntur 
Sinabung 

Type-A: Volcano which is recorded have experienced magmatic eruption at least one time after 1600. (77 
volcanoes ) 
Type-B: After 1600 has not been recorded again a magmatic eruption, but still show signs of volcanic 
activity such as solfatara. (29  volcanoes ) 
Type-C: Unknown eruption history in human record, but there are still signs of past activity in the form of 
solfatara / fumarola field at weak levels. (21 volcanoes) 

Kelud 

Kelud 



Volcanic Hazard Assessment 
(There is no method to prevent Volcanic Eruption) 

     Volcanic Hazard Assessment is based on the  principle that the past is the key to 
the future 

     Evaluation of Volcanic Hazard : 
Two main complementary approaches, which may lead to their prediction 

1.  Study of eruption history, Mapping Volcanic Geology , volcanic hazard 
mapping 

2.  Monitoring Volcanic activity (We focus on Telemetry Data)  and forecasting 
(Precursory Phenomena) 



GPS Measurement  

SOCIALIZATION 

§  QUICK RESPONSE TEAM 



CVHGM ROLE : FORCASTING VOLCANIC ERUPTION   

CVHGM 

BUILD UP OF VOLCANIC 
ERUPTION AND  HAZARD 
IMPACT SCENARIO 

GEOLOGIC MAP 
HAZARD MAP 

HAZARD MODELLING 

MONITORING 
VOLCANIC 
ACTIVITY 

GOVERNEMENT 

COMMUNITY 
/CITIZEN 

EFFECTIVE COMMUNICATION 

Safe area and 
Non safe area 

Alert Level : 
1.  Evacuation or 
2.  No Evacuation 
3.  Relocation 
 



Seismic event classifcation 
Energy of seismic event 
Hypocenter and epicenter 
etc 

Gas  
monitoring 

Deformation 

Geologic map 

Hazard map 

Thermal  
Camera 

FORCASTING : Alert level 
Level 1 : Normal 
Level 2 : Waspada 
Level 3 : Siaga 
Level 4 : Awas Hazard modeling 

Monitoring Strategy and Volcanic Hazard Assesment 
Seismic methode as a main tool in Indonesia 



 MERAPI TYPE 

TIPE PELEE 

 St. VINCENT 
TYPE 

St. VOLCANO 
TYPE 

TIPE HAWAII 

PLINI TYPE 

STROMBOLI 
TYPE 

 MIXING TYPE 



Compiled by Sri Hidayati, 2000 

MERAPI  



MERAPI 



MERAPI 2010 
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Hiposenter Gempa VT 

Kantong magma ?? 



Energi	komula<f	satu	tahun	menjelang	erupsi-erupsi	sebelumnya	<300000		

Energi	komula<f	per	24	Oktober	2010	mencapai	

ENERGI GEMPA KOMULATIF GEMPA 2010 
DIBANDINGKAN DENGAN ERUPSI SEBELUMNYA 
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Inflasi (pembengkakkan) puncak hanya terukur di sektor Selatan (>3m).  
Adapun sektor yang lain stabil 

DEFORMASI LERENG SELATAN 

W S A 

Erupt 
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Grafik kadar unsur gas vulkanik G. Merapi 2010 



 
VEI : Volcano Explosivity Index 

Merapi  Eruption on 2010 ( VEI 4, 140 Mm3 



 SEMERU -Monitoring network 

Seismic station 

Tiltmeter 



Typical of seismic earthquake 
A-type (deep volcanic type) 

Volcanic tremor 

Avalanche 

Explosion 

Pyroclastic flow/glowing avalanche 

Tectonic 

B-type (shallow volcanic type) 



Seismicity 
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Nishimura et al.,2010 

Volcano starts to inflate: 
About 20 s before gas explosions with a 
constant rate 200-300 s before vulcanian 
explosions with accelerated rate 





Pyroclastic flows from semeru volcano on May 21, 2018, 06:30 local time 

SEMERU VOLCANO, EAST JAVA 



KELUD 

2006 

2007 

2014 

KELUD 



(copyright: Arif ahmad detik.com) 

10 FEBRUARY,1990 

2007 

13 FEBRUARY,2014 

i Ash Fall 

Lava Dome 

Pumice Fall 
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KELUD 



G. KELUT 1990 

DAMPAK ABU LETUSAN KELUT 1990 TERHADAP BANGUNAN PADA JARAK SEKITAR 9 KM ARAH 
BARAT PUNCAK KELUT 
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ERUPTION IMPACT 

Ash fall of Kelud eruption in 1901 and 1919 
Ash fall of Kelud eruption 
in 1990 



ALERT LEVEL ON KELUD CRISIS 

LEVEL	I/NORMAL	

LEVEL	II/WASPADA	

LEVEL	III/SIAGA	

LEVEL	IV/AWAS	
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Seismic activity and temperatur of crater lake before lava dome formation (Kelud 2007) 
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Hipocenter distribution 
of volcanic earthquake before lava dome eruption in Kelud Volcano, (Est Java ) 
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CONTOH KASUS : PENGAMATAN DAN PENGUKURAN TEMPERATUR KAWAH (Kelud 2007) 
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Volcanic activity in the lava dome of G. Kelud on 8 Feb 2014 

Buble gas in the crater lake (inlet) and 
fumarole gas emission  on the top of lava dome 
 
Lava DomeVolume = 16,28 million m3 



•  Lokasi pengamatan deformasi 
dengan tiltmeter dilakukan di 
stasiun Lirang Selatan.  

•  Tiltmeter merekam data 
dengan baik, terindikasi adanya 
inflasi komponen Radial (Y) 

DEFORMASI TILTMETER 



• Pengukuran suhu air panas 
dilakukan secara kontinyu di 
kawah G. Kelud 

• Suhu air panas G. Kelud teramati 
meningkat sejak 10 September 
2013.  

• Peningkatan signifikan teramati 
sejak tanggal 23 Januari hingga 13 
Februari 2014 sekitar 4°C 

SUHU AIR PANAS 



Hypocenter and epicenter during kelud crisis in 2014 

Gempa tersebar di sekitar G. Kelud 
dengan kedalaman di bawah 7 km dari 
bawah puncak. Pada periode 11-13 
Februari, gempa berada pada 
kedalaman mencapai 4 km dan 
terkonsentrasi di sekitar 1 km. 



Seismic activity phenomena  before 
Kelud eruption 2014 
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Lahar 
modelling – 
after eruption 



PUMICE FALL 
ASH FALL LAYER 
COVERING 
PUMICE FALL 





Eruption impact 

21 Feb 2014 

2008 

Parcking area 



2010 2011 2012 

2013 
2015 

2014 

SINABUNG : 2010 - 2015 



Monitoring Instruments  at Sinabung Volcano 

q   4 Permanent seismic stations  (3 stations are equipped by 1-component seismometer L-4C, 
     and 1 station is equipped by 3-component seismometer, L22D) 
q   6 Temporary seismic stations  (Kinkei system with 3 component seismometer. KVS-300) 
q   4  GPS continue stations  s 



21 September 2010 
New Fissure at Lau Kawar  (Northern part of G. Sinabung , Oktober , 15 2013) 

28 Oktober 2013 18 Oktober 2013  

After eruption 15 Oktober 2013 



 NOVEMBER, 11, 2013 (SIAGA ( 3rd Level)) 

 NOVEMBER, 23, 2013 
(SIAGA ( 3rd Level)) 
  

OCTOBRE 2013 
 (WASPADA (2nd Level)) 

Eruption column and rain of ash with small 
pyroclastic flow  from Sinabung Volcano 

(Phreatic eruption ) 

(Phreatic   -  phreatomagmatic eruption) 

Ø clast : 1 cm in radius 5 Km from crater 
(November 4, 2013) 

  Ø clast  -- 6 cm in radius 4 Km from crater ( November 
23, 2013) 

No juvenile clast 

Lithic and juvenile clast 



28/11/13 

29/11/13 

07/12/13 

AWAS (Since December 24, 2013) 

Dominated by Gas Emission) 





10	January	2014;	just	before	en	masse	collapse;		
dome	reaches	~3	Mm3	

Seismic activity on December 2013 during status AWAS) 



Dome growth December, 24, 2013 – January, 8 2014 

Date	 Dome	volume	(m3)	 Rate	(m3/menit)	

24	Desember	2013	 495.967	
25	Desember	2013	 836.829	 236.7	
26	Desember	2013	 1.055.413	 151.8	
27	Desember	2013	 1.137.019	 56.7	
28	Desember	2013	 1.263.419	 87.78	
29	Desember	2013	 1.509.086	 170.58	
30	Desember	2013	 1.784.256	 191.1	
31	Desember	2013	 2.054.840	 187.92	
1	Januari	2014	 2.366.445	 216.42	
5	Januari	2014	 1.937.119	 -298.14	
6	Januari	2014	 1.731.091	 -143.1	
8	Januari	2014	 2.106.455	 130.32	



 LAVA  DOME – PF – LAVA FLOW 

13 Jan2014 , lava dome  
volume 1 Mm3 

15 Jan2014 , lava dome volume 
2,7 Juta  m3 

18 Jan2014 , Lava dome 0.5 Mm3 27 JAN 2014 
Pf’s, 15 JAN 2014 

27 Nov 2013 
29 Nov 2013 

7 Des 2013 



HAZARD ZONE MAP - SINABUNG  OVERLAYING WITH ERUPTION ZONE IMPACTED 



DEFORMASI 



Seismicity and eruption caracter during sept.2015 

LAVA DOME GUGURAN/AVALANCHE 



REAL SESIMIC AMPLITUDE MEASUREMENT (RSAM) - ENERGI 



REMARKS 

1.  Volcanological hazard in Indonesia can’t avoid, 
however we can reduce the impact of geological 
hazards. 

2.  The Successful of the volcanological hazard 
mitigation depend on : 
•  Data Accuracy and information. 
•  Quick information from Government/Institution to 

community. 
•  Application of Geological Hazard information to the 

Society/Local Community. 



TERIMA KASIH 



SINABUNG – HAZARD ZONE MAP  



KRB MAP (III,II) : FLOW PRODUCT (Red (III) and pink (II) in 
color), Primery Hazard (Pyroclastic flow, lava, and vulcanic gas)  ) 

KRB (I) : Flow (Yellow) 
Secondary Hazard:Lahar  

KRB MAP (III,II) : FALL PRODUCT (CIRCULAR FORM) 
Primery Hazard Fall with size  ( ash < 2 mm; 
 2 mm >lapilli < 64 mm; Block/bomb > 64 mm)) 

Pyroclastic Fall : Sinabung 

Pyroclastic with size 1 
meter  is found until  
3 Km from crater to 
the west 

  CO2 + H2O (Dieng Volcano) 

Lava : Sinabung  

Piroclastic Flow : Sinabung 

Lahar Sinabung 2014 

Lahar Papandayan 2002  

Pyroclastic with size about 10 
cm  is found until  7 Km from 
Kelud crater to the west 

Pyroclastic Fall : Rinjani 

Sinabung 



VOLCANIC HAZARD MODELING 
�  PYROCLASTIC FLOW MODELING : TITAN 2 D 
�  PYROCLASTIC FALL MODELLING :  
�  LAHAR MODELING : LAHAR Z 



Internal friction=25 
Basal friction=12 



Geologic	Map	of	G.	SINABUNG	
	

Batuan sedimen 

\ Toba product 
- Red color  : Lava Flow 

- Green color : Pyroclastic flow 

  

Carbon Dating of the latest volcanic product of 
Pyroclastic flow (Block and Ash Type) indicates the 
age  of formation to be 1200 years BP.  

(Setsuya Nakada, 2011 in Prambada ) 



Carbon Dating of the latest volcanic product of Pyroclastic flow (Block and Ash Type) indicates the age  of formation to be 1200 years BP. 
(Setsuya Nakada, 2011 in Prambada ) 

Foto : Budi, PVMBG,2010 



Distribution of Magnitude  

Mag >2 
1.5 <Mag 2 

q  Mostly VTB earthquakes magnitude is below 1 
q  Mostly VTA earthquakes magnitude is between 1.5 - 2 



Distribution of VT earthquakes compare to geological structure 

SINABUNG 

Geological Map of The Medan Quadrangle, Sumatera (Cameron, N.R. 1982) 



GEOLOGIC STRUCTURE  FEATURE OF  SINABUNG VOLCANO 
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Pyroclastic flow impacted area from the simulation 



Pyroclastic flow distribution and area potentially impacted 



Pyroclastic flow 
impact on April 2015 



Sukameriah 

Gurukunayan 

Tigapancur 

Berastepu 

Bekerah 

Simacem 

Payung 

Selandi 
Perbaji 

Tiganderket 

Mardinding Susuk 
Kutambaro 

Lahar inundated area from LaharZ simulation 



Lahars can flow through the rivers that disgorge at Sinabung (Lau Borus River) and potentially threaten 
the villages of Sukameriah, Gurukinayan, Bekerah village and villages near Lau Borus river, such as  
Payung, Selandi, Berastepu village . Lahar from the summit can also flow through  to the valley and 
potentially threaten the several villages of  Tiganderket district. 
 

Lahar occured on 29 October  2013 (in the 
valley between Sukameriah-Bekerah village)  



Secondary hazard  : Sinabung Lahar on  August 2014  



 



Level 1 
(Normal) 

Berdasarkan hasil pengamatan secara visual dan atau instrumental dapat teramati 
fluktuasi tetapi tidak memperlihatkan peningkatan kegiatan. Ancaman bahaya berupa 
gas-gas beracun dapat terjadi di sekitar pusat erupsi berdasarkan karakteristik masing-
masing gunungapi. 

Level II 
(WASPADA ) 

Berdasarkan hasil pengamatan secara visual dan atau instrumental mulai teramati atau 
terekam gejala peningkatan kegiatan gunungapi. Pada beberapa gunungapi dapat 
terjadi erupsi tetapi hanya menimbulkan ancaman bahaya di sekitar pusat erupsi 
berdasarkan karakteristik masing-masing gunungapi. 

Level III 
(SIAGA) 

  

Berdasarkan hasil pengamatan secara visual dan atau instrumental teramati 
peningkatan kegiatan yang semakin nyata. Kegiatan dapat berupa erupsi tetapi tidak 
mengancam pemukiman dan atau aktivitas masyarakat di sekitar gunungapi 
berdasarkan karakteristik masing-masing gunungapi. 

Level IV 
(AWAS)  

Berdasarkan hasil pengamatan secara visual dan atau instrumental peningkatan 
kegiatan dapat diikuti atau telah terjadi erupsi yang berpotensi mengancam 
pemukiman  dan atau aktivitas masyarakat di sekitar gunungapi. 

TINGKAT KEGIATAN DAN ANCAMAN  
LETUSAN/AKTIVITAS GUNUNGAPI  



Level	I	
NORMAL	

Level	II	
WASPADA	

Level	III	
SIAGA	

Level	IV		
AWAS	
	

Volcanic activity stays 
in normal state  
	

The activity begins to increase 

The volcano starts to  main erupt, may 
lead to the main eruption and  threat 
people settlement 
	

Limited activities 
on 

Volc. Hazard Zone II, III 

No activities on 
Volc. Hazard Zone II, III 

EvacuaRon	
Volc.	Hazard	Zone	II,	III	

Volcanic	Hazard	Zone	Map	

The activity shows some eruption 
showing some minor eruptions and 
but not yet threat  people settlement 
 

Local Government and Community Response 
In Volcanic Activity 



VOLCANO OBSERVATORY POST 
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HEAD OF CVGHM 

HEAD OF  
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/BPBD 
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DIRECTOR OF 

AVIATION SAFETY 
 

THE  NEAREST AIRPORT & 
STAKEHOLDERS 

COMMUNITY 
AROUND THE 

VOLCANO 

INFORMATION DISTRIBUTION FOR INCREASING OF VOLCANIC ACTIVITY 



DISASTER MITIGATION SERVICES OF SINABUNG ERUPTION 2010 

LOCAL  GOVERNEMENT ( HEAD OF REGENCY, 
GOVERNOR) 

COMMUNITY 

PRESIDENT HEAD OF BNPB 

PERS -MEDIA 

VOLCANO MONITORING 



VTB Earthquakes at Sinabung Volcano 
q  S-P arrival time less than 1 second 
q  Shallow volcanic earthquakes 
q  High frequency content  (5 – 15 Hz) 
q  Only record by seismic station near 
     the summit 

S-p time =0.5 s 

Depth=2.6 km under 
The summit 

Frequency dominant Epicenter Hypocenter 

St. SKA Waveform 



VTA Earthquakes at Sinabung Volcano 
S-p time =1.2 s 

St. SKA Waveform 

Frequency dominant Epicenter Hypocenter 

Depth=7 km under 
The summit 

q  S-P arrival time between 1 – 3.5 seconds 
q  Deep volcanic earthquakes 
q  High frequency content  (5 – 20 Hz) 
q  Record by seismic station outside 
     the volcano 



• Gempa Vulkano-Tektonik Dalam tipe A (VT Tipe A) � clear onset of Pwave dengan 
selisih waktu tiba Ts-Tp = 1 hingga 3.5 detik 

Gempa Vulkano-Tektonik Dangkal tipe B (VT Tipe B) � selisih waktu 
tiba gelombang P dan S kurang dari 1 detik 



Hybrid events 

Low frequency 



T-type earthquake (Tornillo),  

Tremor, 
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Gempa Hembusan (  Emission ) 

• Gempa Letusan (Explosion Event) 



Gempa Guguran ( Avalanche Type) 





Monitoring network 

Seismic station 

Tiltmeter 



Typical of seismic earthquake 
A-type (deep volcanic type) 

Volcanic tremor 

Avalanche 

Explosion 

Pyroclastic flow/glowing avalanche 

Tectonic 

B-type (shallow volcanic type) 
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