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1. Background
The Intergovernmental Coordination Group for the Pacific Tsunami Warning and Mitigation System (ICG/PTWS), at its 27th Session, decided to continue the Regional Working Group on Tsunami Warning and Mitigation System for the South China Sea Region (ICG/PTWS-WG-SCS) under the chairmanship of Mr Sai-Tick Chan (HKO, China).
To enhance the South China Sea Seismic and Sea Level monitoring capability, the WG-SCS at its 4th meeting held by BMKG in Jakarta examined the report on the inventory of seismic and sea level stations in the SCS region compiled by IOC Secretariat and PTWC, and further decided to establish a network of national seismic and sea level operators, with contact points identified by each Member States to coordinate the completion of the station lists available for tsunami monitoring in the SCS region. The WG-SCS V meeting held hosted by PhilVOCS PHIVOLCS in Manila decided to continue to compile a comprehensive inventory list of both seismic and sea level stations operated by each Member States, available in real time or not. The WG-SCS at its 6th meeting (Shanghai,1-3 March, 2017) reviewed the Report on the Survey for the Inventory of Seismic and Sea Level Stations in the South China Sea Region, and defined a list of Seismic and Sea Level Core Stations in the SCS region as a basis for further enhancing tsunami warning capability. The WG-SCS VII also requesteds the SCSTAC to implement the data sharing through SCS Seismic and Sea Level Data Server and provide monthly report on data availability and detection performance based on the up-to-date seismic and sea level Networks contributed by Member States.
Currently there are 62 seismic stations and 16 sea level stations contributed by the WG-SCS Member States through public channels. This report contains the following contents: 
The inventory of Seismic and Sea Level Core Stations in the SCS region;
Data availability from January 1st 2018 to February 20th 2018;
Evaluation of monitoring and detection threshold based on the seismic and sea level networks available to the SCSTAC and lists of the defined SCS Core Stations.
2. Seismic and Sea Level Core Stations in the SCS region
Open, fast and stable access to seismic and sea level data in real time from international, regional, national networks by alternate methods and approaches is of most essence for rapid detection of earthquakes and subsequent confirmation of existence of a destructive tsunami and its severity. One of the main purposes of establishment of South China Sea Tsunami Warning and Mitigation System is to enhance earthquake and tsunami monitoring capability through regional collaboration and coordination. 
2.1 Seismic Core Stations
The seismic data streams used for tsunami warning purpose in the SCS region mainly come from IRIS and GEOFON Data Management Center (DMC). As of February 2018, overall 118 seismic stations are monitoring monitored by the South China Sea Tsunami Advisory Center (SCSTAC) in the SCS region (10°S-30°N, 90°E-135°E), among which 59 stations received from IRIS/IDA, IRIS/USGS and GEOFON, 13 stations from China State Oceanic Administration Coastal Broadband Array for Tsunami Warning, and 46 stations from China Earthquake Administration. Overall there are 62 seismic stations publicly accessible from internet contributed by WG-SCS Member States (Figure 1, Table referring to ANNEX I). 
According to statistical result by SCSTC from 1 January to 31 December 2017,  among these 62 stations, 48 stations (77%) are contributing in real time, 3 stations are in delayed mode (20-30 minutes), and 12 stations are non-operational at this time. Averagely, 77% of the 62 stations had a data availability of >90% with a latency lower than 2 minutes. The average percent up-time for the specified period was 96.1%.

Figure 1 Seismic stations contributed by WG-SCS Member States through publicly accessible resource
The ICG/PTWS WG-SCS VI Meeting (Shanghai, 2017) defined a list of Seismic Core Stations in the SCS region as a basis for further enhancing tsunami warning capability. The number of the Seismic Core Stations amounts to 115(Figure 2). Brunei, China, Indonesia, Malaysia, the Philippines, Thailand and Vietnam reviewed and confirmed the lists for seismic and sea level stations, as included in ANNEX I. Some seismic stations within the list are critical to shorten the initial earthquake detection time in the Sulu Sea and Celebes Sea.

Figure 2  Seismic Core Stations in the SCS region for further enhancing data sharing (ICG/PTWS WG-SCS VI, Shanghai, 2017)

2.2 Sea Level Core Stations
Real-time sea level network is essential for early detection of tsunami waves, as well as cancellation of tsunami warnings. In the case that tsunami is generated by non-seismic source, i.e., underwater landslide, the sea level data will be the primary tool for detection and evaluation of threat. In the SCS region, basically there are two types of sea level data that can be used to detect tsunamis, including tidal gauges installed along the coasts and in the islands, as well as deep-ocean tsunami buoy. 
Currently 16 sea level stations are providing data through the IOC Sea Level Station Monitoring Facility (IOC SLMF) in the SCS region (Figure 3, Table referring to ANNEX II). Among these tidal gauges, 1 station was not providing real-time sea level at least in the past 3 months, and the rest are contributing in real time with sampling intervals of 1-6 minute. The average latency for data accessibility is about 8 minutes.  As shown in the Figure 3, sea level monitoring gaps exist in Sulu Sea, Celebes Sea and North Borneo.
During the WG-SCS V Meeting, BMKG delegates reported that the Indonesian agency Geospatial Information, Badan Informasi Geospasial (BIG) had a publicly available website that provides Indonesia’s real time sea level curves (http://tides.big.go.id:8888/realtime/). From this website there are several stations that could help fill the gaps in the Celebes Sea and Sulu Sea, which include Melonguane, Tahuna, Jailolo, Manado, Tolitoli, Tarakan, Natuna, Tarempa, Pemangkat and Jambi. BMKG was exploring with BIG to increase the number of stations available through the IOC SLMF from the above listed stations. According to the recent visiting records, the website was not in proper service.
The Sea Level Core Stations in the SCS region, as reviewed and confirmed in WG-SCS VI meeting (Shanghai, 1-3 March, 2017), can be found in ANNEX II for reference. The overall number can reach up to 69 stations along the coasts of SCS, Sulu Sea and Celebes Sea (Figure 4).

Figure 3  Sea level stations publicly available from IOC-SLMF in 2017

Figure 4  Sea Level Core Stations in the SCS region for further enhancing data sharing (ICG/PTWS WG-SCS IVVI, Shanghai, 2017)
3. Detection Performance of Seismic and Sea Level Networks
A methodology was developed to quantify minimum performance standards for the detection and analysis of earthquakes and tsunamis. This study is helpful in identifying weaknesses in the current international seismic and sea level networks, and providing guidance on priority of seismic and sea level station deployment and sharing in high tsunami hazard areas. 
3.1 Seismic Network Performance and Monitoring Gaps
The SCS region defined here contains three independent semi-enclosed basins including South China Sea, Sulu Sea and Celebes Sea. Each of them is bordered by some active subduction systems. Several potential tsunami zones are identified including Manila Trench, Negros Trench, Cotabato Trench, North Sulawesi Trench and Molucca Double Subduction zone. In the past 100-year, seismicity along the North Manila Trench, Cotabato Trench and North Sulawesi Trench was very active. In 2017, there were altogether four earthquakes with magnitude ≥ 6.0 in the SCS region. The largest one was the deep-source earthquake with M7.3 that occurred in the Celebes Sea. None of the four earthquakes triggered the a tsunami. The earthquake monitoring and processing system provided the initial seismic automatic location results after the earthquake occurrence, the average locating delay time is less than 4 minutes, the detailed information for four earthquakes is as follows. The rapid preliminary determination of epicenters provides a guarantee for the release of the South China Sea tsunami warning information. It should be noted that, the current distribution of seismic stations fails to meet the requirement to earthquake detection within 1-2 minutes.
Table1 The list of earthquakes with M ≥  6.0 occurred in the SCS region in 2017
	No
	Origin Time  (UTC)
	Lon  (°)
	Lat  (°)
	Depth  (km)
	Mag
	Location
	Latency

	1
	2017/08/11 05:28:25
	120.74°E
	14.00°N
	172.0
	6.2
	LUZON, PHILIPPINES
	3min16sec

	2
	2017/05/20 01:06:18
	123.95°E
	9.38°N
	530.0
	6.0
	MINDANAO, PHILIPPINES
	3min52sec

	3
	2017/04/28 20:23:18
	125.17°E
	5.45°N
	35.0
	6.9
	MINDANAO, PHILIPPINES
	4min08sec

	4
	2017/01/10 06:13:48
	122.62°E
	4.48°N
	627.0
	7.3
	CELEBES SEA
	3min41sec



As shown in the following Figure 5 and 7, taking an assumption of 100% of current seismic network operating, theoretically the SCSTAC can detect minor earthquakes with magnitude of 4.0 – 5.0 along the northern Manila Trench connected to the South Taiwan, with a P-wave detection latency of 30 – 90 second (0.5-1.5 minute). This area exhibits high level of seismicity in the recent 20 year, and is a candidate source for tsunami generation. However, for potential tsunami sources in Southern Luzon, Sulu Sea and North Celebes Sea, the detection threshold for magnitude is 5.5 – 5.8, with a P-wave detection latency of 100 – 150 second (2-3 minute). 
Seismic stations close to the major subduction zones in the SCS region are very critical for the operation of tsunami warning centers. The current seismic network can be triggered for major earthquake with magnitude greater than 5.5 with a latency of 3-5 minute according to SCSTAC internal operations in 2016-2017. Figure 8 simulates the outage of CEA national network, and it suggests that the detection magnitude threshold and response time at major tsunami sources in the SCS region is not sensitive to far-field seismic networks such as China inland, Vietnam, Thailand. On the contrary, the increase of near-field seismic networks contributed by the Philippines, Malaysia, Indonesia, and China Southeast coast & Taiwan is very helpful in improving earthquake monitoring performance.
Considering the current status of seismic network in the SCS region, the minimum seismic network performance requirements for initial earthquake parameters should be defined as: 
1) Earthquake detection within 4 minute, and
2) Minimum magnitude threshold Mw=5.5.
As illustrated in Figure 6 and 9, presuming that the SCS Seismic Core Stations can be fully implemented by each Member State in the future, the theoretical earthquake detection latency can dramatically reduce to  50  second (~0.8 minute) for magnitude of 4-5 in Sulu Sea and Celebes Sea.

Figure 5  Mw detection threshold performance model of the current seismic network available to the SCSTAC (Data sources: IRIS and GEOFON (Red Triangle); SOA Coastal Broadband Array for Tsunami Warning (Blue Triangle); China Earthquake Administration (Gray Triangle, Bilateral Cooperation between SOA and CEA to support SCSTAC)
[image: G:\sharelinux\TT-task-3\M_all_jcnl.jpg]
Figure 6 Expected Mw detection threshold performance model presuming the full availability of the SCS Seismic Core Stations 


[image: G:\TSUNAMI\国际合作\SCSTW6\report\数据\xuzg\4sta_p.jpg] 
Figure 7  P-wave detection time performance model of the current seismic network available to the SCSTAC (Data sources: IRIS and GEOFON (Red Triangle); SOA Coastal Broadband Array for Tsunami Warning (Blue Triangle); China Earthquake Administration (Gray Triangle, Bilateral Cooperation between SOA and CEA to support SCSTAC)
[image: G:\TSUNAMI\国际合作\SCSTW6\report\数据\xuzg\down_4sta_p.jpg]
Figure 8  P-wave detection time performance model of the current seismic network received from IRIS, GEOFON and SOA Coastal Broadband Array for Tsunami Warning (Outage of CEA National Network)

Figure 9  P-wave detection time performance model Presuming the full availability of the SCS Seismic Core Stations 
3.2 Sea Level Network Performance and Monitoring Gaps
[bookmark: _GoBack]The minimum detection time of tsunamis by current publicly-accessible tidal gauge network in the SCS region is presented in Figure 10, overlapped with coastal tsunami hazard at 2000-year return period. Here we define that the early detection time after the occurrence of local tsunamis should be less than half hour, preferably less than 15 minute (areas with RED colour in the contour). Obviously, among the main tsunami sources, local tsunami can be detected within 30 minute along the North and South part of Manila Trench, while in the middle Manila Trench around 15-17°N there is a lack of tidal gauges (need nearly one hour). For local tsunami generated by Negros Trench and Sulu Trench within the Sulu Sea, it takes almost one hour to confirm the wave activities for such a small basin.  For local tsunami generated along the Cotabato Trench, Molucca Sea and North Sulawesi Trench, the tsunami detection capability is even worse. For tsunami occurred at west Sulawesi Trench, it takes more than one hour to confirm the wave amplitude, and at Cotabato Trench, it take 40-60 minute for SCSTAC to response. For such a long time, confusion can be raised due to lack of sea level information. 
However, If we assume to adopt the SCS Sea Level Core Stations shown in Figure 4, remarkable improvement would be achieved for early detection of tsunamis in Sulu Sea and Celebes Sea (Figure 11).  Due to proper coverage of tidal gauges , the local tsunami waves can be recorded within half hour for the majority of coastlines in the aforementioned areas.
[image: ]
Figure 10  Minimum detection time of tsunamis by current publicly-accessible tidal gauge network in the SCS region (Coloured Dots: Tsunami amplitude for 2000-year return period along the coasts; White Triangle: Tidal gauges; Coloured contour: Minimum detection time by tidal gauges). Areas with RED colour represent detection time of local tsunamis is less than 30 minute, which can meet the requirement for early confirmation of wave amplitude. 
[image: G:\sharelinux\TT-task-3\68_all_jcnl.jpg]
Figure 11  Minimum detection time of tsunamis by sea level core stations in the SCS region (Coloured Dots: Tsunami amplitude for 2000-year return period along the coasts; White Triangle: Tidal gauges; Coloured contour: Minimum detection time by tidal gauges). Areas with RED colour represent detection time of local tsunamis is less than 30 minute, which can meet the requirement for early confirmation of wave amplitude. 
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Annex I  Seismic Core Stations in the SCS region
	South China Sea Seismic Monitoring Core Network for ICG/PTWS WG-SCS

	No.
	Source
	Network
	Station Code/Location
	Lon
	Lat
	Description
	Country
	Accessibility Yes/No

	1
	IRIS
	HK
	HKPS
	114.1415
	22.2776
	China
	China
	Yes

	2
	SOA,China
	OB
	ZLG, Zhelang
	115.567
	22.65
	China SOA Broadband Seismic Network
	China
	Yes

	3
	SOA,China
	OB
	ZPO, Zhapo
	111.833
	21.583
	China SOA Broadband Seismic Network
	China
	Yes

	4
	SOA,China
	OB
	QLN, Qinglan
	110.817
	19.567
	China SOA Broadband Seismic Network
	China
	Yes

	5
	SOA,China
	OB
	SLS,Songlanshan
	120.50
	30.60
	China SOA Broadband Seismic Network
	China
	No

	6
	SOA,China
	OB
	SSA, Sansha
	120.22
	26.92
	China SOA Broadband Seismic Network
	China
	No

	7
	SOA,China
	OB
	CWU,Chongwu
	118.92
	24.90
	China SOA Broadband Seismic Network 
	China
	No

	8
	SOA,China
	OB
	NAD, Nan'ao
	117.10
	23.40
	China SOA Broadband Seismic Network
	China
	No

	9
	SOA,China
	OB
	PIT, Pingtan
	119.83
	25.47
	China SOA Broadband Seismic Network
	China
	No

	10
	SOA,China
	OB
	SYA, Sanya
	109.50
	18.23
	China SOA Broadband Seismic Network
	China
	No

	11
	SOA,China
	OB
	NZU, Naozhou
	110.62
	20.90
	China SOA Broadband Seismic Network
	China
	No

	12
	IRIS
	IC
	KMI
	102.74
	25.1233
	New China Digital Seismographic Network
	China
	Yes, Delayed mode

	13
	IRIS
	IC
	LSA
	91.127
	29.7031
	New China Digital Seismographic Network
	China
	Yes, Delayed mode

	14
	IRIS
	IC
	QIZ
	109.8445
	19.0291
	New China Digital Seismographic Network
	China
	Yes, Delayed mode

	15
	IRIS
	IU
	TATO
	121.4971
	24.9735
	GSN(IRIS/USGS)
	China
	Yes

	16
	IRIS
	TW
	KMNB
	118.3882
	24.4638
	Broadband Array in Taiwan region for Seismology
	China
	Yes

	17
	IRIS
	TW
	NACB
	121.5947
	24.1738
	Broadband Array in Taiwan region for Seismology
	China
	Yes

	18
	IRIS
	TW
	SSLB
	120.954
	23.7875
	Broadband Array in Taiwan region for Seismology
	China
	Yes

	19
	IRIS
	TW
	TPUB
	120.6296
	23.3005
	Broadband Array in Taiwan region for Seismology
	China
	Yes

	20
	IRIS
	TW
	TWGB
	121.0799
	22.8176
	Broadband Array in Taiwan region for Seismology
	China
	Yes

	21
	IRIS
	TW
	YHNB
	121.3748
	24.6698
	Broadband Array in Taiwan region for Seismology
	China
	Yes

	22
	IRIS
	TW
	YULB
	121.2973
	23.3924
	Broadband Array in Taiwan region for Seismology
	China
	Yes

	23
	GEOFON
	GE
	BKB
	116.9048
	-1.1073
	BMKG
	Indonesia
	Yes

	24
	GEOFON
	GE
	BKNI
	101.0396
	0.3262
	BMKG
	Indonesia
	Yes

	25
	GEOFON
	GE
	FAKI
	132.2489
	-2.9192
	BMKG
	Indonesia
	Yes

	26
	GEOFON
	GE
	GSI
	97.5755
	1.3039
	BMKG
	Indonesia
	Yes

	27
	GEOFON
	GE
	LHMI
	96.9472
	5.2288
	BMKG
	Indonesia
	Yes

	28
	GEOFON
	GE
	LUWI
	122.7717
	-1.0418
	BMKG
	Indonesia
	Yes

	29
	GEOFON
	GE
	TNTI
	127.3667
	0.7718
	BMKG
	Indonesia
	Yes

	30
	IRIS
	II
	KAPI
	119.7517
	-5.0142
	GSN(IRIS/IDA)
	Indonesia
	Yes

	31
	BMKG
	IA
	Pangkalan Bun (PBKI)
	111.6697
	-2.7047
	BMKG
	Indonesia
	No

	32
	BMKG
	IA
	Palu (PCI)
	119.8366
	-0.9054
	BMKG
	Indonesia
	No

	33
	BMKG
	IA
	Palangkaraya (PKKI)
	113.9721
	-2.241
	BMKG
	Indonesia
	No

	34
	BMKG
	IA
	Pontianak (PTKI)
	109.4049
	-0.1454
	BMKG
	Indonesia
	No

	35
	GEOFON
	GE
	Sanana (SANI)
	125.9881
	-2.0497
	BMKG
	Indonesia
	No

	36
	BMKG
	IA
	Sintang (STKI)
	111.4772
	0.0656
	BMKG
	Indonesia
	No

	37
	BMKG
	IA
	Tarakan (TARAI)
	17.5703
	3.3271
	BMKG
	Indonesia
	No

	38
	GEOFON
	GE
	Ternate (TNTI)
	127.3669
	0.7721
	BMKG
	Indonesia
	No

	39
	GEOFON
	GE
	Tolitoli (TOLI2)
	120.7817
	1.1112
	BMKG
	Indonesia
	No

	40
	BMKG
	IA
	Tanjungpandan (TPI)
	107.65339
	-2.75631
	BMKG
	Indonesia
	No

	41
	BMKG
	IA
	Ambon (AAII)
	128.1945
	-3.687
	BMKG
	Indonesia
	No

	42
	BMKG
	GE
	Bangkinang (BKNI)
	101.0396
	0.3262
	BMKG
	Indonesia
	No

	43
	BMKG
	IA
	Galela, Maluku (GLMI)
	127.7879
	1.8381
	BMKG
	Indonesia
	No

	44
	BMKG
	IA
	Gorontalo (GTOI)
	123.0105
	0.6358
	BMKG
	Indonesia
	No

	45
	BMKG
	IA
	Kotabaru (KBKI)
	116.167
	-3.2995
	BMKG
	Indonesia
	No

	46
	BMKG
	IA
	Langsa, Aceh (LASI)
	97.9704
	4.4572
	BMKG
	Indonesia
	No

	47
	BMKG
	IA
	Labuha (LBMI)
	127.5008
	-0.6379
	BMKG
	Indonesia
	No

	48
	GEOFON
	GE
	Lhok Sumawe (LHMI)
	96.9472
	5.2288
	BMKG
	Indonesia
	No

	49
	BMKG
	IA
	Manado (MNI)
	124.83989
	1.44389
	BMKG
	Indonesia
	No

	50
	BMKG
	IA
	Tondano (TMSI)
	124.92
	1.2948
	BMKG
	Indonesia
	No

	51
	BMKG
	IA
	Tanjung Pinang (TPRI)
	104.5263
	0.9184
	BMKG
	Indonesia
	No

	52
	BMKG
	IA
	Sangihe (SGSI)
	125.5286
	3.686
	BMKG
	Indonesia
	No

	53
	
	
	BNM, Bakun
	114.035
	2.7767
	Malaysian National Seismic Network
	Malaysia
	No

	54
	
	
	FRM, Kepong
	101.625
	3.237
	Malaysian National Seismic Network
	Malaysia
	No

	55
	
	
	KDM, Kudat
	116.806
	6.936
	Malaysian National Seismic Network
	Malaysia
	No

	56
	
	
	KTM, Kuala Trengganu
	103.136
	5.328
	Malaysian National Seismic Network
	Malaysia
	No

	57
	
	
	SPM, Sapulut
	116.465
	4.7083
	Malaysian National Seismic Network
	Malaysia
	No

	58
	
	
	TGM, Temenggor
	101.2929
	5.4112
	Malaysian National Seismic Network
	Malaysia
	No

	59
	
	
	BKM, Batu Kikir
	102.271
	2.858
	Malaysian National Seismic Network
	Malaysia
	No

	60
	
	
	KGM, Kluang
	103.319
	2.0157
	Malaysian National Seismic Network
	Malaysia
	No

	61
	
	
	KOM, Kota Tinggi
	103.8467
	1.7922
	Malaysian National Seismic Network
	Malaysia
	No

	62
	
	
	JRM, Jerantut
	102.4767
	3.8867
	Malaysian National Seismic Network
	Malaysia
	No

	63
	
	
	KRM, Kuala Krai
	102.1931
	5.5151
	Malaysian National Seismic Network
	Malaysia
	No

	64
	
	
	SDM, Sandakan
	117.195
	5.6409
	Malaysian National Seismic Network
	Malaysia
	No

	65
	
	
	LDM, Lahad Datu
	118.498
	5.1777
	Malaysian National Seismic Network
	Malaysia
	No

	66
	
	
	TSM, Tawau
	117.8725
	4.2936
	Malaysian National Seismic Network
	Malaysia
	No

	67
	
	
	RAM, Ranau
	116.6816
	5.9548
	Malaysian National Seismic Network
	Malaysia
	No

	68
	
	
	DVM, Danum Valley
	117.8442
	4.9804
	Malaysian National Seismic Network
	Malaysia
	No

	69
	
	
	SMM, Semporna
	118.622
	4.4398
	Malaysian National Seismic Network
	Malaysia
	No

	70
	
	
	BTM, Bintulu
	113.099
	3.206
	Malaysian National Seismic Network
	Malaysia
	No

	71
	
	
	LAM, Batang Ai
	111.8
	1.17
	Malaysian National Seismic Network
	Malaysia
	No

	72
	
	
	MUM, Murum
	114.37
	2.6456
	Malaysian National Seismic Network
	Malaysia
	No

	73
	IRIS
	MY
	IPM
	101.0255
	4.4795
	Malaysian National Seismic Network
	Malaysia
	Yes

	74
	IRIS
	MY
	KKM
	116.2147
	6.0443
	Malaysian National Seismic Network
	Malaysia
	Yes

	75
	IRIS
	MY
	KSM
	110.3083
	1.4733
	Malaysian National Seismic Network
	Malaysia
	Yes

	76
	IRIS
	MY
	KUM
	100.6492
	5.2902
	Malaysian National Seismic Network
	Malaysia
	Yes

	77
	IRIS
	MY
	SBM
	112.214
	2.4529
	Malaysian National Seismic Network
	Malaysia
	Yes

	78
	IRIS
	IU
	DAV
	125.5791
	7.0697
	GSN(IRIS/USGS)
	Philippines
	Yes

	79
	IRIS
	RM
	SZP
	120.455
	17.552
	Regional Integrated Multi Hazard Early Warning System
	Philippines
	Yes

	80
	
	
	Baler, Aurora
	121.576
	15.741
	Philippines Seismic Network
	Philippines
	No

	81
	
	
	Bataraza, Palawan
	117.801
	8.797
	Philippines Seismic Network
	Philippines
	No

	82
	
	
	Basco, Batanes
	121.964
	20.4411
	Philippines Seismic Network
	Philippines
	No

	83
	
	
	Cagua, Cagayan Valley
	122.046
	18.242
	Philippines Seismic Network
	Philippines
	No

	84
	
	
	Coron Island, Palawan
	120.199
	12.003
	Philippines Seismic Network
	Philippines
	No

	85
	
	
	Lubang Island
	120.246
	13.734
	Philippines Seismic Network
	Philippines
	No

	86
	
	
	Maasin, Southern Leyte
	124.859
	10.134
	Philippines Seismic Network
	Philippines
	No

	87
	
	
	Ipil, Zamboanga Sibuguey
	122.571
	7.788
	Philippines Seismic Network
	Philippines
	No

	88
	IRIS
	MS
	BESC
	103.8513
	1.3421
	IRIS/Singapore
	Singapore
	Yes

	89
	IRIS
	MS
	BTDF
	103.7729
	1.3608
	IRIS/Singapore
	Singapore
	Yes

	90
	IRIS
	MS
	KAPK
	103.8883
	1.2967
	IRIS/Singapore
	Singapore
	Yes

	91
	IRIS
	MS
	NTU
	103.6851
	1.3537
	IRIS/Singapore
	Singapore
	Yes

	92
	
	
	Bhumibol Dam
	99.003
	17.2443
	Thai Seismic Monitoring Network
	Thailand
	No

	93
	
	
	Chaiyaphum
	101.9864
	15.9018
	Thai Seismic Monitoring Network
	Thailand
	No

	94
	
	
	Nakornpanom
	104.6122
	17.1476
	Thai Seismic Monitoring Network
	Thailand
	No

	95
	
	
	Songkhla
	100.62
	7.17
	Thai Seismic Monitoring Network
	Thailand
	No

	96
	
	
	Khong Chiam
	105.47
	15.28
	Thai Seismic Monitoring Network
	Thailand
	No

	97
	IRIS
	TM
	CMMT
	98.9476
	18.8128
	Thai Seismic Monitoring Network
	Thailand
	Yes

	98
	IRIS
	TM
	CRAI
	100.4
	20.23
	Thai Seismic Monitoring Network
	Thailand
	Yes

	99
	IRIS
	TM
	LOEI
	101.2644
	17.5093
	Thai Seismic Monitoring Network
	Thailand
	Yes

	100
	IRIS
	TM
	MHIT
	97.9632
	19.3148
	Thai Seismic Monitoring Network
	Thailand
	Yes

	101
	IRIS
	TM
	NAYO
	101.3
	14.32
	Thai Seismic Monitoring Network
	Thailand
	Yes

	102
	IRIS
	TM
	NONG
	103.1
	18.06
	Thai Seismic Monitoring Network
	Thailand
	Yes

	103
	IRIS
	TM
	PANO
	104.6122
	17.1476
	Thai Seismic Monitoring Network
	Thailand
	Yes

	104
	IRIS
	TM
	PBKT
	100.969
	16.5733
	Thai Seismic Monitoring Network
	Thailand
	Yes

	105
	IRIS
	TM
	PHRA
	100.2293
	18.4989
	Thai Seismic Monitoring Network
	Thailand
	Yes

	106
	IRIS
	TM
	PRAC
	99.79
	12.47
	Thai Seismic Monitoring Network
	Thailand
	Yes

	107
	IRIS
	TM
	SRIT
	99.602
	8.5955
	Thai Seismic Monitoring Network
	Thailand
	Yes

	108
	IRIS
	TM
	SURA
	99.63
	9.166
	Thai Seismic Monitoring Network
	Thailand
	Yes

	109
	IRIS
	TM
	TMDB
	100.6068
	13.6684
	Thai Seismic Monitoring Network
	Thailand
	Yes

	110
	IRIS
	TM
	UBPT
	105.4695
	15.2773
	Thai Seismic Monitoring Network
	Thailand
	Yes

	111
	IRIS
	IU
	CHTO
	98.9443
	18.8141
	GSN(IRIS/USGS)
	Thailand
	Yes

	112
	IRIS
	RM
	DLV
	108.4815
	11.952
	Regional Integrated Multi Hazard Early Warning System
	Vietnam
	Yes

	113
	IRIS
	RM
	SLV
	103.9067
	21.3252
	Regional Integrated Multi Hazard Early Warning System
	Vietnam
	Yes

	114
	
	
	PQVB
	108.94775
	10.55117
	Vietnam National Seismic Network VN
	Vietnam
	No

	115
	
	
	CDVB
	106.60147
	8.69512
	Vietnam National Seismic Network VN
	Vietnam
	No




Annex II  Sea Level Core Stations in the SCS region 
	South China Sea Sea Level Monitoring Core Station Inventory

	No.
	Station Name
	Code(IOC)
	Lat
	Lon
	Country
	Availability (Yes/No)
	Data Transfer Mechanism

	1
	Quarry Bay
	quar
	22.291
	114.213
	China
	Yes
	GTS

	2
	Shenzhen
	shen
	22.47
	113.88
	China
	Yes
	GTS

	3
	Zhapo
	zhap
	21.58
	111.82
	China
	Yes
	GTS

	4
	Qinglan
	qing
	19.57
	110.82
	China
	Yes
	GTS

	5
	Xiamen
	
	24.450
	118.067
	China
	No
	

	6
	Shanwei
	
	22.75
	115.35
	China
	No
	

	7
	Xiuying
	
	20.017
	110.283
	China
	No
	

	8
	Nan'ao
	
	23.4
	117.1
	China
	No
	

	9
	Zhuhai
	
	22.28
	113.58
	China
	No
	

	10
	Naozhou
	
	20.9
	110.62
	China
	No
	

	11
	Sanya
	
	18.23
	109.5
	China
	No
	

	12
	Bitung
	bitu
	1.438944
	125.19043
	Indonesia
	Yes
	GTS

	13
	Ambon
	ambon
	-3.683333
	128.18333
	Indonesia
	Yes
	GTS

	14
	Nunukan
	
	4.1466139
	117.66654
	Indonesia
	No
	

	15
	Tarakan
	
	3.2815528
	117.59375
	Indonesia
	No
	

	16
	Marore
	
	4.7177528
	125.4787
	Indonesia
	No
	

	17
	Anggrek
	
	0.8588194
	122.7951
	Indonesia
	No
	

	18
	Toli-Toli
	
	1.0506111
	120.80002
	Indonesia
	No
	

	19
	Jailolo
	
	1.0572889
	127.46973
	Indonesia
	No
	

	20
	Tobelo
	
	1.7243111
	128.01469
	Indonesia
	No
	

	21
	Tahuna
	
	3.6022556
	125.50158
	Indonesia
	No
	

	22
	Pulau Perhentian
	ms004
	5.900
	102.766
	Malaysia
	No
	GTS

	23
	Kudat
	ms005
	6.877
	116.846
	Malaysia
	No
	GTS

	24
	Sahabat
	ms006
	5.076
	119.078
	Malaysia
	No
	GTS

	25
	Pulau Tioman
	
	2.773
	104.114
	Malaysia
	No
	

	26
	Tanjung Gelang
	
	3.968
	103.434
	Malaysia
	No
	

	27
	Cendering
	
	5.265
	103.187
	Malaysia
	No
	

	28
	Getting
	
	6.226
	102.107
	Malaysia
	No
	

	29
	Miri
	
	3.712
	113.418
	Malaysia
	No
	

	30
	Bintulu
	
	3.216
	113.054
	Malaysia
	No
	

	31
	Labuan
	
	5.313
	115.256
	Malaysia
	No
	

	32
	Lahad Datu
	
	5.019
	118.346
	Malaysia
	No
	

	33
	Tawau
	
	4.261
	117.865
	Malaysia
	No
	

	34
	Teluk Sepanggar
	
	6.088
	116.113
	Malaysia
	No
	

	35
	Mukah
	
	2.380
	111.179
	Malaysia
	No
	

	36
	Tanjung Kling
	
	2.203
	102.219
	Malaysia
	No
	

	37
	Pulau Perak
	
	5.684
	98.939
	Malaysia
	No
	

	38
	Pulau Jarak
	
	4.126
	100.328
	Malaysia
	No
	

	39
	Pantai Kerachut
	
	5.451
	100.182
	Malaysia
	No
	

	40
	Porto Malai
	
	6.257
	99.734
	Malaysia
	No
	

	41
	Layang-Layang
Tsunami Buoy,
Sabah
	
	
	
	Malaysia
	No
	Tsunameter
(deep ocean
buoy)

	42
	CURRIMAO
	curri
	17.983
	120.483
	Philippines
	Yes
	GTS

	43
	SUBIC
	subi
	14.767
	120.25
	Philippines
	Yes
	GTS

	44
	MANILA
	mani
	14.583
	120.967
	Philippines
	Yes
	GTS

	45
	LUBANG
	luba
	13.818444
	120.20223
	Philippines
	Yes
	GTS

	46
	APPARRI
	
	18.36
	121.63
	Philippines
	No
	

	47
	BOLINAO
	
	16.4
	119.89
	Philippines
	No
	

	48
	CORREGIDOR
	
	14.389
	120.587
	Philippines
	No
	

	49
	SIPALAY
	
	9.743
	122.396
	Philippines
	No
	

	50
	SARANGGANI
BAY
	
	5.92
	125.25
	Philippines
	No
	

	51
	KALAMANSIG
	
	6.552
	124.044
	Philippines
	No
	

	52
	Tanjong Pagar
	tanjo
	1.262
	103.852
	Singapore
	No
	GTS

	53
	Ko Mattaphon
	
	10.45
	99.25
	Thailand
	No
	

	54
	Ko Lak
	
	11.8
	99.817
	Thailand
	No
	

	55
	Ko Sichang
	
	13.15
	100.817
	Thailand
	No
	

	56
	BANG
	
	13.15
	100.817
	Thailand
	No
	

	57
	SMUI
	
	11.11
	99.5
	Thailand
	No
	

	58
	RNOD
	
	9.575
	100.06
	Thailand
	No
	

	59
	TEPA
	
	7.42
	100.46
	Thailand
	No
	

	60
	Qui Nhon
	
	13.775
	109.254
	Vietnam
	Yes
	

	61
	Vung Tau
	
	10.34
	107.071
	Vietnam
	Yes
	

	62
	Hon Dau
	
	20.667
	106.8
	Vietnam
	No
	

	63
	Hon Ngu
	
	18.8
	105.767
	Vietnam
	No
	

	64
	Son Tra
	
	16.1
	108.217
	Vietnam
	No
	

	65
	Con Co
	
	17.167
	107.367
	Vietnam
	No
	

	66
	Phu Qui
	
	10.517
	108.933
	Vietnam
	No
	

	67
	Phu Quoc
	
	10.217
	103.967
	Vietnam
	No
	

	68
	Tho Chu
	
	9.283
	103.467
	Vietnam
	No
	

	69
	Con Dao
	
	8.683
	106.6
	Vietnam
	No
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