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Preface

The goal of this manual is to provide PTWC employees and other appropriate parties with a foundation of understanding regarding the PTWC mission, operations, procedures, software and message products. 
This manual is not intended to present PTWC systems in fine detail. What it will provide is the requisite knowledge needed to operate PTWC operational software, understand PTWC procedures and understand why the methods used have been adopted within the broader context of the warning system. The manual does not include programming details, nor is does it contain all information required of a competent watchstander. However it should provide an understanding of the environment and the tools used in PTWC operations. Watchstanders can’t be programmed; they can only be trained and gain useful experience. This manual will assist in this process and serve as a reference for everyone else.

The manual was constructed with the idea that learning these systems might be easier if a “layered” approach was adopted. So initially the basic ingredients of the warning center environment and operations are introduced, and are discussed in progressively greater detail in later chapters.

Stuart Weinstein
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0. Background

A.  Tsunamis in Hawaii

The Hawaiian Islands are one of the most beautiful places on Earth, as well as one of the most remote. Unfortunately they are situated near the middle of the Pacific Basin which is surrounded by the so called “Ring of Fire”. The Ring of Fire is the popular press’s term for the many subduction zones that ring the Pacific Basin. Subduction zones are the locus of great earthquakes, volcanic activity and most of the world’s tsunamis. As a result of Hawaii’s central position in the Pacific Basin, it is in harm’s way for just about any ocean crossing tsunami generated in the Pacific.  Between 1946 and 1964 Hawaii was affected by 5 Pacific Ocean crossing tsunamis. The most lethal were the 1946 (Aleutians Earthquake) and 1960 (Great Chilean Earthquake) tsunamis that killed 159 and 60 people respectively, and caused extensive damage to Hilo Hawaii. The official tsunami warning system in the US began as a result of the 1946 tsunami.
Hawaii is itself seismically active and occasionally has earthquakes large enough to generate tsunamis. In the past 200 years for which there are records only two locally generated tsunamis have killed people, and both were generated by earthquakes on the Big Island, by far the most volcanically and seismically active of the Hawaiian islands. The largest earthquake for which there are records is the 1868 Kalapana earthquake. With a magnitude estimated to be in the high 7’s and possibly as large as 8.0, the Kalapana earthquake caused a massive landslide and tsunami. The tsunami killed 46 people. In 1975, this fault system became active again with the Halape earthquake. This earthquake measured about a 7.5 in magnitude and killed two people.

The Pacific Tsunami Warning Center must be able to provide warnings for both the local tsunami threat, and the tsunami threat posed by earthquakes on the Pacific rim. In the wake of the Sumatra disaster, the PTWC is for the time being, tasked with providing warning center capability to the Indian Ocean and the Caribbean.

B.  History

The era of tsunami warning began in the US with Prof. Jagger’s (who founded HVO) attempt to warn the Hilo harbormaster of the possibility of a tsunami generated by the 1923 Aleutian Islands earthquake. His warning was not taken seriously, and at least one fisherman was killed. Official tsunami warning capability in the US began in 1948 as a response to the 1946 tsunami that devastated Hilo. However, the Tsunami Warning System did not begin operations until 1949. Up until this time seismograms were recorded on film to be developed later. There had been little need for real time seismology at this time. With the advent of paper recorders for seismograms, the stage was set for real-time operations. The Federal Government already had a sizeable piece of property in Ewa Beach, acquired in the mid 20th century to house the Honolulu Magnetics Observatory. Therefore the Tsunami Warning Center was co-located with this facility. The Honolulu Magnetics Observatory still exists and is maintained by the staff of the PTWC.

The nations of the Pacific Basin decided to try and coordinate efforts to prevent loss of life due to destructive ocean crossing tsunamis in the aftermath of the 1960 Chilean earthquake (most powerful earthquake recorded with modern instruments) and resulting tsunami. The tsunami generated by the 1960 Chilean earthquake killed dozens in Hawaii and perhaps as many as two hundred people in Japan. However, these initial attempts at basin wide coordination did not bear fruit. The 1964 “Good Friday” Anchorage earthquake (2nd largest recorded with modern instruments) and resulting tsunami that caused extensive damage along parts of the west coast of North America, provided a reminder and the necessary impetus to develop a formal warning system in the Pacific. Under the auspices of the UN, the Intergovernmental Oceanographic Commission established the International Coordination Group for the Tsunami Warning System of the Pacific in 1968. The US offered the Ewa Beach center as the operational headquarters for the TWS of the Pacific, and the Pacific Tsunami Warning Center came to be.
On February 27, 2010, the largest Pacific Rim earthquake in 40 years occurred near Maule, Chile (Mw = 8.8) producing  potentially destructive waves as it propagated across the Pacific. This earthquake prompted a Pacific-Wide Watch/Warning and an evacuation of coastal areas of Hawaii. No injuries were reported in Hawaii. While the wave heights were not more than 1m, strong currents were generated in Kahului (Maui) and Hilo harbors. This was the first time PTWC issued a Pacific-Wide Watch/Warning during its 40+ years in existence.
Of course the damage in Chile was severe, with estimates well into the billions of dollars, and hundreds of people were killed (-600) by the tsunami and earthquake. The port of Talcahuano suffered bad damage, and PTWC watchstanders observed that the Talcahuano sea-level station was knocked offline by the tsunami
The Pacific basin was rocked again on 5:46 March 11, 2011 UTC by the Tohoku Japan earthquake. With an Mw of 9.1 (GCMT), it was about the same size as the Sumatra earthquake of 2004. Had it not been for Japan’s excellent tsunami preparedness the death toll might well have been similar to that caused by the Sumatra tsunami. Despite Japan having the world’s strongest (by far) tsunami hazard mitigation preparations, the death toll still exceeded 27,000 people. 
The impact of the Japan tsunami in Hawaii was much more severe than what occurred in the case of the Chile tsunami. An evacuation of Hawaii’s coastlines was ordered at 7:30 UTC (9:30 PM HST).  Inundations on the Kona coast of the Big Island exceeded 100m in many places and wave amplitudes up to three meters were recorded on several tide stations state-wide.  Houses were destroyed or carried out to sea. The harbor in Kihei Lagoon, Oahu, suffered severe damage; many boats and docks destroyed. Several Hotels in Kahului Maui and on the Kona coast suffered damage. Fortunately, due to the evacuation, the State of Hawaii suffered no fatalities.
C.  Area Of Responsibility

PTWC’s area of responsibility as of Dec. 25, 2004, is illustrated below. As you can see, PTWC’s area of responsibility was the whole of the Pacific Basin with the exception of the US West Coast, Alaska and British Columbia. Those areas are serviced by the West Coast/Alaska Tsunami Warning Center (WC/ATWC). The WC/ATWC is responsible for the Aleutian Islands out to 170E. The west boundary for PTWC’s AOR is the Philippine Trench. The small back-arc basins of the West Pacific, such as the Sea of Japan, Sea of Okhotsk etc. are not included. Tsunamis resulting from earthquakes in these areas are not expected to radiate into the Pacific Basin proper with destructive power. 
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In the aftermath of the 2004 Indian Ocean tsunami tragedy, the PTWC and the Japan Meteorological Agency (JMA) were asked to provide tsunami bulletins to the Indian Ocean, all the way to the west coast of Africa, until those services could be provided from within the region. PTWC is the primary Center for this service and JMA provides a supplemental role. Both agencies issue message products to the Indian Ocean, but JMA waits for PTWC’s message product and uses PTWC’s earthquake parameters. If PTWC doesn’t respond within 20 minutes, JMA will issue their bulletin independently using their own parameters. 

Similarly, the PTWC was asked to provide tsunami bulletins for the Caribbean until it could establish its own system.  The Caribbean has had many destructive local tsunamis in its history, and was struck by at least one Atlantic-wide tsunami.
As a result of these expansions, the PTWC AOR currently covers a sizeable portion of the planet. The WC/ATWC’s area of responsibility has also been expanded to include all US and Canadian coasts.
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The current map of the AOR’s of PTWC and WC/ATWC is given below:

D.  Basic Operations and Goals

The PTWC must be able to provide warnings for tsunamis generated by local earthquakes in Hawaii as well as those generated abroad. In the case of tsunamis generated in the Hawaiian islands, seconds can make the difference between life and death. Until March, 2006, PTWC dealt with this situation by having two watchstanders on site and on stand-by at all times. The chart below shows the previous nature of PTWC’s staffing:
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After the Sumatra Tsunami, changes were made at PTWC. Over the course of the following 18 months, PTWC increased the number of watchstanders to 12. In addition, PTWC now has at least one watchstander on duty in the operation center or close by at all times. This type of duty is called “shift work”. There are three shifts per day. This will be discussed further when the watchstander schedule is described. Another watchstander is on “stand-by”, and is not required to be physically in or near the operations center; however, the stand-by watchstander must be on the PTWC grounds. The current staffing of PTWC is described below:
The above requirement also means that the warning center systems themselves must be functioning 24x7.  No excuses, aside from an Act of God, can a situation occur in which we cannot detect earthquakes and issue our message products. 

The PTWC grounds currently have 5 residences. Four of the PTWC watchstanders live on site and fifth residence is used by the watchstanders that live off-site when they are on duty.

We cannot fail to warn. It is understood that NOAA’s tsunami warning centers use pre-determined conservative criteria, and that while we do our best to prevent unnecessary evacuations, we cannot claim such events can’t happen. On the other hand, failure to warn for a dangerous tsunami is not an option. That cannot happen. Ever.

PTWC functions on a day-to-day basis much as a seismological observatory does. We strive to do two things as fast as possible. These are locate any moderate sized earthquake or larger in our AOR, and assess its magnitude. Once that is accomplished, we can begin to assess any potential tsunami threat to the regions in our AOR. If the earthquake may pose a tsunami hazard, then the watchstanders look for evidence of tsunami activity using the extensive network of tide gauges at PTWC’s disposal. Do not assume these activities are cut and dried, or that the business of assessing potential tsunami hazard is as simple as a rulebook. It is not, and that is but one reason why trained scientists are needed and why the warning system can’t be automated.

Orientation

E.  Physical Layout

A map of the PTWC grounds is shown below:
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a. Quarters

PTWC has 5 residences on site. Currently the GIC and three other watchstanders live on site. The fifth residence is used by watchstanders that live off site when they are on duty. The occupants pay rent that is based on a survey of the rents in the Ewa area and the condition of the residence. NWS Facilities maintains the houses and contracts out repairs when necessary.

b. Operations (Main Office)

The warning center resides in the main office building, usually referred to as operations. This building houses the front desk, offices, a boardroom, an operations room and office cubicles in the back.

i. Front desk

The Front desk is by the main entrance to operations. The front desk has a sign in book, where all visitors are required to sign in. The Administrative Support Assistant’s (ASA’s) office is located behind the front desk. There is a storage cabinet and a security monitoring system across from the front. The video tape in the security system needs to be changed daily. The ASA’s office also contains the keys to all of the buildings on the PTWC compound, including the magnetics and seismic buildings as well as spare keys for all of the living quarters. Since they are used on a daily basis the magnetics/seismic building key is left on top of the storage cabinet.
ii. Xerox Room

The Xerox room is located just past the front desk and has storage closets and a Xerox. The storage closets contain stationery, mail supplies and other office supplies.

iii. Operations Room

The operations room is split in two. On one side we have the operations computers (6 Sun systems) where all of the digitized data is ingested into our systems and processed. On the other side is a large bank of communications equipment (modems, portmasters), the SkyCaster gateway, GPS clocks, as well as electronic equipment for digitizing analog data and alarms. All of the action takes place in the operations room.
iv. Offices

The GIC and watchstander offices are behind the operations room. The GIC has his own office. Everyone else has a cubicle. The restrooms are in this area. We also have a sink, a microwave and a coffee maker. While each cube has space for files, books and other materials, we can surely use much more. The GIC and watchstanders have a PC and many also have an older SUN that supports operations in a limited capacity for their personal use.

c. Annex (Modular Office Building)

The Annex was added to provide offices for the additional staff required in order for PTWC to go 24/7 operations where at least one watchstander is on duty in the operations room or nearby at all times.

The Annex has 6 offices, a bathroom, kitchenette, a conference room with a projection system and the PTWC library.

d. Electronics

The electrical shop (building 7) is located just behind the warning center. 

v. Offices

The electrical shop has three offices, two in the main room, and one in the back room. Each office is supplied with a PC. The main room contains plenty of work surfaces, tools and electrical equipment. The back room contains electrical equipment for testing tide gauge platforms, the vault and storage for documentation on our tide gauge platforms and various other pieces of equipment.
vi. Storage

The main room also houses a number of storage cabinets that contain a great variety of things including network and computer elements such as computer cables, switches, keyboards, terminators and more basic things like batteries. In addition this room also has a large number of mechanical and electrical tools and equipment. Please remember to return anything you borrow so the ET’s don’t have to waste time looking for it.
vii. Vault

The vault is located in the back room and is used to store spare or obsolete equipment that can still be used during a crises. The vault also houses the system backup tapes.  

viii. Garage

The garage houses a workbench, power tools, a fridge, a map cabinet and storage lockers. Everything but a vehicle.

ix. Power Room

The power room is to your right when you walk into building 7 through the entrance facing the trailer. The power room contains the UPS.

x. Generator

The generator room located in building 7 houses the circuit breakers. This room is to your right when you walk in past the refridgerator. Our generator is a diesel engine that supplies power in the event of a commercial power outage. The generator draws its fuel from a large tank located outside, adjacent to building 7’s parking lot. A contractor tests the generator once a month.

e. Trailer

The trailer is used for official PTWC guests and watchstanders. The trailer has a kitchen, bed, shower, and is air-conditioned.

f. Weather

As part of the weather service, the PTWC must do its bit in collecting meteorological data. A small weather station on site measures wind speed, temperatures, evaporation and rainfall. These data must be collected and transmitted daily to the NWS through ROSA, the NWS system that collects data over the phone. The weather station is situated just across from the trailer.

g. Magnetics

The PTWC maintains the Honolulu Magnetics Observatory, which is now over 100 years old. Obviously there have been some changes over that time. The Observatory occupies two buildings: Building 8 houses the actual magnetometer, and Building 9 houses communications and storage equipment for magnetic data. The data is actually transmitted to the mainland via a satellite uplink from Building 9. In addition, the data is recorded on a magnetic disk, and on a strip chart recorder. These need to be inspected at least once a day. An electrical technician (ET) will change the disk and strip chart paper as necessary. If the magnetics system appears to be malfunctioning contact numbers have been provided to obtain guidance.

h. Seismic Shed

The seismic shed (building 10) contains the onsite seismic instruments. Just inside the door is a now empty room that at one time housed Geoscope equipment, but is now mostly empty. Through the door in the back of this room is a hallway. To the right is a room that houses the Quanterra digitizer (Q730) and adjacent to that is a room that houses older long period mechanical seismometers and a modern electronic seismometer known as an STS-2. Seismometers show sensitivity to environmental conditions. Its not hi-tech, but we can regulate the temperature in that room by means of controlling the brightness of the solitary light bulb in that room. All doors should be kept closed, so as to minimize thermal variations. Going down the hall to the left is another room containing older short period seismic instruments.

i. Antenna Farm

PTWC has the dubious honor of housing several of the Satellite Dishes used by the NWS. Of course PTWC uses it share of dishes too.

F.  Operations Layout

In this section we will cover more details about the layout of operations.
The accompanying figure shows the physical layout of the operations room.

[image: image2.png]glal

)

holo
PTWer
Display

B2y “holo SBay kaku
PTWC  twseisr
SN sE0

WIS usouz  27soMHz

DSRYY  Soaiss  Soanis§

REDUNDANT OPERATION:

[

LOADI NG DOCKS

E

vy 1]

COMMS ROOM

P

=]
L]

w553y Kaipele 453y
B0  SUN-URO

oz el
Sowiss  Sdwisy  Dispay

PRIMARY OPERATIONS

=

i
PTwe
Display

Kalpele

HPaSA08

Gateguarg _Hpasaon

8 &

FAX TREMORS HP3700

55 |





j. Ops Computer Layout

The core of operations consists of 8 SUN computers. Two SUN computers serve as loading docks. All seismic waveform data and most of the parametric seismic data pass through the loading docks. Four SUNs are used to process the seismic data, sea-level data, and run other software such as travel time computations and messaging software. The PTWC operations are split into primary and redundant sides so as to avoid a single point of failure. 

PTWC operations has another type of split based on the operational users. PTWC has two basic operational users, ptwc and twseis. Obviously, it doesn’t make sense that we should each log into our operations computers with our own unique user name. Hopefully, this terminology doesn’t confuse you. We refer to the hosts kaiapele and holo as “PTWC” machines because they house the ptwc, ptwc-r operational users, and we refer to the hosts lulu and kaku as the “TWSEIS” machines because they house the “twseis, twseis-r” operational users. The “-r” refers to the redundant user. There is a third operational pair of users splert, splert-r that are housed on lulu and kaku. The splert users are home to the local seismic data processing software.

On the East side of the operations there is an equipment rack that contains communications equipment (modems, portmasters), the SkyCaster gateway, GPS clocks, as well as PC’s and alarms. There is a small communications room off to the SW side that contains routers, paging systems and hookups to dedicated phone lines.

k. Data Acquisition 

xi. Water level

Water level data flows to PTWC via several sources, and the display and collection of water level data takes place in different locations within the operations room. Near real time sea-level data is collected via a direct line from the Network Operations Center of NESDIS. This data originates from the coastal gauges and the DART Buoys, which transmit the data via Satellite. The data is gathered and displayed by Tide Tool that runs on the PTWC machines (kaiapele and holo). PTWC also receives real-time data from the PTWC local tide gauge network and the ATWC tide gauge network. ATWC sea-level data is ingested through the Earthworm system (which runs on the loading docks) and via FTP. The real-time data is currently displayed on the twseis machines (lulu and kaku) as these machines run software designed to display real-time data.

As a backup to the computer displays of real-time data, the PTWC local tide gauge data is also plotted on real-time chart recorders. PTWC also has a backup in case the GTS circuit fails. This is the daps_exp.exp process, which interrogates NESDIS’s DAPS computers and retrieves the data directly.

PTWC also maintains a few dialup tide gauges, called diallarcs. These gauges only dispense data upon request.

xii. Seismic

Local seismic data is transmitted to PTWC from Molokai, Maui and the Big Island via microwaves. Analog seismic signals are separated out of the microwave transmissions and digitized in the equipment rack. Data from the Kipapa seismometer (KIP) comes via a phone line connected to a modem in the equipment rack. Data from onsite instruments is ported along underground cables that run from the seismic shed to the operations room. This is all waveform data. HVO sends both waveform  and parametric data to PTWC. The waveform data is sent via the Earthworm system and is gathered on the loading docks. The parametric data (P-picks, hypocenters) is sent directly to the twseis machines via TCP sockets. The HVO computers that run the HVO picker and associater do not run Earthworm.

Teleseismic data is gathered using the Earthworm system from a variety of vendors (See the section on Earthworm) over the internet and dedicated lines. A dedicated line means that these data are not routed over the www, but come directly to us from NEIC,  ATWC and HVO over a dedicated circuits. Our main contributors of teleseismic data are NEIC, ASl, IRIS, GeoScience Australia, GeoSceince Canada, GNS New Zealand, GFZ, GeoScope and ATWC. All of the teleseismic data is received by the loading docks (ew, ewb). The data is then distributed to the twseis machines via TCP sockets.
l. Communications

xiii. HAWAS

The HAWAS (Hawaii Warning System) is basically a dedicated intercom for use by emergency agencies in Hawaii. PTWC uses the HAWAS to advise state warning points and civil defense of tsunami bulletins issued by the PTWC.

xiv. NAWAS

The NAWAS (National Warning System) is basically a dedicated intercom for use by emergency agencies in the US. PTWC only uses NAWAS when backing up the ATWC.

xv. NMC

A circuit that carries GTS (Global Telecommunications Service) products via socket-to-socket software from the National Weather Service Telecommunications Gateway. This circuit and is a two-way circuit. The NMC circuit carries weather products and tide gauge data. It also carries tsunami warning center message products. 

xvi. NWW

Two-way dedicated circuit of the NWS, the NWW is the NOAA Weather Wire. PTWC receives reports of weather conditions via the NWW and also uses it to disseminate PTWC message products.

xvii. AFTN

The AFTN (Aeronautical Fixed Telecommunications Network) is a two-way circuit that carries weather related and airport traffic conditions related information. Most airports around the world have an AFTN terminal. PTWC uses the AFTN to disseminate its message products. In addition PTWC may also receive parametric earthquake information from the AFTN.

xviii. 

xix. EMAIL

PTWC also makes extensive use of email to disseminate our message products. Our observatory messages, which are preliminary earthquake findings, are sent via AFTN and email. All bulletins are sent via email.

xx. FAX/TELEX

PTWC also makes use of faxes and telex to send our bulletins. The faxes are issued automatically from the ptwc machines, through the portmaster, to the modem. Currently MCI provides the fax service, hence the fax/telex messaging service is referred to as the MCI circuit.
xxi. Phones

PTWC also makes use of standard phone calls. We try to keep these to a minimum. When issuing bulletins PTWC will contact State Civil Defense, the Honolulu forecast office, COMNAVPAC and the ITIC. For large earthquakes in the Caribbean and Atlantic, PTWC will make phone calls to authorities in Puerto Rico. In the case where Indian Ocean bulletins are issued, phone calls are made to points of contact in the Indian Ocean.
m. Signs

The North wall by the primary operations has two message display boards. One shows the current earthquake parameters, the other shows the time and event status.
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The “monitoring” sign gives the status of the warning center. “Monitoring” is our normal mode of operations. When an event is detected, monitoring switches to “Alarm” and an alarm icon will appear in that window, along with the time elapsed since the event was detected. When an official bulletin is issued, an “envelope” icon appears and the time indicates the time elapsed since the message was sent. This is particularly useful, because during watch/warnings we are expected to send message products on an hourly basis.

G.    Computer Systems Walkthrough

n. Network Setup

 A diagram of our Network topology is shown below:
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 Our network topology is complicated, but not more complicated than necessary. This complexity results from our efforts to avoid a single point of failure.

The backbone of our network consists of two 48 port ProCurve switches with a third switch held in reserve in case of a failure. Our network is divided into several subnets. Operations computers and devices are on a separate subnet as are the office PC’s which operate are more vulnerable to viruses and hacks. PTWC has given the IRIS/USGS VSAT its own subnet within the PTWC LAN to facilitate the USGS’s ability to communicate with several remote sites in the Pacific. These broadband sites provide important seismic data to PTWC and the USGS. The Honolulu Geomagnetics Observatory which is maintained by the PTWC for the USGS is also given its own subnet. With the exception of the NEIC private WAN (Crestnet) and CTBTO traffic, all other traffic passes through the PTWC edge router. The ASA 5510 runs the PTWC firewall and governs communications between the subnets. 
The PDC router connects PTWC to the IDN (Inter-Island Data Network) over which we send/receive messages and data to/from civil defense and HVO. 
The CTBTO (Comprehensive test Ban Treaty Organization) router is a VPN router through which the PTWC receives data from the CTBTO.
A backup/alternate internet route is provided by RoadRunner. 

o. WAN Setup

The PTWC LAN is connected to the NWS WAN through NOAA-NET. This is our primary link to the internet. Our secondary link is provided by HughesNet, a satellite based ISP. The Hughesgateway address is 140.90.183.100. Connectivity through this gateway is monitored on the EWB system. 

p. Development

On our wish list is a computer we can use for purely developmental purposes.

q. TWSEIS

Our seismic processing part of operations is referred to as TWSEIS, and the seismic processing computers, lulu and kaku are referred to as twseis hosts; i.e., they host the twseis and splert operational users. Without going into details at this point, we will list some of the basic processes that are continuously running or run during events on the twseis hosts, lulu and kaku.

xxii. Sentinels

The sentinels are C-programs that display our real-time datastreams. Each twseis host runs several sentinels, each one displaying data from a particular region. For example, the Sentinel Localsent displays local (from within the Hawaiian islands) seismic waveform data. The Sentinels can also be used to examine the behavior of a datastream for the past 24 hours. The sentinels do have their limitations, such as not being able to zoom within a particular time frame. Such projects are on the to-do list. An example of a Sentinel lies below:
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xxiii. SPLERT

SPLERT stands for “System for Processing Local Earthquakes in Real Time”. SPLERT is our system for detecting and locating local earthquakes. Currently, SPLERT has a limited ability to automatically assign magnitudes, but these are for small earthquakes (M < 4.0).

xxiv. Earthworm

The Earthworm is a suite of software developed by the USGS for the purpose of distributing and processing seismic data. PTWC runs several “earthworms” and they form an integral part of our operations.

xxv. Tele-eq

Tele-eq is a pure Tcl/Tk script that reads the list of hypocenters churned out by the associator running as part of the Earthworm system. Clicking an entry on the Tele-eq GUI loads earthquake parameters into the COMF file (a mini database containing earthquake information) and the picks used to generate the location are loaded into the nqakfn.pick file that resides on the PTWC hosts. The nqakfn.pick file is used by nquake to refine locations.

xxvi. Local-eq

Local-eq is a pure Tcl/Tk script which is analogous to Tele-eq and reads the list of hypocenters churned out by SPLERT. Clicking an entry on the Local-eq GUI loads the earthquake parameters for the selected event into the COMF file.
xxvii. ComfED

ComfED is a GUI interface that allows one to manipulate the contents of the COMF file.

xxviii. Pick

Pick is a Tcl/Tk script that executes and displays the results of pickit which retrieves seismic data from the rings or seismic database files. Pick is used to manually pick P-wave arrival times. Pick can also be used to examine the datastreams in specific time intervals.
xxix. Picker
Picker is a seismic phase analysis program that displays auto-picks, predicted phase arrivals and allow for manual adjustment of picks and phase selection. Picker will display up to 24 minutes of continuous waveform. Picker is a more comprehensive tool than Pick.
xxx. DigitalAlarm

The DigitalAlarm processes continually monitor select datastreams for event detection. When two or more streams cross a short-term average/long term average (SLA/LTA) amplitude threshold within a certain time span, the digital alarm pages the watchstanders. The twseis hosts run 12 DigitalAlarm processes for different regions of the world. Digital Alarm also starts Picker.
xxxi. Realtide

Realtide is a GUI that we use to measure the arrival time, period and amplitude of water waves on our real-time water-level gauges. It is slated for replacement by a more versatile tool.
xxxii. Mag

Mag executes a suite of programs for the purposes of local earthquake magnitude estimation.

xxxiii. Mwp

Mwp is used to determine the long-period P wave moment magnitude for teleseisms.

xxxiv. BMAG

BMAG is started by the watchstander and is a graphical interface plus a calculation engine used to compute a broadband Mb designed by PTWC.

xxxv. SMAG

SMAG is started by the watchstander and is a graphical interface plus a calculation engine used to compute the traditional Richter magnitude Ms.

xxxvi. Mm

Mm is similar in appearance to SMAG, but is used to compute the Mantle Magnitude (Okal et al, 1989) using long period surface waves. Okal derived a simple relation between Mm and the moment magnitude Mw.

xxxvii. Theta

Theta is also similar in appearance to SMAG, but computes the energy ratio to diagnose slow earthquakes.

xxxviii. Measure

Measure is used to measure the amplitude of body waves on our local seismic instruments. It is used as a backup to measure Ml in the event programs like Mag are not functioning properly. Measure is also slated for replacement.

xxxix. Directory Structure of the TWSEIS Users
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r. PTWC

The sea-level processing and messaging functions are PTWC functions and execute on the PTWC machines. The PTWC machines are kaiapele and holo and they host the ptwc and ptwc-r users respectively. Listed below are some of the basic processes that run under the ptwc users on the ptwc hosts.

xl. Monitors

The primary desktop screen is the “Monitor” screen. This screen displays several monitors. These monitors are Tcl/Tk programs that show the communications between PTWC and various circuits. Currently, 3 comms circuits are continuously monitored. They are the FAA (AFTN), NMC (GTS) and NWW (NOAA Weather Wire) circuits.  The Tide Tool program can also be used to monitor the NMC circuit.
xli. Paging Systems

PTWC operates two paging systems to avoid a single point of failure. The pagers are treated like printers in the UNIX system; they have their own queue. Pager requests are actually sent through the portmaster where they are converted from TCP/IP to serial RS-232. The actual paging equipment is in the communications room.

xlii. Portservers

The Portserverss are network devices that receive either TCP/IP or serial communications from the LAN and forward these communications to the requested device. The device can be a dedicated circuit, modem, pager or other. The Portserver has an internal web interface that can be used for configuration..

xliii. Tide Tool
Tide Tool is a continuously running program that decodes sea-level data supplied by the NMC circuit. Tide Tool enables the watchstander to examine individual tide gauges and make amplitude, period and arrival time measurements of tsunami waves. 
xliv. One

“One” is a simple GUI on the “Monitor” desktop. One provides a quick way to start the execution of some commonly used programs. Just click on the appropriate entry, and the program is started. The watchstander can also access the COMF GUI through One.

xlv. Mozilla (Thunderbird, Firefox)
We use mozilla as a mail client and internet browser on the PTWC machines.

xlvi. TTT

“ttt” is a tsunami travel-time calculator. “ttt” produces an isochron map of travel-times and writes the estimated time of arrival of the leading edge of the tsunami waves to our distribution of tide gauges and warning points. “ttt” has now been extended to handle the Indian and Atlantic ocean basins as well.

xlvii. 
xlviii. LocSat

A program used to manually refine hypocenters based on the earthquake location program called locsat that is provided by IASPEI.

xlix. pacbul, hawaii, indbul and carrbul

pacbul, Hawaii, iobul and carbul comprise the suite of messaging programs needed by the watchstander.  These programs construct our message products for the Pacific Basin, State of Hawaii the Indian Ocean Basin and Puerto Rico, Virgin Islands respectively.

l. 

li. Run-up Detection

The “Runup Detect” desktop has the heartbeat monitor for all of the runup gauges on the Big Island.

lii. Alaska Backup

The “Alaska” desktop has the GUI for operating the Alaska 

Messaging software in case we need to back up the WC/ATWC.

liii. The COMF File

The COMF file (Communications File) is a flat ASCII file that contains the earthquake parameters included in the message products. COMF also contains a number of other parameters used by the messaging software and other programs in operations. A sample listing of the COMF file is given below:

            HEADER                                 day hr mn sc mo year

            GMT_TIME                                04 08 32 34 01 2006

            HST_TIME                                03 22 32 34 01 2006

             EQ_LONG                                            -112.22

              EQ_LAT                                              28.11

               DEPTH                                                033

            LOCATION  GULF OF CALIFORNIA                               

                 MS_                                                7.0

                 MB_                                                5.8

                 MWP                                               6.80

                 MW_                                                8.1

                 MM_                                                7.6

                 ML_                                                3.0

                 MP_                                                2.5

                 MAG                                               6.80

                NSTA                                                 52

                IOPL                                                  4

             BULL_NO                                                002

      HAWAII_BULL_NO                                                002

       CARIB_BULL_NO                                                002

      INDIAN_BULL_NO                                                004

                IDCS                                                021

           CP_SWITCH                                                  1

           NUM_STA                                                   12

As you can see, the COMF file contains a number of parameters, not all of which are earthquake parameters. COMF has a number of parameters used by the messaging software such as bulletin counters, message type ID (IOPL) and switches (CP_SWITCH, WATER_PAGING). Normally when PTWC software writes information to the COMF file, the information is written to both the primary and redundant sides of operations. However, when there are two events occurring at roughly the same time and require independent monitoring, information should not be shared between the two sides. Setting the CP_SWITCH to zero will short-circuit this behavior.

The watchstander should use ComfED to alter the contents of the COMF file and avoid editing the COMF file by hand. This can result in an inconsistent COMF file that in turn can result in bulletins with incorrect information. The watchstander can change any of these parameters through the ComfED and/or ONE GUI.

liv. Pick Map

Pick Map is a program based on the TkGeoMap extension. Pick Map shows all P-arrival detections, and hypocenter detrminations made in the past two hours. Pick Map will also show the propagation of the P-wave front in real-time associated with a new hypocenter.  Pick Map issues audible alerts when a picks or hypocenters are plotted. Pick Map is a valuable tool in alerting the watchstanders to near simultaneous earthquakes. PTWC runs two Pick Maps, one for teleseismic events and another for local events.
Pick Map is also used by LocSat to display the location of stations used in the current hypocenter determination.
lv. Station Status

Station Status is a program based on the TkGeoMap extension. Station Status shows the status of PTWC’s distribution of seismic instruments in a map based view. This is useful in helping watchstanders diagnose network outages and what digital larm regions would be affected.

H.  Watchstander Duties

The PTWC is mandated to have two watchstanders on duty at all times. Both watchstanders must wear two digital pagers at all times. It is the watchstander’s responsibility to make sure he/she is up to speed on all procedures. If the watchstander is unsure about any of these responsibilities, ask the Director. The watchstanders are restricted to the grounds of the PTWC and the stand-by watchstander must be able to answer an alarm within two minutes. If you need to go off the compound you must find a qualified watchstander to fill in during your absence.

s. Schedule

The PTWC Director creates the duty schedules. The Director will email the latest schedule to the duty personnel, as well as post them on the bulletin board. It is the watchstander’s responsibility to be mindful of the schedule.  It is also the responsibility of the watchstander to notify the Director if they request schedule changes. The Director appreciates it if such schedule changes aren’t requested at the last minute. The rules of scheduling are defined in the LOT minutes of Oct 5. and Nov. 10, 2010
A part of an actual duty schedule is shown below:

	Day
	 
	Date
	Shift
	CM
	RC
	SW
	BH
	VS
	GF
	SK
	NB
	VH
	DW
	BS
	DA
	LEAD

	Wed
	 
	04/26/06
	00-08
	T
	 
	 
	1
	 
	 
	 
	S
	 
	 
	 
	 
	BH

	 
	 
	 
	08-16
	T
	S
	2
	 
	 
	 
	 
	S
	 
	 
	 
	 
	SW

	 
	 
	 
	16-24
	T
	S
	S
	 
	 
	 
	 
	3
	 
	 
	 
	 
	SW

	Thu
	 
	04/27/06
	00-08
	T
	 
	S
	 
	1
	 
	 
	S
	 
	 
	O
	 
	SW

	 
	 
	 
	08-16
	T
	 
	2
	 
	 
	 
	 
	S
	 
	 
	O
	 
	SW

	 
	 
	 
	16-24
	T
	 
	S
	 
	 
	 
	 
	 
	3
	 
	O
	 
	SW

	Fri
	 
	04/28/06
	00-08
	T
	 
	S
	 
	1
	 
	 
	 
	S
	 
	O
	 
	SW

	 
	 
	 
	08-16
	T
	2
	T
	 
	 
	 
	 
	 
	S
	 
	O
	 
	RC

	 
	 
	 
	16-24
	T
	S
	T
	 
	 
	 
	 
	 
	3
	 
	O
	 
	RC

	Sat
	 
	04/29/06
	00-08
	T
	S
	T
	 
	 
	1
	 
	 
	S
	 
	O
	 
	RC

	 
	 
	 
	08-16
	T
	2
	T
	 
	 
	 
	 
	 
	S
	 
	O
	 
	RC

	 
	 
	 
	16-24
	T
	S
	T
	 
	 
	 
	 
	 
	3
	 
	O
	 
	RC


CM = Director, RC =  Cessaro, BH = Hirshorn, SW = Weinstein, etc.
S =  Standby Duty
1,2,3 = Shift work.
T = Travel or Leave.
O = A day that the Watchstander requested not to be ever changed to a watch standing duty day.

t. Shift Watchstander

The shift watchstander has the lion’s share of the responsibilities. They include:

lvi. Chores

The GIC has created a checklist of chores to be performed by the primary watchstander. These include, collecting the weather data, checking the magnetometer data, checking the calibration of the long period seismometer, checking the message circuits etc. The checklist can be found in the Watchstander binder in Ops. These chores are to be done three times a day i.e., at the beginning of each shift. All problems are to be noted in the comments column part of the checklist sheet as well as any fixes that were made.

lvii. Event Folder

The Shift Watchstander is also responsible for collecting the printouts for all events that required the issuing of an official message product and placing them in an event folder. The printouts include data produced by all of the analysis software, communications and detection software.

lviii. Watchstander Phone

The Shift Watchstander is also required to enable the Watchstander phone to ring for the unlisted, Alaska and State Civil Defense numbers. The Primary Watchstander should be the one to answer these rings during evening hours.

u. Standby Watchstander

The responsibility of the Standby Watchstander is to assist the Shift Watchstander on event alarms in analyzing the earthquake and sea-level data, and in making a decision as to what action is required. The Standby should also activate the phone rings in their residence as well, to back up the Primary.

v. Lead Watchstander
The Lead Watchstander can be either the standby or shift watchstander. The Lead Watchstander has the final say as to whether or not an official message product is to be issued. Decisions such as these should be arrived at with the consent of both watchstanders. However, should there remain a disagreement, and the GIC or TWSO are available, they should be consulted (local alarm excepted). If the GIC is not available, or the event is a local earthquake, the Lead has the final say. The Lead is also responsible for making sure messages are sent and that the event folder which contains records created during the event is created and has all necessary information i.e., results of analysis software, digital alarm records, copies of the observatory message and bulletins, and a record of voice communications over the HAWAS and phone calls made to other warning centers and agencies.
w. Public Service

The Watchstanders may also be required to make presentations to visiting officials, foreign and domestic, visiting scientists and students. The Watchstanders are also expected to answer the media’s questions regarding events and our operations. Interviews may be conducted in person or over the phone. Interviews may also be conducted live. Watchstanders should be mindful of who their audience is, and tailor their remarks or presentations to meet the audiences’ needs. Please familiarize yourself with our presentation materials on the PC in the conference room. Learning Power Point will also help. Remember to always emphasize basic tsunami safety to your audience.

In addition to making presentations and interviews, the watchstanders are also required to give tours of the facility and answer questions regarding our systems.

Giving presentations and tours is perhaps the most fun aspect of your job. And, do not underestimate its importance. This is an opportunity to educate and show tax dollars hard at work.

x. Training

The watchstanders are also required to participate in the training of new watchstanders. Watchstanders should answer all questions and show patience. Our systems are complex, and they can’t be fathomed right away.

1.  Overview of Systems

This section provides a more detailed view of the processes fundamental to our operations. These include Local and Teleseismic data processing, sea-level data processing, tsunami travel time and wave height forecasting and message dissemination.

I.  Teleseismic Processing Systems

y. Data Vendors and Data Ingestion

In an effort to avoid huge losses in data resulting from an outage in a single network, we receive seismic data from several different vendors. Our suppliers for teleseismic waveform data are NEIC (National Earthquake Information Center), ASL (Albuquerque Seismic Laboratory), ATWC (Alaska Tsunami Warning Center), IRIS/IDA, USGS Menlo Park, Cal. Tech, University of Washington, and UPRM (University of Puerto Rico, Mayaguez), GeoScience Australia, GeoScience Canada, GEOSCOPE (France), CTBTO, and GFZ (Germany).
Teleseismic waveform data flows to PTWC via two basic routes. One route is over NOAA-NET, and the other via our RoadRunner (a private ISP) link. As far as programming is concerned, these differing routes can be treated the same. They have no differences as far as TCP/IP is concerned. Dedicated lines have a guaranteed bandwidth and are separate from the WWW (RoadRunner). Data flowing through dedicated lines should make fewer hops than data flowing over the WWW resulting in less latency. Furthermore, data flowing along dedicated paths are not as susceptible to WWW outages. It is true that dedicated lines do sometimes fail, however in this case NOAA has responsibility for it. NOAA has a service contract and such outages are usually fixed rapidly. Internet problems outside of the NOAA-NET can sometimes take a while to resolve themselves. The RoadRunner link has proven to be very robust.
The watchstanders can keep tabs on our data ingestion in at least two ways by viewing the station-status monitors and local- and tele-data latency monitors, found in the LOCAL MON and PTWC MON respectively, desktops on the loading docks. These latter two monitors are very simple; they simply note the time elapsed since the last packet was received when the monitor made its check. In the case of the teleseismic data monitor, the monitor checks every two minutes. Because the local data should arrive much more frequently, the local data monitor checks the local data latency every 20 secs. These programs will be discussed in more detail in the Seismic Processing section.
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In addition to waveform data, PTWC also receives “parametric” data. Parametric data consists of earthquake hypocenter parameters, magnitude estimates, P wave arrival times, etc. ATWC and PTWC exchange hypocenter data over the dedicated and WWW paths.

The USGS Earthworm system software governs the ingestion and exchange of data with other. The Earthworm system is comprised of a number of modules that communicate with data rings stored in memory. Earthworm runs on the loading docks where data is gathered and exported. The Earthworm system will be discussed in great detail later.

z. Earthquake Detection and Location Algorithms

The DigitalAlarm processes monitor select data streams (those that are reliable, quiet etc.) for seismic events and executes as a TWSEIS process on the TWSEIS hosts. When the DigitalAlarm process detects an event, it sends a page to the watchstanders. More details about DigitalAlarm will be described later.

Our earthquake location related processes are distributed. Out of convenience, teleseismic pickers run on the loading docks and the Earthworm system ships the picks to an Earthworm system running on the TWSEIS hosts. The teleseismic picker was written by Paul Whitmore and is based on the Veith picker. An associater called loc_wcatwc also runs within the Earthworm system on the TWSEIS hosts, and analyzes the picks sent to find if they are causal, and what epicenter is most consistent with pick information provided. The picker and associater are complex pieces of software. The associater also assigns  preliminary magnitudes  for the earthquake.

A process called sniffring examines the hypocenters and magnitudes determined by the associater and if the threshold is greater than 5.7, the watchstanders are paged. In addition, there is a process called hypo_print running within the loading dock Earthworms that examine hypocenters sent to us from ATWC. If the magnitude is greater than 5.7, the watchstanders are also paged. Even for a small event, we typically receive a dozen or more pages.

aa. Magnitude Estimation Algorithms

We currently use five main methods to estimate magnitudes at PWTC. Each of these methods yields a different type of magnitude. Earthquake magnitudes are not a simple measurement, and there are complexities and pitfalls involved. The five methods are the Ml, Mwp, Ms, Mb, and Mm methods.

lix. Mwp Method

The Mwp method was developed by Kenji Tsuboi. This method was originally developed for deep earthquakes. In the case of deep earthquakes, seismic waves experience less attenuation. Double integrating the velocity seismogram with respect to time yields an approximation to the source time function of the earthquake. Looking at the first peak in the distribution resulting from the integration, gives an estimate of the seismic moment. Suboi extended this method to shallow earthquakes. However, in this case the connection to theory is not as straight forward. Suboi found that with an empirical correction made to the results, satisfactory results can be obtained.

The Mwp method has two primary advantages. It is fast because it uses P-waves. It is also much less prone to saturation than the tradiational Ms method. These properties make it valuable tool for the warning system. 

Mwp as implemented at PTWC uses the first 100 seconds of the P-wave coda. No deconvolution is required; the results are simply scaled by a calibration factor assuming that the instrument response function is flat in the frequency band of interest.  More information on Mwp can be found in Section 4.D.a.
lx. Ms Method

The Ms method is the traditional Richter method developed by Richter and is based on the amplitude of the 20s surface wave. This venerable method has been a staple of magnitude estimation for decades. However, this method is susceptible to saturation effects as the magnitude reaches the high 7’s. For that reason, seismologists turned to Mw in an effort to overcome the effects of saturation. Ms was originally the standard-bearer magnitude for the tunami warning system. However, it has been replaced by Mwp and Mm. Mwp, being based on P-waves is arrived at much faster than Ms which is based on the much slower traveling surface waves.

PTWC’s implementation of Ms is not out of the ordinary. A window of 14 minutes is used. The data is band-passed filtered between 14 and 23 seconds, and the magnitude is determined from the largest trough to peak excursion found in this time window. During the first 4 minutes, the maximum trough to peak excursion is computed and saved as a measure of noise in this frequency band. The remaining ten minutes is devoted exclusively to the computation of Ms. As soon as Rayleigh waves are detected, a magnitude is computed and a signal to noise ratio is given. The S/N ratio is simply the trough to peak excursion used for the Ms divided by the max trough to peak obtained in the first 4 minutes. Our experience is that when S/N is greater than 6, the results are reliable. 

Although Ms is no longer used as the basis for issuing bulletins, it is still useful, and is helpful in diagnosing deep earthquakes. Deep earthquakes do not excite large surface waves. Hence a large Mwp vs. Ms discrepancy may be a strong indication that the hypocenter is deep. More discussion about Ms and how it is implemented and present in operations can be found in section 4.D.b.
lxi. Mb Method
The Mb or body wave magnitude was developed initially by Richter and is based on the largest P-waves found in the first few seconds of coda. The PTWC Mb is adapted to broadband seismometers and is different from more traditional implementations. Many implementations (such as used by the USGS) convert the broadband record into a synthetic Wood-Anderson record (WWSSN) and then compute Mb.
Mb looks at 90s window of seismic data starting 30s before the expected P-wave arrival. The entire window is then band-pass filtered between .2Hz and 3Hz. The S/N ratio is simply the ratio of the largest peak-to-peak amplitudes found after the P-wave arrival to that found in the 30s prior to the P-wave arrival.

Mb will saturate at lower magnitudes than Ms and hence it is of limited use for great earthquakes. However, unlike Ms, Mb is not so affected by depth and Mb is useful for determining the magnitude of moderate earthquakes that occur as aftershocks of much larger earthquakes. If Mb > Ms, that is a strong indication that the earthquake has a deep focus.
lxii. Mm Method

Emile Okal and J. Talandier developed the Mm method in 1988. This work was inspired by the need to develop a magnitude method that would not suffer the saturation problem of Ms. Not only does Ms saturate as the magnitude becomes large (> high 7’s) but slow earthquakes can cause Ms to be seriously deficient. Mm, being a variable period magnitude method overcomes these limitations. By computing Mm over a suite of periods ranging from 50 to 270s, Mm is less sensitive to earthquake slowness or saturation then Ms, particularly at the longest periods. The correct way to sample the suite of Mm’s produced for a single event ( > 1000 ) to arrive at the Mw is discussed later in this manual. One can also consult Weinstein and Okal (2005) for more information.

Mm is more complicated than the other methods as it uses deconvolution. This can cause problems with deconvolution noise at low magnitudes, where the amplification of noise by the deconvolution process at long periods may result in spurious magnitudes. Thus Mm works best with very long period broadbands such as the KS54000’s, KS36000’s and STS-1’s. STS-2’s tend to do well, however, the CMG’s tend to behave poorly at the longest periods. All of these difficulties are taken into account by our implementation of Mm. However, Mm is generally not reliable below Mw=6.0.

Our Mm implementation is executed by “Mm”. Easy to remember, yes? The Mm GUI display is similar to the display used for SMAG. Its shows the status/and or result for each station. In the case of the Mm GUI, for each station, the maximum Mm()  is displayed, along with the corresponding Mw and the  at which the maximum Mm was found. That is, is the station still waiting for data, does it have completed data, did the waveform have a gap, etc. On the bottom there is summary line that shows the overall results. The Mm implementation will be discussed in more detail later.

lxiii. Wphase Method

The Wphase method was developed by Hiroo Kanamori and Luis Rivera in 2007. The Wphase, so called because of its “W” appearance on seismograms is the superposition of a few Rayleigh wave modes and travels with a speed inbetween that of P and S-waves.  Kanamori and Rivera developed a technique where the Wphase can be inverted to find the CMT (Centroid Moment Tensor Solution)  and hence the moment magnitude Mw of the earthquake. The Wphase method gives good results for the Sumatra 2004 earthquake and will not saturate in the case of slow earthquakes. The CMT calculated by the Wphase method is used to drive PTWC’s real-time tsunami wave-height forecast model, RIFT.
J.  Local Seismic Processing 

See Section 5. for a description of PTWC’s local seismic processing system (SPLERT).
K.  Sea-Level Processing and Tsunami Detection

NOAA’s tsunami warning centers rely on an extensive network of sea-level tide gauges in the Pacific. Several members of ITSU have contributed many man-hours and funds in developing coastal sea-level gauge networks and making the data available to the warning centers. A map showing the current distribution of sea-level gauges (both coastal and DART) in the Pacific and the agencies that installed and maintain them is shown below:
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Similarly the PTWC, NOS also maintain a network of coastal gauges in the Hawaiian Islands to help the tsunami warning system detect local tsunamis here in Hawaii. This network is augmented by the run-up gauges discussed in section a, and in chapter 6. The local network is illustrated below:
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The sea-level network in the Indian Ocean isn’t quite as developed as the network in the Pacific. However, it is far more developed than it was as of Dec. 26, 2004 when only 4 gauges were reporting over GTS in near real time. The UHSLC and GFZ have been upgrading GLOSS sea-level station sites in the Indian Ocean over the past few years. The upgraded sites transmit either every 12 or 15 minutes with a one minute sample rate. The current distribution of stations reporting to PTWC is shown below:
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Dart Buoy positions are shown by the red symbols. The other symbols show the positions of coastal tide gauges.
ab. Data Vendors and Ingestion

There are several organizations that contribute to the sea-level network of the Pacific. Of these, the largest contributors are NOS, PTWC, UHSLC, SHOA (Chile), NTC (Australia), and JMA (Japan). With the exception of PTWC gauges in Hawaii and ATWC gauges in Alaska, the data comes to us in near real time. The PTWC and ATWC maintain gauges in Hawaii and Alaska that feed the warning centers with real time data.
lxiv. Near Real-Time Data (NMC and NESDIS)

At the time of the Dec. 26 Sumatra earthquake, most sea-level stations transmitted their data only once an hour, some only once every three hours with sampling rates that ranged from one sample every six minutes to one sample per minute, depending on the station. However, over the past four years, a large number of stations have been upgraded or added, that have much more frequent transmissions. There are now a number of stations that transmit as frequently as every 5 minutes or less. New stations deployed by the NTC transmit data every three minutes. NOS has nearly completed upgrading their sea-level stations so that they report every 6 minutes with a sample rate of one sample per minute. The result of more frequent transmissions is less latency in determining whether or not a tsunami was generated. 

The data is transmitted via satellite (for gauges in the Pacific GOESE or GOESW) downloaded at Wallops and are sent from the NWSTG to PTWC via a socket-to-socket connection. This replaces the low bandwidth dedicated circuit over which PTWC used to receive sea-level messages. Each station is normally given its own unique ID called the platform ID which is an eight digit number doled out by NESDIS. In addition each transmission is given a header. The header is not unique; different platform ID’s may come in under the same header. Usually the header reflects the location from where the transmission is coming from. 

Some stations are forwarded to Wallops via JMA. This includes data from the Northwest Pacific and the Indian Ocean. JMA also sends us data from several sea-level stations in Japan all in the same transmission. Some of this data doesn’t actually have a platform ID, but in these cases the header is unique, so each station can still be unambiguously identified as the data is received.

lxv. Real-Time Sea-Level Data

The PTWC maintains several real-time sea-level gauges. All but one of these gauges are located on the Big Island, with the exception, station KPA, being located on Molokai. This data comes to PTWC via microwave transmissions and is digitized and brought into our operations through the Earthworm system. The ATWC has something similar. Currently the ATWC is exporting four sea-level stations to us either through the earthworm. ATWC’s sea-level data is shipped with a one sample per 15 sec. sample rate.

lxvi. Run-up Data

One of the newest technologies we use is the run-up gauge invented by Dan Walker of the University of Hawaii. The run-up gauge is situated inland and approximately 20” inches off of the ground. The sensor faces the ground, and when the coastal area where the gauge resides is flooded, the run-up gauge sends a signal to PTWC.

ac. Sea-Level Processing

The near-real time data that arrives via the socket-to-socket is logged in a file and is read by a program called Tide Tool. Tide Tool is a complex piece of software that reads the log file, decodes the data, displays the data and allows the user to make sea-level measurements, zoom in on important features and log sea-level measurements to be used by the messaging software. Tide Tool and The TSI interface run and live on the PTWC machines, kaiapele and holo

The real-time data that comes through the Earthworm system is displayed on the water-level sentinel, and can be analyzed with the program Realtide.  However, RealTide is also being phased out of operations during the summer of 2009, as Tide Tool communicates with DataServer to retrieve the real-time data as well.
L. Tsunami Travel Time and Wave Height Forecasting

Computation of tsunami travel times is a fairly straight forward calculation in which one assumes that the tsunami propagates at the long wave speed. The long wave speed is given by (gH)^1/2, and hence one can transform a bathymetry map to a long wave speed map. Using the geometric optics approximation, one can then compute travel times via wave tracing. There are several ways to do this, and you can find examples in the published literature. Tsunami wave height forecasting is a different beastie altogether, and requires a hydrodynamical simulation. This problem is extremely difficult from a computational point of view. Not only must the flow be solved over multiple scales, but also the boundary conditions along the coasts are complex.
Tsunami travel times are computed before any Watch/Warning bulletins are issued. The predicted tsunami arrival times for all warning points are placed in the bulletins so that our clients will know approximately how much time they have to take action, should action be required. Tsunami wave height forecasts are not included in our bulletins; for now they are a tool to be primarily used in conjunction with the DART deep ocean pressure sensors to make forecasts for Hawaii.

ad. GEOWARE Travel Time Tool and Travel Time Database

The primary method PTWC uses for the computation of tsunaki travel times is the GEOWARE traveltime program called ttt64. This software was developed by Paul Wessel at the U. of  Hawaii.  This method can be invoked from the One GUI or LocSat. This is a real-time calculation that only takes a few seconds. HTML versions of the travel time charts are generated for tide stations and warning points and a browser automatically pops up with this information.

ae. Whitmore and Kowalik Model (EARTHVU)

Far-field tsunami amplitude predictions can be made using the Model/Results option in the EARTHVU program.  These predictions are based on pre-computed tsunami models scaled by observed sea level data.  Over 200 models were computed during the summer of 2002 at the West Coast/Alaska Tsunami Warning Center.  Maximum amplitudes (zero-to-peak in meters) were saved at 99 places along the coasts of Alaska, British Columbia, Washington, Oregon, California, Hawaii, and at the 6 DART buoys. EARTHVU has a clickable GUI and a Model/Results menu. This is a helpful and simple to use model.

af. SIFT Model

The SIFT Model is based on similar ideas to the EARTHVU model, but has a few differences under the hood. SIFT also uses pre-computed tsunami models, however, these calculations are more detailed and there is more flexibility in the choice of computations that can be used to compute a prediction. However, more complexity comes with the added flexibility. SIFT is still very much a work in progress, but should be operational at PTWC by the late Spring.

M.  Message Products and Dissemination

The message products is the PTWC’s primary reason for existence. PTWC issues both unofficial and official message products. The only unofficial message product we issue is the observatory message. We generally issue this message for any earthquake Mw > 5.7 which triggers our alarms. The official message products range in severity from information bulletins to the most grave message product we issue, the Pacific-wide watch/warning bulletin.  What is meant by a watch or a warning? Areas that are within three hours tsunami travel time from the current position of the leading edge of the tsunami waves are considered to be in a warning. Areas that are between 3 and 6 hours tsunami travel time are said to be in a watch. 

Our message products are sent through several different circuits including emails. Ultimately our messages may be received by hundreds of points downstream. Our communications pathways to our clients are checked with a communications test conducted monthly.  The comms plan can be found online on the ptwc machines. Look in the Mozilla bookmarks under “operations”.

A description of the various message products follows below. In section b. you will find watch-stander crib sheets detailing PTWC’s messaging procedures. Study them carefully.

ag. Message Products

lxvii. Pacific Earthquakes Outside Hawaii

The following chart provides a visual summary of the criteria used to determine which of our official messaging products are to be issued.
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We will now proceed to discuss our message products in more detail.

Observatory (Earthquake) Message – Unofficial message product sent to select seismological observatories and organizations. This message contains only the earthquake location, origin time, depth, magnitude along with the number of stations used in computing the magnitude and P, pP arrival times. These messages contain no evaluations with respect to seismic or tsunami hazard.

 Tsunami Information Bulletin (TIB) – Official message product issued for any  earthquake in or near the vicinity of the Pacific that has 6.5 <= Mw <= 7.5. The TIB has several options, which we will review later on. TIB’s contain the earthquake location, origin time, magnitude and Flynn-Engdahl region name. TIB’s state that a destructive tsunami is not expected outside the area of the epicenter. However, it does warn of the possibility of a tsunami along coastlines near the epicenter. The TIB is usually the only message issued for earthquakes in this magnitude range, unless other data become available that warrants issuing a supplemental TIB (observation of small tsunami waves) or a message of greater severity (larger earthquake magnitude than initially thought or the observation of dangerous tsunami waves).

There are several types of TIB’s with different language in the body of the message depending on whether or not the quake is shallow or deep, inland or outside the Pacific Basin.

Fixed Regional Warning Bulletin – Official message product issued for shallow underwater earthquakes that have magnitudes in the range 7.6 <= Mw <= 7.8. This product gives the same earthquake information as the TIB as well as a section of tsunami travel times and a section describing which countries are in a watch or warning. Before issuing any type of watch/warning message, the tsunami travel-times must be computed. This bulletin warns of the possibility of regionally destructive tsunamis within 1000km of the epicenter. This is also the only message to be issued in this magnitude range unless other data becomes available that warrants issuing a bulletin of more severity.

Expanding Watch/Warning Bulletin – Official message product of grave severity issued for shallow underwater earthquakes where Mw > 7.8. Similar to the fixed watch/warning with the exception that this bulletins warns of the possibility of Pacific Basin-wide destructive tsunamis. Unlike the Fixed watch/warning, the expanding watch/warning is not the only message to be issued for the event. In this case the situation is carefully monitored by the PTWC, and supplemental bulletins are issued at least once an hour. The supplemental bulletins may contain observations of sea-level fluctuations or updated seismic information. In the event that no destructive tsunami was observed, the PTWC will issue a Watch/Warning Cancellation and the Pacific region can stand down. If there are observations of destructive waves moving across the Pacific Basin, the PTWC will upgrade to the most severe message, the Pacific-Wide Watch/Warning. PTWC will monitor the situation until tsunami activity ceases to be dangerous. Supplemental bulletins will be issued during this period.

The reason this bulletin is termed “expanding”, is that watch/warning regions move across the Pacific as time progresses. This is because the watch/warning areas are defined in reference to the leading edge of the tsunami waves at the time the bulletin is issued. Areas that were only under an advisory at the start of the event, may eventually be put in a watch and then a warning as time progresses.

The next group of bulletins is issued to the State of Hawaii for large teleseismic earthquakes.

Tsunami Information Statement – Issued for any earthquake in the Pacific where Mw >= 6.5 and no warning is in effect for any part of the Pacific Basin

Tsunami Advisory – Issued to the State of Hawaii for shallow, under water earthquakes for which a tsunami warning bulletin has been issued to the Pacific Basin and the tsunami travel time is greater than 6 hours. However, if the latitude of the epicenter is north of 35N, Hawaii will automatically be put in a watch regardless of tsunami travel time to Hawaii. This bulletin advises Hawaii of a large earthquake in the Pacific basin for which a warning has been issued. These advisories are issued at least once an hour, until a cancellation is issued for the Pacific Basin, or destructive tsunami activity is observed or the travel time decreases to 3 hours, in which case a warning message is issued to Hawaii.

A Tsunami Advisory is also issued to the State of Hawaii whenever the WC/ATWC issues a warning for their AOR and the tsunami travel time is less than 6 hours. In this case an Advisory may be issued for an earthquake with Mw > 7.0, which is less restrictive than the case where the earthquake occurs outside the WC/ATWC AOR.

Tsunami Watch – Issued to the State of Hawaii for shallow, under sea earthquakes in the range Mw > 7.8 and the tsunami travel time is between 3 and 6 hours. Tsunami Watch Supplement Bulletins are issued every hour until either the Watch/Warning for the Pacific is canceled or Hawaii is within three hours travel time of the tsunami at which time a Tsunami Warning is issued to the State of Hawaii. If the Watch/Warning for the Pacific is canceled, a Tsunami Watch Cancellation bulletin is issued.

Tsunami Warning – Issued to the State of Hawaii for shallow, under sea earthquakes in the range Mw > 7.8 and for which the tsunami travel time is from 0 to 3 hours. Once this bulletin is issued Hawaii State Civil defense will sound the tsunami sirens and commence an evacuation of Hawaii’s coastal areas. Supplemental Tsunami Warning Bulletins will be issued until tsunami activity in the Hawaii Islands is no longer dangerous. A Tsunami Warning Cancellation is issued in the event no destructive tsunami activity is observed or tsunami activity decreases to non-destructive levels.

lxviii. State of Hawaii

Local Tsunami Information Statement – Issued for any earthquake in the State of Hawaii for 4.0 < Mw <= 6.8. However, local TIB’s have been issued for smaller earthquakes that occur in places where they may be widely felt. Discretion can be used here. The local TIB contains the earthquake location, origin time and magnitude and a Hawaii geographical point of reference. This bulletin also informs the recipients that no destructive tsunami is expected.

Local Tsunami Warning – This bulletin is issued for any earthquake in the State of Hawaii for Mw >= 6.9. This is the most severe local bulletin. Hawaii State Civil Defense will sound the tsunami sirens. Depending on the location of the quake, only select counties in the state may be placed in a warning. Initially only the county in which the earthquake occurred and bordering counties are placed in a warning. For example if the earthquake occurred on Maui, then Molokai, Maui and Hawaii counties are placed in a warning. If the earthquake occurred on Hawaii Island, then only Hawaii and Maui counties are placed in a warning. In the case where Mw > 7.5, the entire state could be placed in a warning as long as the earthquake is not on the Southeast coast of the Big Island.

There are circumstances in which a local urgent warning may be issued for earthquakes where Mw <= 6.8, or even if no earthquake was detected at all. A local urgent warning can be issued under these circumstances if the Hawaii run-up gauges detect tsunami inundation. Small earthquakes still have the ability to generate landslides, and these could result in destructive tsunamis. Because of this possibility, PTWC has additional criteria for issuing a warning when the run-up gauges detect inundation. Furthermore, the criteria depend on where the hypocenter is and its depth. 

The GUI shown below is posted on the desktop right next to the runup detector monitor. This GUI shows how our criteria vary with location and depth of the hypocenter. Each of the figures associated with the GUI can also be found in the watchstander procedure summary sheet folder. In this case the last map button was pushed, and the bulletin criteria for when runup gauges trigger and small earthquakes occur on the Big Island are shown. In fact a warning may be called on the basis of runup triggers and sea-level observations alone. This mitigates against tsunamis caused by slumps, bench collapses and other normally non-seismic phenomena. The bottom part shows the locations of the runup gauges. In the figure below we have selected the “No EQ” button.
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Note how the bulletin criteria change if one or more of the coastal runup detectors (CRD) detect flooding. If one of the northern most and southern most CRD’s indicate flooding, and sea-level stations show a sea-level rise of more than 3m, the State of Hawaii should be placed in a warning, even if no earthquake is detected.

For the Southwest Coast of the Big Island, the criteria are different.
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In this case the watchstander needs to be cognizant of the sea-level reports from the NOS coastal tide gauges as well as PTWC’s real-time sea-level gauges. 
In this case the State of Hawaii will be placed in a warning if one of the Northern and Southern CRD’s on the Kona Coast detect flooding (CRD locations omitted from figure).

For earthquakes elsewhere in the State we have:
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In these cases depth is a factor. However, if the watchstander is not sure of depth, then the watchstander is to assume it is shallow. The entire State is to be placed in a warning if the earthquake magnitude >=7.6.

The last scenario is the case in which no earthquake is detected but there is evidence of potentially destructive tsunami waves.
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In this case, the bulletin criteria only involve detections from the CRD’s and coastal sea-level gauge reports (either PTWC’s or NOS’s).

More than one warning can be issued. If destructive tsunami waves are observed to be sweeping across the State of Hawaii, the initial warning could be upgraded to place the whole state in a warning if it is not already in one.

Local Warning Cancellation – This bulletin is issued when destructive tsunami waves have failed to materialize or are no longer destructive.

lxix. Indian Ocean

As a result of the horrible devastation wrought by the Sumatra tsunami, PTWC has been asked to expand its AOR to include the Indian Ocean Basin. However, because PTWC does not have access to an extensive tide gauge network in the Indian Ocean, we cannot confirm the existence or non-existence of destructive tsunami waves in the Indian ocean. Therefore we have no basis on which to cancel or continue a warning issued to the Indian Ocean. Until this situation is rectified we will be issuing only TIB’s and watches of varying severity to our clients in the Indian Ocean Basin.

Tsunami Information Bulletin – Issued for shallow water earthquakes in the Indian Ocean Basin where 6.5 <= Mw <=7.0. Gives the same information as the Pacific version and states that a destructive Indian Ocean wide destructive tsunami is not expected, but destructive tsunami activity is possible near the epicenter of the earthquake. 

Local Tsunami Watch Bulletin – Issued for shallow under water earthquakes in the Indian Ocean Basin where 7.0 < Mw <= 7.5. This bulletin warns of destructive tsunami activity near the epicenter and suggests authorities in those areas take appropriate actions.


Regional Tsunami Watch Bulletin – Issued for shallow, under water earthquakes in the Indian Ocean Basin where 7.5 < Mw <= 7.8. This bulletin warns of the possibility of destructive tsunami activity as far away as 1000km from the epicenter. Tsunami travel times must be calculated before issuing this message. This bulletin contains a section in which all nations within 1000km of the epicenter are placed in a watch. It is suggested that authorities in those nations take appropriate actions.

Basin-Wide Tsunami Watch Bulletin – Issued for shallow, under water earthquakes in the Indian Ocean Basin where Mw > 7.8. This bulletin warns of the possibility of a basin-wide destructive tsunami. Tsunami travel times must be calculated before this message is issued. The message contains tsunami travel times to all warning points in the Indian Ocean basin. Authorities in the Indian Ocean basin are advised to take appropriate actions.

lxx. Caribbean and Atlantic Oceans

For large earthquakes (Mw >= 6.0) in the Caribbean and Atlantic Oceans (south of 23.5N) the PTWC will issue Tsunami Information Statements and Tsunami Watch messages of varying severity to the Caribbean. The WC/ATWC will now issue bulletins to Puerto Rico and the US Virgin Islands. PTWC does not issue formal warnings to this region due to a lack of sea-level assets. These message products are similar to those issued to the Indian Ocean region.

Tsunami Information Statement – Issued for shallow water earthquakes in the Caribbean and Atlantic when the following criteria are met:

1. Earthquake is in the Caribbean and 6.0 <= Mw <=7.0. 

2. Earthquake is in the Atlantic and 6.5 <= Mw <=7.8

3. Earthquake is in the Caribbean or Atlantic but deep or inland.

This bulletin gives the same information as the Pacific TIB and states that a destructive Atlantic/Caribbean Ocean wide destructive tsunami is not expected, but destructive tsunami activity is possible near the epicenter of the earthquake. 

Local Tsunami Watch Bulletin – Issued for shallow under water earthquakes in the Caribbean Ocean Basin where 7.0 < Mw <= 7.5. This bulletin warns of destructive tsunami activity near the epicenter and suggests authorities in those areas take appropriate actions.


Regional Tsunami Watch Bulletin – Issued for shallow, under water earthquakes in the Caribbean Ocean Basin where 7.5 < Mw <= 7.8. Warns of the possibility of destructive tsunami activity as far away as 1000km from the epicenter. Tsunami travel times must be calculated before issuing this message. This bulletin contains a section in which all nations within 1000km of the epicenter are placed in a watch. It is suggested that authorities in those nations take appropriate actions.

Basin-Wide Tsunami Watch Bulletin – Issued for shallow, under water earthquakes in the Caribbean/Atlantic Ocean Basin where Mw > 7.8. This bulletin warns of the possibility of a basin-wide destructive tsunami. Tsunami travel times must be calculated before this message is issued. The message contains tsunami travel times to all warning points in the Caribbean Ocean basin. Authorities in the Caribbean Ocean basin are advised to take appropriate actions.

The various options will be discussed later in section 8.E.
ah. Watchstander Procedure Summary Sheets
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Pacific Bulletin OnlyFor earthquakes with M>7.5, in the South 

China Sea, Sulu Sea or Celebes Sea, pacbulhas particular options 

for each of these regions when issuing a warning. For these regions if 

M<=7.5 issue Pacific TIB using “Outside Pacific Basin”option.

For Sea of Japan,Sea of Okhotsk, East China Sea, issue 

Pacific TIB using Outside Pacific Basin option

NOTE #1: Do use some discretion. For example, if the earthquake is 

on the West side of the Kurils, a potentially destructive tsunami could 

be generated in the Pacific Basin proper.

NOTE #2: The southern part of the Sea of Okhotsk actually falls 

under JMA'sAOR, in which case we need to use JMA'sparameters. 

So be mindful of the AOR region for earthquakes in this area.

NOTE #3: Coral Sea is treated as inside the Pacific Basin because a 

number of countries can be affected, Australia, New Zealand, 

Solomons, Vanuatu etc. For our purposes, the borders of the West 

Pacific Basin are Eastern Austtralia, then north and along the northern 

coast of Papua, continuing along the coasts of the Philippines, the 

Ryukyu Islands, east coast of Taiwan, Japan and finally up through 

the Kurilsand Kamchtaka. See figure overleaf.

Indian Ocean Bulletin OnlyFor Ceram Sea, Banda Sea, and 

Arafura Sea, issue an Indian Ocean bulletin only. 

MolluccaSea. It does seem possible that a large earthquake >=8.5 

could pose a hazard to the Palau Islands and possibly Japan due to 

tsunami focusing. So we need to think about this one a little more. For 

now I suggest we issue an Indian Ocean bulletin only unless M>8.0 in 

which case both Indian and Pacific bulletins should be issued. --SAW 

Nov. 2010
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ai. Graphical Explanation of The Expanding Tsunami Regional Warning

The sequence of figures below illustrates how the watch and warning areas, superimposed on a tsunami travel-time map, change through time. Figure A. below shows the geographical extent of the watch (yellow) and warning (orange + red) areas 30 minutes after an earthquake that occurred off the coast of Irian Jaya. The red area indicates the region that could be experiencing tsunami waves if a tsunami was generated, while the orange area indicates the region that is in a warning but currently beyond the reach of any possible tsunami waves. Figures B and C show how these areas change over the course of two hours. The watch area (yellow) is always three hours tsunami travel time wide, however, the warning area (orange + red) continues to grow.

Figure A.                                                              Figure B.
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                                                      Figure C.
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aj. Messaging Pathways Descriptions

PTWC utilizes several communication pathways. These include email, dedicated circuits, voice messages, faxes, etc. The pathways are illustrated in the diagram below:
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These pathways include text messages sent via dedicated circuit, by fax, email, or even relayed by phone. Local tsunami bulletins are communicated only through email over the IDN, through the NWW and by voice over the HAWAS phone and ordinary phone calls.

ak. Communications Plan

The communications plan is a database containing all of the PTWC’s points of contact for each client. This database is in HTML format and can be viewed with an internet browser. Each point of contact has its own web page. And each page of the communications plan, or comm-plan for short, has the location and a globe showing the contact point in geographical context. The page also contains information on all of the messaging methods used in disseminating our bulletins for that contact point, as well as relevant phone numbers and the names of relevant organizations.

N.  Basic Alarm Procedures

This section will briefly discuss the fundamental procedures you should use during an alarm. The procedures and guidelines given below are not exhaustive, and more details will be given later. Here we try to give you an introduction to the basic steps and decisions one makes during an alarm.

al. Tele-seismic Events

Our alarm procedures all have one thing in common: Figure out where the earthquake is and how big it is as quickly and accurately as possible. We also try to determine the depth of the hypocenter. This can be done on the basis of P-picks, pP-picks or based on location. If the epicenter is located in a region where the preponderance of historical seismicity is deep, it is likely that the current earthquake is too. If you can’t tell, then assume it is shallow until you’re sure it is not.

For large enough earthquakes, the first pages come from the digital alarms. Digital alarms are software that examines select seismic data streams for larger than normal excursions. If two or more such anomalies are detected within a given time period, an earthquake is assumed and a page is sent to the watchstanders. In this circumstance it is not uncommon to arrive in the operations room, and still not have a location from the associater. This could be because not enough picks have been made by the picker. You can of course use Pick and nquake to obtain a solution. If the associater did obtain a solution, it will appear in the Tele-eq GUI. Clicking on the UPDATE button in the Tele-eq GUI will bring up the latest results from the associater. If you find a location for the current event, clicking on that event loads the location into the COMF file. It also copies the picks used in constructing the location to the nqakfn.pick file on the ptwc machines. If nquake is run with the –P option, nquake will find a solution using those picks. In addition to paging the watchstanders, the wneic process is started. This process logs into the NEIC NSN computers (VAXs) and loads the most recent earthquakes associated by the NEIC associater into the WNEIC GUI. If you find an event listed that appears to be the event that set off the pages, click on it, and the wneic process will download NEIC’s picks and run nquake using NEIC’s picks. You can always add the picks you make manually, or obtained from the associater into the mix with nquake.

Once you have the location, you can execute mwp, a program that requires watchstander attention, to find the P-wave moment magnitude Mwp. Once you have enough Mwp’s to convince yourself the magnitude is reasonably well determined, you can then send out the observatory message. At this point, it is a good idea to start the Mm and SMAG programs. These require little attention from the watchstander and compute the Moment magnitude based on long period surface waves and the classical Richter surface wave magnitude.

If at this point, the earthquake magnitude is not >= 6.5, nothing further is required. If it is in the lower 6’s, it may be prudent to keep examining the magnitude in case magnitude estimates from further away stations bring the average up to the 6.5 threshold. This does happen occasionally. If the magnitude is >= 6.5 then you must coordinate with the ATWC. Typically they will agree to use our parameters, if our parameters are similar. Discrepancies need to be resolved. Sometimes we will average our results and go with that. Make sure the right earthquake information is in the COMF file. The plasma display shows the current contents of the COMF. You can now send out official information products. You can accomplish this either through the nquake or One GUI’s.

If the earthquake occurred in the Indian Ocean and the magnitude is >= 6.5, you must issue the Indian Ocean bulletin first (using indbull), and then the Pacific bulletin.

am. Local Seismic Events

In the case of a local alarm, the procedures are simpler. Which is good because speed is of the essence. When your pager goes off (and it is a local alarm), and you come inside the operations center the first thing you should do, is look at the local sentinel. If the earthquake is seen on seismic traces throughout the Hawaiian Islands, the next thing you should do is go out with a heads-up message over the HAWAS phone. This voice message simply informs state civil defense that an earthquake has occurred and that PTWC is investigating it. 

The next step is to gather the information on the earthquake that the SPLERT system has determined. The SPLERT system will locate a local earthquake on the Big Island in 30 seconds or less. These locations can be found in the local-eq.tcl GUI. Clicking on one of the locations loads the basic earthquake information into the COMF file. These parameters will appear on the earthquake message display sign. Next step is to compute magnitude. Execute the program “mag”. This will pop-up a window showing the Ml magnitudes obtained for the local broadbands like HON, KIP and KHU, STC, UXL on the Big Island. Pay attention to the signal to noise levels, for if they are small, the magnitude may be spurious. In addition, there will be a pop-up window using Mwp for the broadbands as well. The Mwp magnitude is expected to perform better for the very large events say Mw > 6.0.

If you read the heads-up message over the HAWAS, you must follow it up with a bulletin. For earthquakes with magnitudes <= 6.8, you must issue a local TIB, unless information from sea-level gauges and CRDs suggest otherwise. If greater than a 6.8, you need to issue an urgent Watch/Warning for at least part of the state of Hawaii. Read the messages over the HAWAS as calmly as possible; there is no point in freaking out.  

an. Procedures for backing up ATWC

If for some reason, ATWC is unable to discharge their responsibilities, we must be able to back them up and issue their messages to their respective clients. The ATWC messaging software runs in a virtual Windows machine and is accessible in the “Alaska” workspace on the ptwc machines. Click the icon with the Alaska outline, and that will start the ATWC messaging procedure. You will be presented with a GUI that has 3 options, “Software Test”, “Comm Test”, “For Real!”.The software test option tests the ability of our system to retrieve messages generated by Alaska’s software. The “Comm Test” sends a test message generated by ATWC’s messaging software to ATWC’s clients.  “For Real!” is what it implies, sends actual ATWC bulletins to ATWC’s clients.

When either of these options are clicked, a pop-up GUI will appear, telling you to click on it after you have executed ATWC’s messaging software. Go to the virtual machine and click on the ATWC message shortcut. Then click on the appropriate message. ATWC’s messaging software will generate some activity and then quit when finished generating the messages. At this point click the “Acknowledge Button” on the pop-up GUI, and you will be given a chance to review the bulletin. If there are no errors, you can click on “OK” when asked to send the message. 

If the earthquake is in ATWC’s AOR, you must send the ATWC bulletin first, before issuing a bulletin to the PTWC AOR. You must remember to check that ATWC’s messages have gone out over the circuits.

O. Operations Signs and Plasma Display
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Operations message board notes: There are four signs now active in operations as depicted below:

The current software communicates with these signs using both portmasters. The primary 

portmasterhandles signs B & C, our time clocks, on a single port. The redundant portmaster

handles D, the elapsed time sign.

START UP:

To start up the plasma display (A above) just log out and log back in as user ptwc with same 

password as forshow(pc below screen on floor).  More details on folowingpage.

To start up the clocks, if they are not running. On kaiapele, as ptwc, do this

START.dualtime

To start elapsed time monitor (D above), if it is not already running. On holoas ptwc-r, do this:

START.signtimer



Execute 

resetsign

to reset the signtimersoftware from the

one

menu.

Run 

signdemo

to run the sign through its paces.

Sign     

Sign     

Sign     

Sign     
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Portmaster
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Portmaster
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Sign     

Sign     
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ttyr2  
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CONNECTIONS:

A

B C

B

C

D



[image: image39.emf]R. Cessaro c:\mydocuments\projects\sign\signNotes.ppt6/13/2003

Power outage reprogram steps: Sat 10/31 12:00Z

Sat 10/31 12:00Z

Sat 10/31 10:00P

Sat 10/31 10:00P

monitoring. . . . .

monitoring. . . . .

GMT

HST



Time

D

A

To perform a power up reset, you will need to find a 

ProliteDisplay Remote

(we have 3 

of these). Also, signs B and C have different IDs (above) so that they may be driven from the

same port. You may only program one sign at a time, so be sure to cover up the IR optics, 

with opaque tape for the signs not to be reprogrammed. The optics are.located on the upper

left of each sign. Start reprogramming by selecting the 

ESC

key. Next select 

S

(for set). Then

(

ENTER

) through options until you reach baud rate. Select 9600 by pressing the up or down

arrow key. Select the ID, if required (again using the up/down arrow key). Finally, select

Rn

(for run) and Page?A. It is usually a good idea to reset the port (from the portmaster

window and restart the dualtimeprogram (

START.dualtime

) on the 

ptwc

machine.

No power up re-program required. Hard reboot will restore plasma screen. Click on lock icon

to start screensaver (plasma display)

A

B

This sign’s reset sequence is the same as for B and C above.  Reset the port (from the portmaster

window and restart the signtimerprogram (

START.signtimer

) on the 

ptwc-r

machine.

ID 1

ID 2

C

ID 1

B

C

D
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When any official bulletin is issued (Mw > 6.5) the plasma display goes into tsunami travel-time mode as illustrated below:
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The warning, watch and affected areas are color coded and the locations and sea-level station locations and code names are plotted in the expanded view on the right hand side. This display has a great deal of information on it and the watchstanders need to study the format and familiarize themselves with this display. To put the plasma display into Watch/Warning mode the watchstander should choose a location, a magnitude greater than 7.5 and update the COMF file to reflect those choices.

The plasma display will toggle between the “local” view and the “global” view shown below:
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2. Seismic Data Handling and Processing

P.  Overall Architecture

This section presents the basics of how seismic data is imported into PTWC operations, how it is processed, where the results go and how the data is archived. Subsequent chapters will describe the details of how the teleseismic data and local seismic data are processed.
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All waveform data is collected on the loading docks before it is passed to the seismic processing computers lulu and kaku. The loading docks run two types of data-ring management software, Earthworm and DataServer. The Earthworm system brings in the data from our vendors through a number of import modules. Export modules called “ertm” (earthworm real-time manager) transfer the data from the Earthworm system to the data-ring managed by DataServer. The DataServer data-ring is topologically more like a cylinder, where each slice of the cylinder is a data-ring for a particular data stream. The contents of the DataServer running on the loading dock are transferred to the DataServer running on the processing (twseis, splert) hosts via the crtm processes. The crtm program has two functions: 1) transfer data, 2) archive the data in CSS format. Most of our applications, like Mwp, Mm, SMAG etc., connect to the DataServer to retrieve data for analysis.

Within the earthworms running on the loading docks, we have P-wave pickers and modules that import hypocenters determined by ATWC. This parametric information is transferred to the processing hosts via earthworm modules and does not go through DataServer.

SPLERT is a combination of Earthworm modules and Erlybrd which was also developed by the USGS. SPLERT is PTWC’s automated local earthquake locater and preliminary magnitude assessor. SPLERT will be discussed in detail in Chapter 5. The processing hosts also run an Earthworm that contains the Whitmore Associater and modules that import hypocenters from other earthquake observatories. SPLERT also uses parametric data streams that come directly to the seismic processing machines without involvement of the loading docks. An example is the ISAIAH pick stream from HVO.

 The reason for the two data management systems (Earthworm and DataServer) is part legacy, part philosophy. The legacy part, is that we were running DataServer long before Earthworm was brought to PTWC in the summer of ’99. At the time, we decided to use DataServer as a “front-end” to the Earthworm system. This way we would be inoculated against changes in earthworm module interfaces, something we would have no control over. Another reason for keeping DataServer is that Earthworm currently does not write files in CSS format. The crtm processes that communicate with DataServer do. Furthermore, the Earthworm rings are not data-rings; they are message rings. This means that analysis programs running off of the Earthworm rings must be continuously buffering data. Hence, it is difficult to go back in time and reanalyze data, as those messages may have expired from the ring. And finally, the C-API for connecting to the DataServer is very simple to use.

In addition to the teleseismic waveform data, much of the parametric data flows to the PTWC via the USGS Earthworm system. The Earthworm is a suite of software packages designed to facilitate the transfer and analysis of seismic data in real time. The PTWC also receives data locally from a few broadbands (POHA, MIDW, PTCN, JOHN and WAKE) via VSAT. However, even these data are imported into the Earthworm system. The Earthworm software runs on the loading docks EW, EWB. 

We receive teleseismic data from several vendors via the Earthworm system. These vendors include NEIC, ASL, IDA, ATWC, Univ. Washington, USGS Menlo and Cal. Tech. We also ingest data from vendors abroad like GeoScience Australia, GNS New Zealand and GeoScience Canada. The data from these vendors come to PTWC via dedicated lines or the internet (RoadRunner). Dedicated lines look like internet to the Earthworm; they use the same protocols, however the traffic they carry does not mix with other internet traffic. The dedicated line we use is part of the NOAA private WAN known as OpsNet. This has replaced CrestNet.  Some vendors like NEIC supply data over both internet and OpsNet.. Again, we strive for redundancy. OpsNet is generally robust and if there are any issues NOAA-NET support should be contacted. The internet traffic is of course at the mercy of the internet, although this link too, is very reliable. 
The Earthworm system also collects our local seismic data as well. The PTWC seismic network relays data from seismometers distributed throughout the Hawaiian Islands via OpsNet and RoadRunner. PTWC has converted nearly all of its analog systems to digital. Since 2006 PTWC has installed a local network with a backbone of  12 STS-2 broadband seismometers. Besides the data from PTWC’s local seismic network, PTWC also receives both waveform and parametric information from HVO. HVO is our only vendor for local seismic data (besides us). HVO data comes to the PTWC via the RoadRunner, a dedicated T-1 line between PTWC and HVO. This link is a remnant of CrestNet. The PDC-link had previously provided redundancy, however, this was replaced by RoadRunner. The PDC-link is still used to carry email and other traffic to the IDN Basically, the PDC is a network for the Hawaiian Islands and contains the IDN (Inter-island Data Network ) and is used by HCD and other emergency managers. I think this network came about so that HCD could have access to PDC disaster products. In the future, our RoadRunner connection may be replaced by the MAN (Metropolitan Area Network) now available in Hawaii.
Given that we have fundamentally different data pathways, OpsNet vs. RoadRunner, we have assigned the EW loading dock to receive the OpsNet data and the EWB loading to receive the RoadRunner data. This has proven to be useful division of labor.  PTWC now has a third loading dock, courtesy of the USGS which runs the USGS Edge CWB (Common Wave Buffer) system. The Edge handles the RoadRunner export from NEIC, which includs seismic array data. The Edge retrieves this data from NEIC and broadcasts it on our earthworm subnet where it is retrieved by the other loading docks, Ew and EWB. The Edge also retrieves the IRIS data downloaded via the IRIS VSAT on PTWC grounds and ships that data back to NEIC. The loading docks via the Earthworm system also share some data with each other. This is because some vendors will only give PTWC one datastream. 

In any event the proceeding paragraphs give an idea from where the data comes from and the complexity involved in obtaining it. We will defer describing that complexity until Chapter 4.
Q.  Earthworm System

The Earthworm is at its heart a message creation, passing and storage system that utilizes shared memory segments and TCP/IP. The messages are of various types, including waveform data types, parametric data types, heartbeats and alarm signal types of various kinds. The shared memory segments are data rings or circular queues that act as message storage rings. The message storage rings or data rings for short, can be of any size within the principle limitation of system resources. Another limitation is that their size in Kb or Mb must be a multiple of two.

Each Earthworm message contains four basic things, a LOGO, a timestamp, a sequence number and a data payload. The LOGO which can be thought of as an identifier is itself comprised of three entities. These are the installation ID, module ID and message type. The data ring management software keeps track of the messages. When Earthworm was first created, it was thought that the LOGO trinity would give enough uniqueness. However, for complicated uses of the Earthworm software, and PTWC's application is complex, it is not unique enough. We will discuss how this situation occurs and how it is circumvented later. For the present, it is enough for you to know that Earthworm modules create and place messages in data rings and identify them with a LOGO and a sequence number. The modules use the sequence numbers stamped on each message for each LOGO to prevent the re-reading of messages and to determine if messages (hence data) were lost.

The modules come in basic types as well. You have import, export, analysis and data ring management modules. The import modules make TCP/IP connections to other Earthworm data vendors (export modules) and place those messages on the data ring specified in the parameters files. Export modules read messages from the data ring and export them to clients (import modules) running Earthworm systems.  Analysis modules like P-wave pickers etc. read messages from the modules and unpack the data-payloads. The export modules require the specification of a unique port and the IP address of the host on which the export is running. Each import module requires the specification of the IP address of the host on which the export module runs and the port number on which the export is listening. The analysis modules tend to be home grown modules by the various earthworm users and are shared software. The data ring management software is contained in a “master control” program called the stopstart program.  In addition to looking after the rings, it oversees the other modules. If any of the modules croak, startstop will attempt to restart them. 

To my knowledge, messages are never actively deleted from the rings. They simply age. Basically their lifetime depends on the size of the ring and on how busy it is. This is important to remember because if you underestimate the activity of a ring and make it too small, the modules that read messages on the rings may not be able to read the messages before they are discarded. You can think of the ring as a circular tube sliced up into a number of compartments. The data ring management software simply maintains a pointer to the compartment that is to receive the next message. Any message that was already in that compartment is overwritten, and replaced with the newest message. Hence, if the ring is too small, messages can get clobbered before modules get a chance to read them. This results in the "circular queue lapped" and "messages lost" warnings in the startstop window.

R.  SPLERT (Seismic Processing and Location of Earthquakes in Real Time)

S. See section 5.
T.  DataServer

DataServer is a java program which maintains data-rings for each seismic waveform data stream. DataServer interacts with other programs (applications and data import programs like crtm) via TCP/IP connections. Both commands and data are sent to the DataServer via TCP/IP.  DataServer recognizes a suite of commands; from commands that ask DataServer which clients are connected to it, to commands that make specific data requests.  The C-API for DataServer is simple to use, and packages the commands issued by the client in TCP/IP and forwards them to the DataServer.

With respect to data streams, the client can request either all streams, or just one stream. Either way DataServer passes a structure containing the data to the client. Subsequent calls to DataServer for the same data stream will return only data that has arrived since the last call. 

There is an auxiliary program called ServerTable which provides a glimpse of all DataStreams being administered by DataServer. ServerTable will indicate how many samples exists for a given stream, the time of the last sample etc.  

DataServer is started by issuing the command “DataServer  start”.
U.  Data Archiving

All waveform data is written to disk by the crtm processes. The waveform data is written in CSS format. Archiving is done daily at 3:45 PM HST. At this time the archiving program “ARCEM” wakes up on nene and archives the previous day’s data using the data files in /data/seis/daq. To store the data, we use a VXA-320 drive (attached to akala) that writes to EXABYTE tapes that have a 160GB native capacity. The VXA drives perform hardware compression which allow us a practical capacity of nearly 320GB. That translates into 35 days of data per tape at current. Expect that number to decrease as we acquire more data.

ARCEM is a sophisticated csh script that does the archiving and maintains a database of all tape archives generated. The database directory has two sub-directories; volids and wfdiscs. Each time a new tape is used, an entry is made in the volids directory in the form xxx.volmed where xxx is the tape #.  If you have the tape number, the contents of these file will tell you what data dates exist on that archive. The wfdiscs directory contains the wfdisc file for every day that was archived by ARCEM.

 You can find this database and the ARCEM script in $MAIN_PATH/database, $MAIN_PATH/scripts. To retrieve data from an archive tape, you can use INSTALL.archive, also found in $MAIN_PATH/script.

3. Teleseismic Processing

V.  
W. Earthworm Fundamentals

OK, now for the Earthworm nitty gritty. As mentioned in the previous chapter, the Earthworm system consists of data rings and a number of modules that place and/or read messages of various kinds on/from the data rings. Here we will describe the Earthworm configurations on the loading docks.
We have two earthworm systems that act as loading docks of seismic data for the PTWC LAN. From these systems, data and other messages are exported to the twseis machines for processing. We have two basic routes by which we get data, dedicated lines and the internet. It is in fact a bit more complicated than that for local data. For now, we will restrict the discussion to teleseismic data. The “primary” loading dock “ew” is assigned the task of importing and exporting data primarily through dedicated lines that are part of the NEIC private WAN. The secondary loading dock “ewb” is assigned the task of exporting and importing data over internet links. Both loading docks are bi-homed hosts with two NIC cards. One card is given an IP on the PTWC LAN, and the other card is given an IP on the NEIC private LAN, which is a subset of the NEIC WAN. IP’s for this private WAN must be obtained in advance from the USGS Earthworm group. The components of the NEIC private LAN at PTWC are connected to the PTWC LAN through two switches. We have split up the digitizers and loading docks on different switches to avoid single points of failure. IP forwarding is disabled on both loading docks so they cannot function as routers. The loading docks are SUN U60’s with dual SPARC 450Mhz processor and 2GB of RAM. The loading docks use the SOL9 operating system, and version 6.2 of the earthworm software. PTWC is currently migrating version 7.x. A diagram of how the loading docks interact with the Earthworm subnet and the PTWC LAN is shown below:
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When all data vendors are reporting then each loading dock should have the same information available. However, each loading dock receives some data that the other may not. The loading docks then export this group to its counterpart. That way, when all vendors are operating, both loading docks have the fullest complement of data possible. Exports and imports between the loading docks are performed over the Earthworm subnet. This keeps the PTWC LAN unfettered by traffic it does not require. 

For local data, and local data is defined as data gathered from seismometers maintained by the PTWC and by the HVO, there are also two  routes by which data can be collected. These are a dedicated line between PTWC and HVO (formerly part of CrestNet), and the PTWC RoadRunner connection. The primary loading dock “ew” imports HVO data over the dedicated line between HVO and PTWC. 
The Antelope system acquires data from PTWC’s local seismic network and forwards that data to the loading docks. The loading dock “ewb” imports HVO data over the RoadRunner connection. 

The user who owns all of the earthworm system is the user “earthworm” which is a member of the group “ew”. The home directory of the earthworm user is /home/earthworm and that directory is the root directory of the earthworm system.  The configuration files and logs live in the directories ~earthworm/runx.y/params, ~earthworm/runx.y/log. x.y is the earthworm version which is currently 6.2. The earthworm source files, libraries, executables live in ~earthworm/vx.y. The 7.x version of earthworm exists in /home/earthworm/v7.2 and the setup files are found in /home/earthworm/v7.2/params.
ao. Earthworm Setup

The Earthworm running on the CRESTNET side (EW) uses 8 data rings:

WAVE_RING_DED 1024

PICK_RING     256

WAVE_RING_DEC 1024

WAVE_RING_HVO 1024

WAVE_RING_HB   128

WAVE_RING_EXP  512
WAVE_RING_BRD 2048
ALARM_RING  256

The number on the right is the size of the ring in Kb. WAVE_RING_DED is the primary reception ring for teleseismic data. Imports that use the Earthworm to gather data from NEIC, MENLO, and ATWC via OpsNet and place the data messages in this ring. Local data gathered from PTWC's seismic network and that of HVO's via the dedicated T-1 are imported to the WAVE_RING_HVO ring. Because some of the data comes to us at higher sample rate than needed for storage or analysis it is decimated to a more manageable sample rate by a decimate module. WAVE_RING_DEC is the ring which accepts the decimated data messages from the decimate modules. WAVE_RING_BRD receives all of the data obtained by from the Edge system via the coax2ring module. The PICK_RING accepts pick time messages from the pickers. The ring 
WAVE_RING_HB receives heart beat messages from the digitizer. A heartbeat detect module reads these messages. If more than 90 seconds elapse with no heartbeat detection, the watchstanders are paged. 
Data that is to be exported is placed into the WAVE_RING_EXP ring and the exports fetch messages from that ring and make it available to our clients, like NEIC, ATWC, as well as the other earthworm system (EWB) and the twseis machines. The ALARM_RING ring is used solely as a buffer by the telesiesmic picker.

All earthworm modules have at least two kinds of parameter files. Each module has a ".d" file and a ".desc" file. The ".d" files contain values of the basic parameters the module needs. Most importantly, they contain the module name and the rings that the module needs to have access to. Other parameters include the IP address and port numbers needed for TCP/IP communication, a heartbeat string and interval, and a socket timeout interval. Basically, all modules have the above information. Without it, the earthworm system doesn't know what to do with it. Other parameters are module specific, such as what data files to read, data types to process etc. Each module also writes to a log file found in the ~earthworm/runx.y/log directory. The name of the log is basically the name of the module, the module ID number and date stamp combined. The .desc file has a few other parameters. The string “restartMe” must be uncommented if you wish starstop to restart your process if it dies. The variable “tsec” specifies how long starstop should wait before restarting the module if it dies, and how many times it should try to restart it before giving up. The statmgr.d file should have a listing of all .desc files. This allows the statmgr to keep track of what messages come from which module.

 If the modules are having problems, such as trouble connecting with a server or client elsewhere, the log file will tell you if a connection has been made/not made, and if a connection has been lost, when it was lost, as well as recording attempts to re-establish the connection.

The biggest pain with Earthworm is managing all of the files. So it behooves you to give them descriptive names. Naming your module .d file mod_one.d will not cut it. You should be able to tell by looking at a .d file name, where the data is going and what type of data is being processed. This is good earthworm practice. Failure to do this will result in wastes of time and utter frustration.

Earthworm also has four files that are read by startstop. These are the earthworm.d, earthworm_global.d, earthworm_inst.d and startstop_sol.d files. The earthworm.d files contains the ring ID's (usually a number between 1000 and 1050) and the module ID's (number from 1 to 999) for each ring and module instance that is to be utilized and run. The earthworm_global.d file contains things like message type ID's and the earthworm_inst.d has the institution ID #'s. These are parameters that cannot be set on a whim, otherwise the Earthworm network can get confused. Causing other people's earthworm to break will not garner you any brownie points and bring disrepute to your institution. Therefore the earthworm_global, _inst.d files are not to be changed except under the direction of the Earthworm managers.

Currently the dedicated earthworm system ew runs 10 instances import_generic module. This module can be used to import anyone of a variety of message types, from waveforms to p-times. Since there are 10 instances, there are 11 .d and .desc files associated with them. These are:

import_generic_AD.d – Imports data from the primary digitizer to WAVE_RING_HVO.

imp_heartbeat_AD.d – Imports heartbeats from the primary digitizer to WAVE_RING_HB.

imp_scn_HVO_ded.d – Imports waveform data from HVO via dedicated circuit between PTWC and HVO (NEIC WAN) to WAVE_RING_HVO.

imp_scn_NEIC_ded. – Imports waveform data from NEIC via dedicated circuit (NEIC WAN) to WAVE_RING_DED.

imp_scn_PR_ded. – Imports Puerto Rico waveform data from NEIC via dedicated circuit (NEIC WAN) to WAVE_RING_DED.

imp_scn_MENLO_ded.d – Imports waveform data from USGS Menlo Park via the NEIC WAN to WAVE_RING_DED.

imp_scn_ATWC_ded.d – Imports seismic waveforms and real time sea-level data from ATWC via the NEIC WAN to WAVE_RING_DED.

imp_hypo_ATWC_ded.d – Imports hypocenter information from ATWC via the NEIC WAN to HYPO_RING.

imp_hvo_EWB_ptwc.d – Imports HVO data from the ewb loading dock via the NEIC LAN to WAVE_RING_HVO.

imp_scn_EWB_ptwc.d – Imports teleseismic waveform data from ewb via the NEIC LAN to WAVE_RING_DED.

imp_picks_EWB_ptwc.d – Imports picks from the ewb loading dock via the NEIC LAN to PICK_RING.

In addition to the import_generic module instances, we also have an import_ida instance running using the import_nrts.d  file. This module imports KIP and HON directly from the nrts servers running on ewb on ew respectively.  In this case data is exchanged over the PTWC LAN so that the loading docks have both KIP and HON. 

Other import modules are the liss2ew modules. These modules import data from a LISS server into the Earthworm rings.  The liss2ew .d files follow the naming convention lissxxxx.d where xxxx is the station name. These setup files contain the IP address of the LISS server and port number for which the requested station is provided. On the EW side, all of the liss2ew instances import data from the VSAT PC that runs BSD UNIX. The lisspoha module imports POHA data to the WAVE_RING_HVO ring. All other liss modules transport data to the WAVE_RING_DED ring.

We also have several exports running on the primary loading dock. There are two basic types of export modules, export_generic and export_scn. “export_generic” as the name implies, can export any or all recognized Earthworm message types. ”export_scn” only exports waveform data, however, it gives you more control. It will only export specific stations and channels as listed in the .d file. You could of course export waveform data, with exp_generic. However, that would export all waveforms. There are currently 9 instances of export modules running on the ew loading dock. They are:

exp_lulu_LocalPicks.d – Exports picks obtained from local data in PICK_RING to lulu over the PTWC LAN.

exp_lulu_TelesPicks.d – Exports picks obtained from teleseismic in PICK_RING data to lulu over the PTWC LAN.

exp_scn_hvo_ATWC.d – Exports selected local broadband stations to ATWC via the NEIC WAN.

exp_scn_tide_ATWC.d – Exports local real time sea-level data to ATWC via the NEIC WAN.

exp_sp_hvo_ATWC.d – Exports selected short period seismic stations from WAVE_RING_HVO to ATWC via the NEIC WAN.

exp_scn_usnsn.d – Exports selected short period stations to NEIC from WAVE_RING_HVO to NEIC via the NEIC WAN.

exp_scn_usnsn_q730.d – Exports HON from WAVE_RING_DEC to NEIC via the NEIC WAN.

exp_nrts_ATWC.d – Exports PTCN,WAKE, MIDW, and KIP from WAVE_RING_DED to ATWC via the NEIC WAN.

exp_scn_EWB_ptwc.d – Exports select teleseismic stations to the ewb loading dock via the NEIC LAN.

Hanging off of the data rings are 5 ertm processes. The ertm module is a homegrown module that exports data to the data server running on the loading dock. crtm processes on the twseis machines then transfer that data to dataservers running on the twseis machines. Care must be taken to ensure that duplicates of data are not sent by different ertms to the data server. When this happens, data gaps on the sentinels will occur. The ertm module also checks every so often to see whether or not its setup files has been modified. If it has, the ertm instance will re-read its setup file. In this way, PTWC can modify its channel transfer configuration on the fly to incorporate any new data imports without having to issue an earthworm restart command (syntax: restart PID ).

There are also some modules that change the data or redo the LOGO. One such module is the decimate module. Two instances of this module run on the primary side. One instance decimates sea-level data. The sea-level data is digitized at 100 samples/sec, which is far, far greater a sample rate than we need. So the decimate_tide module cuts this sample rate down to 1 sample/sec. Our locally digitized seismic data which also has a 100 sample/sec sample rate is decimated to 20 samples/sec. The decimated data is placed into the WAVE_RING_DEC data ring and is shipped to lulu via an ertm process. Thus, the local picker runs on the 100 samples/sec data, we are only archiving 20 samples/sec.

The arrangement of rings and modules on ewb is similar. 


As you can see, you should be able to guess a module’s function by the name of its “.d” file. Obviously we run a lot of them. Diagrams of the relationships between the modules and rings on the loading docks ew, ewb are shown on the next two pages. Note the WAVE_RING_HB ring is absent.
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ap. Earthworm Operation

Before starting Earthworm, you must be sure to source the ew_sol_sparc.cmd file in the params directory. This creates all of the environment variables that earthworm uses. The earthworm program startstop initates the earthworm system and is configured by the contents of the startstop_sol.d file. This file contains the number of rings, their names and ring ID number, and a list of all of the modules and their setup files that are to be running. The startstop file also functions as a kind of overseer and will automatically restart functions that die. Once startstop is executed, the modules are started in the order they are found in the startstop_sol.d file. The startstop process also prints out to the screen the PID’s, status, and the names of the modules running with their arguments (configuration files). Simply pressing return gives you a fresh look at all of the earthworm processes and their status. 

If you change any of the configuration files, you can restart the earthworm module on the fly by issuing a restart command. The restart command takes only one argument, the PID number of the process. You can also restart a dead process that startstop gave up on using restart. To stop the earthworm, type quit in the startstop window. Alternatively you can type pau in any window and that will also stop the earthworm system. Once running the Earthworm usually has little trouble.

So getting the Earthworm system to start is simple. Open a window, source the ~earthworm/runx.y/params/ew_sol_sparc.cmd file, type startstop and you’re in business.

In addition to restart and pau, there are two other basic commands that are extremely useful for investigating problems and checking the contents of the rings.

sniffring ringname will display the logo and message type for each message that is placed on the selected data ring. By piping this process through grep you can look for specific message types coming from specific modules and institutions.

sniffwave ringname Station Component Inst. y/n 

will display waveform data from the specified station, component, and institution if “y” is selected. If “n” is selected, sniffwave will give the station name, component and institution plus the time stamp of the waveform message, but no data. “sniffwave” will also accept wild cards. For example, to see all of the data coming from HVO, you can use 

sniffwave WAVE_RING_HVO wild wild HV y. 

HV is the institution code for HVO. Again, by piping through grep, you can focus in on the information you want.

aq. Adding Modules to Earthworm

As stated earlier the biggest pain regarding Earthworm is keeping track of all of the “.d, .desc” files. All modules must have them. Think of a descriptive name for your module, but try to keep it under 20 characters. This name needs to be entered in the earthworm.d file. You can test your module by running it from the command line; just type “command  file.d” and see if it works. For example, if this is a data import module, you can use sniffwave to verify you are getting the data that is being solicited. Once you’re sure the module works, add it to the startstop_sol.d file. You will have to stop and restart the Earthworm so that startstop can oversee your new module.

As an example, suppose I want to add a new liss2ew module for station BLAH. 

1. First I create a module name “MOD_LISS_BLAH”, and enter it in the earthworm.d file. Make sure you give the module a unique ID#.

2. Create the lissBLAH.d and lissBLAH.desc files.

3. See if “liss2ew lissBLAH.d” works.

4. Add lissBLAH.desc to the statmgr.d file.

5. Add “liss2ew lissBLAH.d” to the startstop_sol.d file.

6. Stop and restart the earthworm so that lissBLAH is recognized by the startstop process.

This procedure will bring new data to the Earthworm. A few more steps are needed to bring BLAH’s data onto the twseis hosts. BLAH needs to be added to the srtm file. BLAH will now be placed in the loading dock DataServer. Next, you need to place BLAH in a crtm.setup file on the twseis hosts, and restart that crtm process. At this point the data is available for processing on the twseis machines. You should be able to view the new data with a Sentinel.
Seismic Data Monitoring
The status of our seismic data ingestion can be obtained by examining the Station Data Latency monitor shown below:
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Each dot represents a seismometer that is PTWC’s data ingestion is configured to receive. Color indicates the latency. White indicates latency of one minute or less. Typically the latency is no more than 20s or so. However, some stations have latencies between 1 and 5 minutes. These are indicated in yellow. Black indicates a latency of over a day. Such stations are usually out of commission.  There are several options, including different projections, different map regions (the above is the global view).  One can also select a digital alarm region (see “FIND” button) and determine which seismometers belong to a specific Digital Alarm Region. An example of this is shown below:
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In this case the US West Coast region and the West Coast Digital Alarm region were selected. Seismic stations participating in the West Coast alarm region are indicated by the large dots.

Station Data Latency queries Data Server to find the latest data times and the MySql database for station metadata.

In the case of the tele- and local-seismic data monitors that run on the loading docks, the information is displayed on a simple widget. The local data latency monitor is shown below:
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Each station and component combination is represented as a colored block on the GUI. The color indicates the amount of latency. Green indicates a latency of less than 20 seconds. A few stations such as POHA, and occasionally the Big Island broadbands like KHU have latencies that hover about 20s. Any latencies greater than a few minutes generally indicate a problem with that channel. There have been instances where the time keeping ability of a station is impaired such that the data have an erroneous time stamp that corresponds to a future time. Clicking on a square give the precise latency and network code of the station-component combination.

At the top of the latency monitor, the time at which the monitor last checked the data latencies is given, along with the number of channels with a latency of less than 20 seconds.

The latency monitor for the teleseismic data has the same format. A snapshot of the teleseismic latency monitor during an outage affecting several USGS broadbands is shown below:
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The grey squares indicate channels that have been dead for some time. The monitor image above shows that data feeds from a number of broadbands went out sometime between 30 minutes and hour before the time shown at the top of the GUI. Clicking on any one of the blue squares shows that the US (USGS) network is affected
Pick Map

Pick Server is a module that runs in the twseis user earthworm instance on lulu and kaku. Pick Server will serve all picks, hypocenters and magnitude messages that are deposited in the pick, hyo and mags rings respectively over the socket 18800. up to 20 processes can connect to pick_server. As earthworm is generally peer-2-peer, pick_server breaks away from that mould. 

Pick Map is a program based on the TkGeoMap extension that retrieves picks and hypocenters from pick_server and displays them on the map. Picks and hypocenters are color coded by their age. Pick Map also makes sounds when a new pick is received (champagne cork pop) and when a new hypocenter is received (gong). The audibles do help to alert the watchstanders to the occurrence of aftershocks or near simultaneous earthquakes. When a hypocenter is received, Pick Map will draw a curve indicating the propagation of the P-wave front away from the epicenter in real-time.

An example of Pick Map is shown below:
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This snapshot of Pick Map was obtained following a large earthquake in Vanuatu. The hypocenter symbol is the “seisem” symbol enclosed by a circle. The white curve  (actually circle when plotted on a sphere) shows approximate position of the P-wave front. The dots are the locations of seismometers which recorded a P-pick. White indicates picks less than one minute old, yellow less than five minutes old orange less than 20 minutes old. The color key is at the top right. The hypocenter symbols also age, but as new hypocenters are still being generated for this event, it still is plotted in white. At this stage the P-waves are arriving on the US West Coast, and hence picks contributed by the west coast broadbands are white, being they are th most recent. In the East the P-wave front is passing over Sri Lanka and resulted in a pick made at PALK.

Pick Map also works with LocSat to show the distribution of P-times used in the determination of the current reviewed hypocenter and this will be discussed in the section on LocSat.

X.  Event Detection 

The twseis hosts run 13 instances of a program called “DigitalAlarm”. DigitalAlarm examines the waveforms for sudden changes in character which may indicate an earthquake generated seism. It uses a technique based on STA/LTA in which a short term average of amplitudes is compared to the long term average. In the absence of earthquakes, the seismometer should be relatively quiet except for background noise which has small amplitudes and the STA in principle should not be greatly different than the LTA. When a P-wave arrives however, it may greatly increase the STA. Since the long term average is averaging over a longer time interval it will not be affected as much. With proper tuning an appropriate STA/LTA ratio can be chosen such that false detections become rare. If the DigitalAlarm program finds two or more such excursions on seismometers in the same general area within a few minutes of each other, the watchstanders will be paged. In this case, the watchstanders will likely be in operations before the associator has determined a location. Our AORs have been broken down into 12 overlapping regions to be monitored by DigitalAlarm, hence that is why 12 instances are running.

The DigitalAlarms are monitored by NEXUS. Starting and restarting the DigitalAlarms should be done through NEXUS.

The DigitalAlarm program takes two arguments, and they are a code representing the region it will monitor, and a number (1 or 2) indicating the number of triggers required to set off the alarm. Each region has a unique code that the DigitalAlarm program understands. Given the region code, the DigitalAlarm program then reads the $TWSEISHOME/io/params/calib/Calibs.dbase file and monitors all stations that are configured to be included in the DigitalAlarm for the selected region. For each station in the Calibs.dbase file, there is a key “DIG:” followed by the list of digital alarm regions which require that station. An example of that record is:
DIG:  4  TEIG  CAR_ PR_  SA_ US_WC
This record has 4 sections. The DIG: is the digital alarm key, the next field is a number indicating the number of digital alarms the station participates in. If the number is set to zero, then the station will not participate in the digital alarms. The third field is the station name itself. The last field consists of codes representing individual regions. There are 13 codes: Caribbean (CAR_), Puerto Rico (PR_), South America (SA_), U.S. West Coast (US_WC), Hawaii (HAW_), Kurils (KURI_), Aleutians (ALEU_), Southwest Pacific (SW_PAC), Pacific (PAC), Western Indian Ocean (WIO_),  Eastern Indian Ocean (EIO_) and Mediterranean (MED_).
The record above indicates that the station TEIG is included in 4 digital alarm regions and those regions are the Caribbean, Puerto Rico, South America, and U.S. West Coast. To remove TEIG from the digital alarms, simply change the “4” (number of digital alarm regions the station participates in) to “0” and restart the Caribbean, Puerto Rico, South America and U.S. West Coast digital alarms through NEXUS. To reintroduce TEIG back into the digital alarms, you would change the zero back to “4”. To pull a station out of a particular alarm region, remove the token for that region, decrement the number of alarm regions and restart the digital alarm for that region using NEXUS.
Y.  Earthquake Location
ar. PICKER

PICKER allows close inspection of seismic datastreams for the purpose of selecting seismic phases. PICKER will also display, upon request, the predicted arrival time of pP, sP, S, PcP and ScP. This should aid in the identification of the phases on the seismograms and help better constrain the depth of earthquakes. This latest version allows the watchstander to select  any of the P, pP, sP, S, PcP and ScP phases for location purposes. 

PICKER is automatically invoked by the digital alarms; either a station page or hypocenter page will trigger PICKER. The digital alarms call the program $TWSEISHOME/start_picker.tcl. start_picker.tcl  parses the content of the digital alarm and executes the wrapper for PICKER called “PK” with the appropriate arguments. PICKER also has a simulation/training mode which will be discussed last.

The command “PK” or “pk” which can take one or more arguments. For example:

PK Station_Name

PK PFO  directs PICKER to order seismic stations by distance from PFO. At first, only 25 datastreams are available for analysis and the data is gathered starting at 300s before the current time. As time goes on, the waveforms will extend until a total of 1400s of waveform is obtained at which time no more data is gathered. A pool of 100 datastreams is maintained by PICKER and that allows the watchstander to request more stations. If the station is not in the Calibs.dbase file, you will see a pop-up message stating that the station is unknown and PICKER will quit.

PK   Station_Name   seconds

Same as above, except that seconds specifies at what time before present will the displayed waveforms start. This mimics pick's behavior.

PK [no argument]

If PK is invoked with no argument, it will read the COMF file, get the origin time and gather the 25 stations closest to the epicenter. If the origin time is greater than 30mins before present, the waveforms are aligned on the basis of theoretical P. Otherwise the data will start 300s before origin time and end 1100s after origin time. PK will  function on past events, provided their associated CSS .w files are still available on disk. So, feel free to train on old events. Automatic P-picks are not available in this mode.

PK yyyy mm dd hh min ss lat.yy long.xx

In this case the hypocenter parameters are defined on the command line. The time values are given in four- or two-digit integers and latitude, longitude are decimal numbers. When PICKER is initiated by a hypocenter-based alarm, it is called with these command line arguments.

 Figure 1.
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Main GUI

Figure 1. shows a picture of the interface created by PICK_GUI, titled “PICKER”. In this case PICKER was invoked using  “PK ITM”. ITM appears at the top, and the other 24 stations are ordered in terms of proximity to ITM. The scrollable (scroll bar is on the right) interface displays up to 25 waveforms at any one time.

 Each station is indicated on the left with a button widget and this widget also shows the epicentral distance of the stations from ITM. If PK was used with no arguments, this distance would then be the distance to the epicenter. Clicking the “station button” causes PICKER to rearrange the station order. So if for example, the VSL button was clicked, VSL would move to the top and the other stations would be reordered in terms of epicentral distance to  VSL. After reordering, some stations which were not members of the original 25 closest to ITM will now be brought in, as they are close to VSL. However, still, only the closest 25 will be displayed. Clicking the ITM button (that station is in the 25 closest to VSL) will return the station order to the way it was originally.

In Figure 1. the trace for VTS was clicked on and that opened an expanded canvas (trace analysis display) for more careful inspection of the waveform and picking. Up to 60s of trace will be shown. The unexpanded trace is still visible and will continue to grow if more data becomes available.

Each plot in Figure 1. shows the trace in green and the time axis in white. You will notice some yellow and red lines associated with a “P” of the same color. The yellow lines indicate the position in time of an automatic P-pick obtained via pick_server from the picker. Red P’s are manual or reviewed P-picks made by the watchstander. To the right of the trace is a box with 5 buttons. The horizontal “+” or “-” buttons can be used to expand the trace in time and the vertical “+” or “-” will expand or contract the trace vertically. The “O” button resets the trace to its original vertical and horizontal scales.

The horizontal buttons won't work unless there is a manual- or auto-Ptime. Clicking the horizontal  + button will expand the trace to +10s of the P-time. Clicking the horizontal + a second time expands the trace to +5s of the P-time. If there is no P-time, the message “No P-time Selected!” will appear in red below the box.

Clicking on the horizontal + expands the trace in time. Here after one click, the trace is now only 20s of seismogram, reduced from the original 60s. The Auto P-time is now red as it has automatically been promoted to a reviewed P-time.
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           Figure 2. Trace expanded by clicking horizontal + .

Clicking the vertical + expands the trace in the vertical:
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            Figure 3. Trace expanded vertically by clicking vertical + .

Here the P-time has been adjusted by the watchstander using the left mouse button and dragging the P-time indicator (red vertical line) to the desired location. The vertical + button can be clicked  as many times as desired. Each time the + button is clicked the trace expands by a factor of two. The is a useful feature when encountering very emergent waveforms. Clicking the -  button reverses the effect. Clicking the O brings the trace back to its original  scale and time length of 60s:
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             Figure 4. Trace returned to original time length and vertical scale by clicking the O. Adjusted P-time is preserved.

The adjusted P-time is preserved. There are number of mouse functions that can be used on the trace analysis display and these will be listed and described later.

Currently, when the trace has been altered by clicking the + buttons, the only phase you can manipulate is the P. So if there are other phase present, they will disappear when any of the “+ or “-” buttons are clicked. Clicking the O returns the mouse functions for manipulating other phases like pP and will bring back any other phases that were present in the trace analysis display when it was first invoked.

On the bottom of the PICKER GUI, there are a number of buttons, a dialog box and a description of the bindings (mouse functions) . Figure 5. shows this bottom section of the PICKER GUI:

Figure 5.
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 On the top row we have the following buttons:

MAGS  --  Menubutton  that allows you to invoke any of the magnitude modules like MM or Bmag/Mwp

LOCATE --  Runs Hypocenter and draws the map. Same functionality as with Pick.

Read COMF – Orders stations in terms of proximity to the epicenter contained in COMF.

MORE – Clicking MORE adds 10 more stations for consideration. These stations are also appropriately ordered.

USE_AUTOS – Clicking USE_AUTOS promotes all auto-picks visible (they must be for stations that exist in the main GUI) to the status of manual picks. For auto-picks that arrive later, they must be either reviewed or the USE_AUTOS button must be clicked again.

Align on P – Offsets the traces so that the expected P arrivals line up on the left hand side. This feature is now debugged. 

Filter Bands - There is also a row of checkbuttons on the left of the top row that control which filter is being used on the waveforms. Clicking one of these buttons causes the waveforms to be replotted using a different filter. The selection “RAW” will cause the unfiltered trace to be displayed. The action of the filter checkbuttons changes if a trace analysis display has been invoked. If a trace analysis display exists, clicking the filter checkbuttons will only affect the filter used for the trace in the trace analysis display. If no such display exists, then any changes in filter will be applied to all traces.

In the second row, moving from right to left we have:

Delete Picks – Deletes all Pick information that the PICK_GUI knows about. This is useful if there is a second earthquake and you wish to delete all information from the first earthquake.

Depth Indicator – This is a sliding scale widget which can be used to adjust the depth used in computing theoretical traveltimes for pP, sP, S, and PcP.  In Figure 5. it is set to zero. When either the “READ COMF or “ALIGN ON P”  buttons are selected, the depth indicated in this widget will reflect the depth in the COMF file. Alternatively, if PICKER is run on an old event, the depth in the COMF will be reflected in the sliding widget. You can adjust the depth by sliding the tab, or adjust the depth in 5km increments by clicking to the right (increases depth) or clicking to the left (decreases depth)  of the tab. As the depth changes the positions of the predicted arrivals will adjust automatically.

Show Pred Phases – Clicking this button will show all predicted phase arrivals on the waveforms. When clicked it will change to “Hide Pred Phases”. Predicted phase arrivals will only be generated if the COMF was read through the use of the  “READ COMF” or  “ALIGN ON P” buttons.

The next four buttons “Show Pred pP”, “Show Pred sP”, “Show Pred S”, “Show Pred PcP” and “Show Pred ScP”, operate in a similar manner, however they control only a specific phase.

In the last row:

SHOW AXIS - In Figure 1., the time axes are hidden, but they can be displayed by hitting the “SHOW AXIS” button on the bottom left.

Mouse Functions

Main GUI

The main GUI has the following mouse functions:

Left-Button-Click – Expands the canvas for the trace clicked on and shows a 60s section of time series about the time where the click was made. Once the expanded canvas appears you can slide the trace backwards or forwards in time by moving the mouse forwards or backwards on the unexpanded trace above the blue line.

Double-Middle-Click – Deletes the nearest phase on the trace clicked.

Trace Analysis Display

A single left button click on a trace in the main GUI expands it to a larger canvas (see window for VTS in Fig. 1.) and displays 60s of trace beginning 35s prior to where the click is made and ending 25s afterward. 

The trace analysis display has the following mouse functions:

Left-Button-Click – Holding down the left button and sliding the mouse will move a vertical red line. Move that vertical red line to the onset of the P-wave and release. Releasing makes a P-pick. This pick will show up in red on the zoom window and in the trace on the PICKER GUI.

Note that if you move the cursor above the blue line representing the time axis, and move the mouse while depressing the left button, you can scroll/adjust the section of time series shown in the expanded canvas.

Depress “Control” key – Depressing the Control key and holding it down while moving the mouse (don't press a mouse button in this case) causes a vertical red line to move with a pP label. Move it to where the pP phase starts and release the “Control” key and walah, you have made a pP pick. The pP pick will show up in the PICKER GUI as well.

Middle-Button-Motion –  Holding down the middle button and moving the mouse allows you to rubber-band around a section of time series and create a zoom window for refined picking. This is also useful in the case of very emergent arrivals.

Double-Middle-Click – Depressing the right mouse button once will remove the pick nearest the location of the cursor, whether it be a P, pP or auto-P pick. This also works above the blue line.

Single-Right-Click – Dismisses the expanded canvas and writes the pick files. Not only the pick you just made is written, but all other picks, subject to precedence rules (see below), are written as well. Hence the pick files have complete up to date information.  Ergo, a “Write Picks” button isn’t needed. To go even faster, you do not have to dismiss the expanded canvas. This will happen automatically when you click on another trace in the main GUI. If you need to rewrite the pick file, expand and close any trace and a new pickfile will be written regardless of whether a pick is made.

So far, we have only discussed the picking of the P and pP phases. I will now illustrate how one picks the sP, S, PcP or ScP phases. The basic process is that you expand the canvas about the theoretical phase you are interested in and convert it to a manual pick.

Let's illustrate this with Figures 6. and 7.
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Figure 6.

In Figure 6., the canvas has been expanded for station LVC. A hypocenter was generated and the watchstander clicked on the “Align On P” button. The watchstander then clicked the “Show Pred S” button and now wishes to pick the S arrival time. The way to convert the S or any other theoretical arrival time to a manual pick is to click on the white vertical line associated with the phase of interest using the left mouse button, below the time axis. If you click above the time-axis using the left mouse button, you will generate a P-pick and not convert the theoretical phase to a manual pick. Once you have clicked on the theoretical phase, it will turn red and you can move it to where you want it by moving the mouse and continuing to press the left mouse button. 

In Figure 7., we have now converted the theoretical S-pick to a manual S-pick:
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Figure 7.

So to sum up, mouse functions are single clicks and/or combinations with  mouse motion. Single-Right-Click dismisses the expanded canvas or the zoom window.

ZOOM

To zoom in on a trace for more precise picking (particularly useful when the P-wave is very emergent), hold the middle mouse button down and draw a rectangle around the section of trace you wish to see expanded, on the expanded canvas as in Figure 8. below:
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Note that when you pick, the picks are indicated on the main GUI trace and the expanded canvas simultaneously. The zoom window is in its own widget and is shown below in Figure 9.:
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The zoom widget has the exact same mouse functions as the trace analysis display.

Pick Precedence

Because there can be both auto and manual picks, manual picks are given precedence. If there is an auto-pick and the watchstander conjures up the trace analysis display or zoom window and makes a P pick, the auto-pick is deleted. The manual picks have precedence. As long as there is a manual pick, the manual pick and not the auto-pick will be written to the pick files. Further, once a manual pick is made for a station, subsequent auto-picks for that station will be ignored. The only conditions under which an auto-pick is written to the pick files is when the watchstander has reviewed it by invoking the expanded canvas or the USE_AUTOS button is clicked. Hence auto-picks that appear during the course of time will not be written to the pick files until one the above actions are performed. Clicking the Delete_Picks button deletes all current pick information. Stations that formerly had picks can now receive an auto-pick again.

Use of Predicted Phases

The primary reasons for indicating the predicted arrivals of the phases pP, sP, S, PcP, and ScP, are to help the watchstander identify these phases on the traces and better constrain the earthquake depth. The watchstander if he so chooses, can convert the theoretical arrival to a manual pick using the procedure discussed previously. I will attempt to illustrate this using the example of the recent Bonin Islands earthquake which had a depth of 480km.
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Figure 10.

In Figure 10., the traces are aligned on P and an expanded Canvas is shown for WAKE. The “SHOW pP” button was clicked and the predicted arrival time of pP is shown. Predicted phases are always shown in white. In this case the depth is very good and the predicted pP arrival corresponds very closely with the actual pP arrival. If the depth was off, this would still be helpful in identifying the pP phase. You can then make a manual pP pick and relocate, or you can adjust the depth with sliding widget until the predicted pP's more closely align with the actual arrivals.

In Figure 11., the predicted S-phase arrival is shown as well:
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In addition to pP and S, you can also, of course, display sP and PcP predicted arrival times.

Simulation Mode

Picker can also run in a simulation mode. This version uses the executable PICKER_SIM and is invoked by PK_SIM with no arguments. The hypocenter information needs to be loaded in the COMF file. Both PICKER_SIM and PICKER are obtained by compiling the same C-program. Once invoked PICKER_SIM will read data in 10s chunks and display the growing traces in near real-time.

Miscellaneous Technical Details

PICKER has two basic parts, a data engine which is a C-program and a Tcl/Tk GUI. The C-program gathers and processes the datastreams and sends the results to the GUI which is called PICK_GUI. PICKER and PICK_GUI communicate via a TCP/IP socket (18530). PICK_GUI communicates with pick_server via socket 18600 to receive auto-picks and PICKER communicates with DataServer to retrieve data via socket 5000.

PICKER is multi-threaded; one thread gathers data and another thread handles instructions sent via PICK_GUI. PICK_GUI is pseudo multi-threaded via the TK event loop, a discussion of which is outside the scope of this document.

as. The Whitmore Picker and Associator

As indicated in the Earthworm section, the Whitmore Picker runs as part of the Earthworm system on the loading docks. The picker examines the seismic data streams for indications of the arrival of the P-wave. The P-picks made by the pickers are forwarded to the twseis hosts where the associator also runs as part of an Earthworm system. The associator finds the hypocenter that is the most consistent with the P-times provided by the picker. 

The pick_wcatwc earthworm module is the latest re-write of the P-picker used at the West Coast/Alaska Tsunami Warning Center since the early 1980's. The P-picker was developed by Veith at Teledyne GeoTech. 

Short period filtering is provided by this module for broadband data when specified in the initialization file. Response for the default filter has been computed and is used to convert amplitude to ground motion. If other filter parameters are used, the response must be calculated and used in the ground motion calculations. The raw broadband data is still used, though, for Mwp computations.


The associater program (loc_wcatwc written by Paul Whitmore) locates earthquakes given TYPE_PICKTWC format P-picks placed in the InputRing. The first task of loc_wcatwc is to sort Ps into buffers which contain just picks from the same earthquake. This can be a very difficult task for some station geometries. The first sort is just an initial guess and is based on some simple logic. If the time difference between the new P and all other Ps within the buffer is less than the maximum which could be expected for the distance between the Ps, the new P is placed in that buffer. A second check is also made: if the P time is greater than MaxTimBetweenPicks from the last P-pick in the buffer, it will not be included in that buffer. After a buffer has enough P-picks to locate a quake (MinPs), the solution is computed. If a good solution is made, P's from other buffers are compared to this solution and are added back into the buffer if they fit (unless they are in a buffer which has produced a good location). Also, P's which were eliminated by the Bad P discriminator in the locate routine are placed in a different P buffer. This scavenging and removal of Ps after locations are made is the second sorting of Ps throughout the different buffers. As new P-data enters a buffer which has more than MinPs picks, the hypocenter is updated for that buffer. A diagram for the flow of this process is given below:
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Quake locations are computed using Geiger's method given an initial location computed by a technique developed at the WC/ATWC. An initial guess is first assigned to the location of the first P-time in the buffer. If a solution cannot be computed from this initial location, a routine is called to compute the initial location from azimuth and distance determined from a quadrapartite of stations. If a location can still not be determined, a bad P-pick discriminator is called. This simply throws out stations one-at-a-time (up to three stations at once) and re-computes the location. Good solutions are verified by total residual. The quake locator, first developed at NEIC, was introduced to the tsunami warning centers by Sokolowski in the 1970's (Parts of this code are still found in nquake).


The IASPEI91 travel times are used as the basis for quake locations in this program. A time/distance/depth table has been created from software provided by the National Earthquake Information Center. Locations with this set of P times have been compared to those made with the Jefferey's-Bullen set of times and were found to be superior in regards to depth discrimination and epicentral location with poor azimuthal control. The P-table is arranged on 10km depth increments and 0.5 degree distance increments.


A common problem with this associator/locator is that the same quake may be located in two different buffers. This can happen due to phases other than the P (such as the pP or sP) being picked instead of the real P. A routine is called to check for similar quakes in different buffers. Only the location from the buffer with the most Ps is sent to the HYPO_RING.


After a good location has been computed, magnitude is output based on the amplitude/periods/integrations reported by the P-picker, develo, hypo_display, and/or lpproc and mm. Mb, Ml, MS, Mw, and Mwp magnitudes are computed depending on epicentral distance.

The locations/magnitudes are sent to the HYPO_RING. Alarms based on location and magnitude can also be issued to the AlarmRing if desired. The page_alarm module will send these to a pager.

At PTWC, a modified earthworm program, called sniffring_ptwc ferrets hypocenters out of the HYPO_RING and places them into a file ($TELE_LOC_SUM) on the twseis hosts that is read by the tele-eq.tcl GUI. After a cursory examination of the hypocenters found on the tele-eq.tcl GUI, the watchstander can select the hypocenter that appears to be the most significant in statistical sense.

at. 








au. nquake

nquake is our all-purpose hypocentral determination program. The purpose of this section is to instruct you on how to best use it, not to explain its inner workings in great detail. nquake is based on the old, but yet tried and true Geiger Method. In this method P-wave travel times are tabulated as function of epicentral distance (every .5 degrees) and depth (every 10km). This table easily fits into RAM on the ptwc hosts.

nquake takes one of two options ( -P, -Q) which tell nquake which source to use for P-times. The “-Q” option tells nquake to use the P-times obtained from the wneic process, and “-P” option tells nquake to use the P-times obtained manually or by the Whitmore Picker. The default (no option specified) behavior is to use wneic picks.

The nquake GUI, shown below, is complex and has a number of bells and whistles. 
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As you can see, the nquake GUI has an array of buttons, text information and two display widgets. The display widgets are titled “Included Stations” and “Excluded Stations”; the former contains the P-times that were used by the calculations and the latter shows the P-times that were excluded by the calculation. The stations are arranged in order of there epicentral distance.

When the watchstander is satisfied with the hypocenter determination, the watchstander can then click the “WRITE TO COMF” button and write the hypocenter information to the COMF file. Hence the “WRITE TO COMF” button must be clicked at least once before issuing any messages.

 The row of buttons above the display widgets are entry points to the messaging software. Clicking on the “OBS MSG” button will produce a drop-down menu that will give you the option to send the observatory message via email or the AFTN or both. The other buttons in this row also have drop-down menus that allow you to choose specific message options. Examples are shown below:                                                    [image: image56.png]Time Reg. Suppl.
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The widgets that are used to control nquake itself are found on the right hand side. The top boxes:
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have a few basic buttons. The “EXECUTE” command tells earthquake to recalculate the epicenter. This button should be clicked every time you add P-times or make changes to nquake’s search parameters and search operations. How those changes are made will be discussed shortly. 

The “Test Options” button allows you to input a “test” location or a starting point to be used by nquake. In the test location case, nquake will assume the inputted location and compute the residuals for the current pick distribution. The statistics will be presented, but the words “This is a Test Location” will be displayed in the information boxes to remind you this was a test, not an inversion. The test location is useful for figuring out which stations have bad residuals and should be excluded. To remove a station from  nquake’s calculation, double-click on its entry in the “Included Stations” display widget. It will subsequently appear in the “Excluded Stations” display widget.

In the case of a “Starting Location”, nquake will use that location and that location only as a first trial solution. This also proves useful in some cases where nquake doesn’t have trial points in the vicinity of the epicenter.

The “EDIT COMF” button displays the COMF entries in GUI form:
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You can change these COMF fields pertinent to earthquake parameters using this GUI (also available from the “ONE” GUI) without having to edit the COMF file directly. The COMF GUI will perform a few sanity checks on the data that is entered. Clicking the “UPDATE” button will update the contents of the COMF file, but leave the GUI. Clicking “DONE” will update the COMF file and exit the COMF GUI.

The LOCATION field shown below:
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displays the origin time, geographical coordinates and depth of the earthquake in red. The blue line shows the estimated time of arrival for the S-waves and Surface waves at Honolulu. For large earthquakes, the S-wave arrival time is a good predictor of when the long period analog alarm in the operations room will go off. For smaller earthquakes, the surface waves are the waves to trigger the long period alarm. If nquake can’t find a solution, then a message will appear stating that no location is found.

The VICINITY field displays the Flinn-Engdahl region name, as well as the nearest large city. The city database used by nquake is in dire need of an upgrade; there are currently way too few cities.
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The vicinity and the location, origin time, of the earthquake are written by nquake into the COMF file.

The “STATISTICS” field shows basic information indicating the quality of the solution. These are the rms and the azimuth gap. The 
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azimuth gap indicates the coverage given by the distribution of the P-times used. A small azimuth gap indicates a good geographical distribution of the stations contributing P-times. A low RMS ~<=1.0 sec and a small azimuth gap <100o are good indicators for a high quality solution. Another thing to check is the distance to the closest station. You can find that in the “Included Stations” display widget and scroll to the right to find the epicentral distances to the stations. 

The total number of P-Times is self explanatory; however do be wary of solutions in which a large percentage of the P-times are rejected. This may indicate two earthquakes closely spaced in time, a busted solution or other problem. The gap below this line would be filled with a total number of pP picks line had pP picks been used. The “Elapsed Time” indicates the time elapsed between when the earthquake occurred and when this solution calculated. 

The next two fields have entry widgets and buttons which can be used to control the manner in which nquake obtains a solution. The “Depth Control” area is useful in determining the depth of the earthquake.
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The “Depth Control” box is shown above in its default arrangement. By default, nquake attempts to locate all earthquakes at the fixed depth of 33km. To find the depth, clicking the “Float” button and then hitting the “EXECUTE” button, nquake will allow the depth to become a free parameter. Hypocentral depth determinations can be tricky; key things to look at are what the change in rms is, and if there are changes in the number of P-times excluded. nquake may find a depth that gives a low rms, but does so by eliminating a large percentage of P-times. The Table button shows how the rms varies as a function of depth. Clicking the Table button and clicking the “EXECUTE” button produces a pop-up with the rms and location obtained for each fixed depth. nquake will load the depth, location and origin time into the information fields for which the rms is the smallest. If the pop-up shows a pronounced minimum, the earthquake probably has some depth. At this point the watchstander can then click the “Float” button and obtain a solution allowing the depth to be a free parameter. This is the general procedure to follow when you suspect a deep earthquake. First use the table mode, and then the “Float” mode. nquake will use the solution with the smallest rms as a starting point in the inverse. This procedure is fairly robust.

The “Search Control” box allows for different types of control on the way nquake works.
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The inputable field “Max. Res.” Sets the maximum residual allowed for a P-time in the inversion. P-times which deviated more than 4s from the predicted arrival time given the location are rejected. Nquake will go through several iterations of rejecting and including picks until it has a solution such that all picks with a residual > 4s are rejected. But the watchstander can make this number smaller or larger. That is sometimes helpful in coaxing otherwise difficult solutions to converge. 4s is the default.

Clicking the “USE DEFS” button will tell nquake to obtain a solution using the default settings. “RAND Z” will tell nquake to search for an epicenter using random depths as well as random locations. If things get all messed up and you’re not making headway, clicking the “REDO” button will start over.

The bottom box has three buttons:
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Clicking the “Add Data” widget allows the watchstander to enter individual picks to nquake on a pop-up entry form. Typically we do this for picks we may receive over the AFTN circuit from HKC (Hong Kong) or MATS (Japan). You must then click “EXECUTE” to have nquake recomputed the location using the newly added pick(s).

The “MAP” button is always used during an event. Clicking the “MAP” will generate a GMT plot showing the epicenter in its geographical context with historical seismicity and tsunami data (see below). Another check you can make when deciding if the earthquake is shallow or deep, is to see if the earthquake occurred in an area where deep earthquakes are common.
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This description of nquake is far from exhaustive, but should be enough information to get you started. It is recommended that new watchstanders gain experience with nquake by using it to locate earthquakes using data obtained through the wneic process. Locate earthquakes deep and shallow to get a feel for nquake.

av. GLASS

The GLASS associator was written by Carl Johnson and Harley Benz, and is used by NEIC. PTWC has a version of it running on the “GLASS” PC. GLASS runs as part of an Earthworm system, which basically has just two main modules. One module exports picks from NEIC; the other is the GLASS associator itself. For now this system does not communicate with our operations. But we hope to be able to import GLASS’s hypocenters to our systems and as well send the GLASS associator our pick streams.

It is not a bad idea to check the GLASS associator and see how its location compares with ours. It may also prove useful in helping to establish the depth of the earthquake. At any rate GLASS is a useful backup to our procedures.

Z.  Magnitude Estimation

aw. Bmag/Mwp (P-wave Moment) Program
Since the algorithm for the body-wave magnitude examines the same data as needed for Mwp, the two algorithms have been combined in the same function.  Here, we first discuss Mwp and then we will discuss PTWC’s implementation of the broadband body wave magnitude.

The Mwp magnitude is a moment magnitude based on the P-wave. Mwp has replaced Ms as the magnitude upon which our messaging thresholds are based. Because Mwp uses P-waves, it is obtained much quicker than the traditional Richter magnitude that is based on slow traveling surface waves. Because Mwp examines longer period waves than the 20s surface waves used by Ms, it is less susceptible to saturation.

When mwp is run, it interrogates Dataserver for several hundred seconds of waveform data for our constellation of broadbands within 90o degrees of the epicenter. The first 300s (obtained 60s prior to the P arrival) is used to find the appropriate mean. The first 120s or up to the S-arrival (which ever comes first) is integrated  twice to yield the moment. There is no deconvolution and the waveform is de-meaned, de-trended and then tapered before time domain integration is attempted.

In calculating Mwp, the displacement record of the P-wave portion of the broadband seismograms is taken as an approximate source time function and then integrated again to obtain the moment rate function, Mo(t), and the moment magnitude [Kanamori, 1977] as a function of time, Mw(t) [Tsuboi, 1995]. 

Specifically, Mwp is calculated from the far-field P or pP-wave displacement seismogram [Tsuboi et al., 1995] obtained from broadband seismometers. The derivation of Mwp depends on the assumption that we can obtain the seismic moment from the P-wave portion of the broadband displacement waveform, uz
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where  and  are the density and P-wave velocity averaged along the propagation path, r is the epicentral distance, and FP is the radiation pattern. Since broadband seismometers are used, there is then no need to deconvolve the instrument response from the data. This allows us to simply scale the data by a calibration factor, because we can assume that the instrument response function is flat in the frequency band of interest. 

We then carefully remove any pre-event offset present from v(t),  ending before the P-waves from the earthquake arrive, integrate v(t) twice, and multiply the absolute value of each data point by 43 r to obtain Mo(t) in N-m. Using the standard moment magnitude formula [Kanamori  1977]

                         Mw = (log10Mo – 9.1) /1.5                                  

without correcting for the radiation pattern, we then obtain Mw(t). 

In the case of deep earthquakes, double integrating the velocity seismogram with respect to time yields an approximation to the source time function of the earthquake. Looking at the first peak in the distribution resulting from the integration, gives an estimate of the seismic moment. For shallow earthquakes, the connection to theory is not as straight forward. None the less, the empirical evidence clearly shows that Mwp obtains a good magnitude estimate. However, an empirical correction, determined by Paul Whitmore, is required for satisfactory results:
Mo = (Mo – 1.03)/ 0.843
The plot below shows how Mwp fares with respect to the Harvard Mw:
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In operations running mwp produces a series of plots that the watchstander needs to briefly examine and select the correct magnitude. It is possible that at some point we may automate this process, but for now manual picking seems to yield the best results.

An example of an mwp plot is shown below:

[image: image69.png]CTAO bhz—

MWP

7.2

50

‘1&701

Mwp




In this case, we see the mwp plot for the P-wave coda recorded at CTAO. The blue curve represents the moment rate and the green curve indicates the value of Mwp. The black is the velocity waveform. Usually it is best to pick the first peak where the peaks in the moment rate and mwp curves coincide. In this case, they coincide at about 30s into the P-wave coda, and the value is 7.2. While this procedure works most of the time, their may be cases when the second peak is more appropriate. For that Tsuboi developed a two-peak method. We will discuss this procedure further in subsequent sections.

When BMAG is triggered, it reads the pickfile of current reviewed picks and listens on a UDP socket 18590 for subsequent picks sent by PICKER. For each station within 90o the Mwp calculation engine will integrate, beginning a few seconds before the P-wave arrival, up to the expected arrival of the S-wave or 120s. Then an automated procedure identifies the peaks in the moment rate curve and computes an Mwp.

The overall procedure consists of the following steps:

1. Compute the signal to noise by examining 60s of trace prior to, and after, the P-wave. These section are band-pass filtered between .3Hz and 5Hz and the rms mean is computed for each section. The ratio gives the signal to noise.
2. Compute the average of the noise over an interval of 300s ending 60s prior to the P-wave arrival.
3. Doubly integrate the first 120s of seismogram or up to the S-wave arrival, which ever comes first to compute the Moment-rate curve.
4. Examine the curve for peaks. This is called the monotinicity check. If there are no outstanding peaks, this station may be rejected for Auto-Mwp, unless the signal to noise ratio exceeds 10.
5. Recursively smooth the moment-rate curve until three main peaks are left. Now using the location of these peaks as a guide search for the peaks on the original, unsmoothed moment-rate curve. Apply the Tsuboi method to the first two peaks.  In the Tsuboi method, if the second peak is at least twice as large, compute the Mwp using the difference between the first two peaks. Otherwise compute the Mwp using the first peak in the moment rate curve.
The basic Auto-Mwp interface is shown below:
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This interface has a number of elements. At the top is the summary, showing the Mwp based on long period instruments, based on all instruments, a plot showing the azimuthal distribution of stations, and numbers indicating the number of traces processed and the total number of Mwp measurements obtained. There are also thee buttons, two which will write the selected value of Mwp to the COMF file and another button “MORE” which will increased the number of Mwp measurements obtained. Bmag/Mwp will stop computing Mwp in the real-time mode after 40 measuremenst have been obtained. This is generally way more than we need operationally. Clicking the “MORE” button adds six more traces. In this example, this was done a number of times yielding 135 measurements. Note that the color coding here is consistent, red indicates long period instruments and orange indicates other instruments.
The plot itself shows all of the moment-rate curves obtained (dashed-blue), the Mwp curve (dashed-green) and the stacked moment-rate and Mwp curves, thick blue and green curved respectively. The dots show where the Auto-Mwp algorithm has computed the Mwp for the various stations. Red indicates measurements made using seismograms form long period instruments. The grey dots are outliers. Once there are 6 or more Mwp measurements, statistics obtained form the distribution of measurements is used to determine the outliers. As you can see in the example above, the moment-rate curve generally has two main peaks and each is populated by a number of measurements. The second population is the result of applying the two-point Tsuboi method discussed above. The first population is obtained where the second peak is not larger by a factor of two than the first.
The plot is interactive; on the bottom in white is a reminder of what mouse clickable functions are available. A single left click on a dot illuminates the station name and moment-rate, Mwp curves associated with that station. A double middle button click brings up a plot similar to the Mwp plot shown above. And last, a double right button click on a dot will delete that measurement and its attendant curves.
The figure below shows what happens after a left click and holding the left button down on a dot:
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In this case the dot was the Mwp measurement obtained from HNR (Honiara). The dashed white lines show the moment-rate and Mwp curves. Release the left button and these features vanish.
Double clicking on the dot for HNR brings up the Mwp plot for closer inspection:
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The inspection plot also a has  few functions. A single left click on the plot will result in a cross and the value of Mwp at that point. In this case the first peak in the moment rate curve (blue) is clearly larger than the second, and the Tsuboi two-pick method is not needed. If the second peak was larger, the Tsuboi method can be applied by single clicking on the first peak and the applying a ctrl-Left click on the second. If the watchstander decides there are no valid peaks in the moment rate curve, a left click to the left of the Mwp axis will remove the station from consideration. Once the review is done, the plot can be dismissed by hitting the “QUIT” button above.
A reviewed Mwp measurement is indicated on the Auto-Mwp GUI by a dot enclosed by a white ring:

[image: image74.png]MWP LP 6.29 (1) MWP ALL 6.17 (5)

NUMBER OF TRACES 135 NUMBER OF MVBs 6

k) 45 60 75 20 105
Left click -> VIEV _Double Middle click -> Examine Double Right Click -> Delete





The main Bmag/Mwp GUI is a tabbed widget, with one tab for Mwp and another for Bmag:
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The Main GUI is shown here under the Mwp tab. Note that the Mwp tab shows the current Mwp averages for quick reference. At the top, the Origin Time is displayed and there is an exit button for terminating the program. The body shows the status of all stations in with respect to the computation fo Mwp. The first two columns show the station name and instrument type respectively, the third column shows the status, the fourth column shows the ETA until there is enough data to compute Mwp, the fifth and sixth columns show the Auto-Mwp and reviewed Mwp (if a review was done) respectuively and the last column shows the delta in degrees from the epicenter. There are a number of status indicators:
NIR                    Not In Range        Station is greater than 90 degrees away

TIME                 Time Out              No Data or incomplete Data.
GAP                   Data Gap               There was a gap in the data 
COMP                Computing            Mwp being computed

DONE                Finished                 Mwp computation completed

The above statuses are all displayed in red. There are others related to the quality of Mwp or the moment-rate curves:

RJECT                Reject                    Signal to noise ratio poor or too monotonic                                   
CHECK              Examine                Moment-rate curve should be reviewed

READY              Examine                Auto-Mwp could not find usable peaks despite   

                                           good Signal to noise ratio and passing monotinicty test.
A double middle or double-right click on any entry will bring up the inspection plot. If the watchstander needs more Mwp measurments, he can review the stations in the order of READY, CHECK and REJCT while waiting for more data. The watchstander should review in this order, as stations with the READY status are most likely to result in a measurement.
BMAG is PTWC’s implementation of Richter’s body wave magnitude and is abbreviated as Mb. BMAG examines a 90s window of data for each station, with the window beginning 30s before the expected P-wave arrival. The entire window is band-passed filtered between 3Hz and .2Hz. The largest peak-to-peak is found in the first 30s and is used in a similar manner as in SMAG as the basis for the signal to noise ratio. In fact, the computation is very similar to what is done for SMAG, except that the frequency window is different (shorter period), a much different section of the seismic wave train is used and Richter’s “Q” table or correction is applied. This table is a function of  and depth (Z). The Mb formula used at PTWC is:

Mb = log (Amax/(2.0 * Tmax))  + Q(,Z)

Clicking the Mb tab switches to the BMAG GUI which has a similar look and feel and shares the status indicators, NIR, GAP, DONE, COMP, TIME:
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 The last two columns are the value of the broadband Mb and the signal to noise ratio. If the signal to noise ratio is 6.0 or greater than value for Mb is accepted, and an “I” is displayed on the GUI indicating that the value was accepted. A weighted averaging scheme is employed which eliminates the influence of outliers. The Mb computation is fully automated and requires no input from the watchstander. Double-right clicking on any entry will show the 90s of waveform examined by the Mb algorithm:
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In this case the entry for TARA (Tarawa) was clicked. The raw data is shown above and the band-pass filtered data is shown below. The black rectangle shows where the broadband body wave algorithm measured the peak to peak amplitude to compute the magnitude.

ax. SMAG (Richter Magnitude)

SMAG is the program that computes the traditional Richter magnitude Ms. SMAG is a GUI that displays the results for each station and allows the watchstander to eliminate stations that are obviously bad or include ones that are excluded because they fail SMAG’s internal criteria, although they may actually be satisfactory.

SMAG will examine data over a 14 minute time window. The window starts three minutes before the expected arrival of surface waves. The window is band-pass filtered between 16s and 23s. SMAG then chooses the largest peak-to-trough excursion in the window (but not before 3 minutes) and uses that amplitude as the basis of the Ms magnitude. SMAG also finds the largest peak-to-trough excursion in the first three minutes and uses this as a basis for a signal-to-noise ratio. The signal-to-noise ratio is simply the maximum peak-to-trough variation post three minutes divided by the maximum peak-to-trough variations pre three minutes. In our experience, signal-to-noise ratios greater than 6 usually indicate a valid surface wave magnitude.

SMAG does not wait until all 14 minutes of data have arrived. SMAG will start computing Ms if as soon as detectable Rayleigh waves are found post three minutes. SMAG will continue to revisit this station and update the magnitude as new data arrive until the 14 minute window is complete, at which point the Ms for that station is frozen. The Ms magnitude may increase with time for a given station, it but will never decrease. The magnitude is computed using the formula: 
Ms = log10((Amax/2.)/Tmax) + 1.66*log10() + 3.3 + correction
In the above formula, Amax is the maximum amplitude and Tmax is the period corresponding to the wavelet with the maximum amplitude, D is the epicentral distance and the correction is 0 for epicentral distances greater than 16o and 0.53-0.033* for less than 16o. 

 SMAG will more or less run autonomously after it is started by the watchstander. Every 20s SMAG will interrogate the data-server for new data. The SMAG GUI is shown below:
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The top part of the SMAG GUI shows the origin time of the earthquake. Below that is a scrollable display widget showing the results for each station. Below that is a summary box showing a summary of the results.

The scrollable display widget has six fields; the station name, component (generally BHZ), status, estimated time until time window is filled, Ms magnitude and signal-to-noise ratio. The status may be one of several values; NIR, PEND, DONE, TIME or GAP. NIR means “not in range”. If the station is closer than 5o SMAG will not compute an MS for that station. PEND means SMAG is still waiting for data. Either data has not yet arrived or the time window is till not yet complete.  DONE means the time window is complete and no further computations will be performed for that station. TIME indicates that station is not receiving data and SMAG has given up on it, and GAP means this station has a data gap and SMAG will not include this station in the results.

The display widget is clickable. Clicking twice with the left button on a station will remove it from consideration by SMAG. Likewise double clicking on the middle button will instruct SMAG to include that channel in the average if it was rejected either manually or because of a low signal-to noise ratio. Double clicking the right mouse button will pop-up a window that shows the filtered and unfiltered data obtained for that station so far, as well as the section where the amplitude was measured for use in computing Ms.

On the bottom, the left most widget is an action indicator telling the watchstander what SMAG is doing at the moment. In the above example, SMAG is currently sleeping but will wake up in 1s and query the data server for more data. When SMAG sleeps the action indicator counts down from 20. When SMAG wakes up the action indicator read “COMPUTING”. The only other action indicator is “WAITING” which you may see briefly when SMAG first starts up.

Next to the action indicator, is the summary box that shows the average Ms obtained. In this case there are two values, the first one includes all values that are not excluded on the basis of low signal-to-noise or excluded manually by the watchstander. This can be thought of as the “running average”, as it includes stations where the data window is not complete. The other average “DONE” is the average obtained using only stations where the data window is complete. Both averages show the number of stations used in computing the average in parentheses.

ay. BMAG (Broadband body wave magnitude)

BMAG is PTWC’s implementation of Richter’s body wave magnitude and is abbreviated as Mb. BMAG examines a 90s window of data for each station, with the window beginning 30s before the expected P-wave arrival. The entire window is band-passed filtered between 3Hz and .2Hz. The largest peak-to-peak is found in the first 30s and is used in a similar manner as in SMAG as the basis for the signal to noise ratio. In fact, the computation is very similar to what is done for SMAG, except that the frequency window is different (shorter period), a much different section of the seismic wave train is used and Richter’s “Q” table or correction is applied. This table is a function of  and depth (Z). The Mb formula used at PTWC is:

 Mb = log (Amax/(2.0 * Tmax))  + Q(,Z)

The BMAG GUI has exactly the same look and mouse functions as the SMAG GUI and will not be reproduced here.
az. Mm (Mantle Magnitude)

The Mantle Magnitude was developed by E.A. Okal and J. Talandier back in 1988. The Mantle Magnitude, abbreviated as Mm, is a variable period magnitude. An Mm is computed for each station at a suite of magnitudes which normally range from 51s to 273s. The idea is that for large earthquakes, Mm will overcome the problem of magnitude saturation by looking at longer periods. Hence, the idea is that out of the suite of Mm’s generated, the largest one should be most representative of the actual earthquake magnitude. Mm differs from the other magnitude estimation procedures in another respect; it uses deconvolution in addition to multiple periods.

The Mantle Magnitude is not the moment magnitude but is related to it with the simple expression Mw = Mm/1.5 + 2.6.

In practice at PTWC, with the heterogeneous mixture of instrument types, this sampling procedure has proven to be sub-optimal. Instead PTWC has opted for a different method of sampling the suite of Mms. A complete description of that sampling technique is beyond the scope of this manual, but it is described in Weinstein and Okal, 2005. Sumatra taught us that for truly great earthquakes, even Mm may saturate at 270s. Hence Mm will now automatically extend the period range which it examines when the magnitude exceeds 8.0, to 410 secs.

Mm normally uses a window of 660s, but when Mm exceeds 8.0, it will use a window of 910s. Mm does not compute a signal-to-noise ratio, but that is something currently under consideration. Because of broadband deconvolution noise Mm is not much use below Mw=6.0. That is the threshold at which Mm is processing signal rather than noise.

The Mm program executes and has a GUI styled very much like the SMAG GUI. In fact, the Mm program was written before SMAG, and SMAG was modeled on the Mm program. An example of the Mm GUI is shown below:
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The last three columns show the Mm magnitude, the corresponding Mw magnitude and the period at which Mm was a maximum respectively. The other columns have the same interpretation as in the SMAG GUI.
At the bottom is summary information regarding mean Mm fro the earthquake. The first two numbers are the short period estimates and the second pair are the long period seismometer estimates. These show the period at which the mean Mm was greatest and the number in parentheses is the number of stations used in the analysis. In this case the period at which Mm was largest was 273s. When the period of maximum Mm is greater than 200s, only the values for the long period will be used, as the shorter period broadbands are more suspect at these longer periods. However, when Mw >= 8.0, this behavior is voided and the short periods are used. For such large magnitudes, the signal to noise ratio is so large that the effects of deconvolution noise are minimal.
ba. Slowness Estimation (Theta Program)

A fundamental property that is characteristic of the so called “tsunami earthquakes” is the slowness of the rupture speed. Tsunami earthquakes are so named because they produce much larger tsunamis than what would be expected based on their seismic moment. Newman and Okal (1998) showed that the Log ratio of the radiated energy E to the seismic moment Mo, Log(E/Mo) (also denoted by “”) is anomalously small for tsunami earthquakes. A number of factors can affect this ratio like rupture slowness, fault plane geometry, maximum strain at rupturing, and directivity (bi-lateral vs. unilateral rupture). However, for shallow thrust, subduction zone earthquakes, slowness may have the largest influence on the value of . 
Newman and Okal (1998) showed that for tsunami quakes, the value of is usually about -6.0 or less. For a regular or non-slow earthquake, theory suggests that Theta is ~ -4.9. Weinstein and Okal (2005) extended the original dataset of Newman and Okal by including an additional 118 earthquakes. The mean value of all  values was approximately ~ -5.1. However, when averaged by event, the distribution of ’s peaks precisely at -4.9, in accordance with theoretical expectations. Given the standard deviation of all ’s for the 118 earthquakes is ~.39, Weinstein and Okal (2005) find that values of  around -6.0 or below are more than 2 off the mean and hence clearly anomalous. 
In general it is thought that anomalously slow rupture speed is due to either sediments lubricating a fault or faulting through an accretionary prism. Either way, the small shear rigidity associated with sediments retards the rupture speed.

As to why “slow” earthquakes produce more destructive than anticipated tsunamis, one can look at the well known relation:

Mo =  A d

Where  is the shear rigidity, A is the fault plane area and d is the slip. Thus for two quakes with the same Mo and all other properties being equal except for  and hence rupture speed, the slow quake requires a correspondingly larger slip (d) in order to achieve the same moment as the earthquake with a nominal value of  and hence normal rupture speed.
One problem with , is that it can be fooled and occasionally yield false indications of slowness. This was made apparent by the Peru earthquake of June 23, 2001. This earthquake began with a precursor event that had a moment magnitude of approximately 7.4, followed almost 70s later by a much larger event which had a moment magnitude of almost 8.4. Due to the 70s delay, the theta computation used only P-wave coda from the first shock, and saw little if any energy from the main event. As a result PTWC initially obtained a  of -6.3, making this earthquake appear very slow indeed. However, this result was spurious and was due to the complexity of the earthquake itself and not actual slowness.
Clearly, something was needed to improve upon this technique to make sure that false indications of slowness would not affect PTWC operations. Realizing that by sliding the window over which  is computed forward in time, Weinstein and Okal (2005) found that as the  window overlapped with the occurrence of the main event,  would increase. Indeed for a window offset of 70s,  becomes -5.6, which is a strong trend to slowness, but not a slow or tsunami quake. This was further born out by the size of the tsunami, which while noticeable around the Pacific, was not destructive outside of Peru.
Weinstein and Okal (2005) explored the windowing technique and found that in actuality, it was a more comprehensive method than the single determination of . Computing theta in a succession of windows separated in time by 10s (each window spanning 60s) up to 100s post P-wave arrival yields a more fool proof method of detecting slowness. What Weinstein and Okal (2005) found is that for true tsunami earthquakes, the variation of  with offset time was small, generally no more than .1 Log units over the entire 100s. In reality it is this trend that is the discriminant.

In effect, the curve resulting form the window offset technique tells us something about the source duration of the earthquake. Slow earthquakes have anomalously long source durations given their Mo and truly gigantic earthquakes also have long durations. For the purposes of tsunami warning, either way, a long source duration is ominous. It turns out that in the case of the Great Sumatra earthquake of 2004, Theta has little variation, even when the integration window was increased to 200s and the offset carried out to 300s. The magnitude of  based on our Mw(Mm) of 8.5 was ~-5.6, a trend to slowness, but not slow. Using the Mo based on normal mode studies, Theta is ~-6.1 (with a 200s integration window!) and discussion continues to the current day as to whether or not the Great Sumatra earthquake was slow, or ruptured in phases with differing amounts of slowness.

In computing , PTWC uses broadband seismograms obtained in the distance interval 25o <= Delta <= 90o. 75s of seismogram are used starting approximately 5s before the P-wave arrival. This is done to insure that the first arrivals are not missed by the integration. The seismograms are deconvolved with the instrument response and the energy between .1Hz and 2Hz is computed. 
The Theta GUI has two parts; the main GUI shows the status and values obtained for all broadband stations and the second part which is just a graph shows the effect on  of sliding the integration window forward in time.
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The main GUI behaves the same as for the magnitude methods, showing the value of  for each station as well as the mean. Using the left mouse button you can discard outliers. The moment magnitude is shown at the top and can be changed at will forcing all theta values to be recalculated. The graph widget shows the results of the theta windowing. The abscissa is the window offset in seconds and ranges from 0 to 100s and the ordinate is the deviation of  from its mean value over all offsets. The green circles show that value for each offset. The small numbers by the circles indicate the number of stations used for that particular window. When executing during an event, typically the first few windows will have many more stations reporting than for greater offsets. Eventually the entire window of 100s+75s passes all stations and the number of stations reporting is the same for all offsets. The case shown is for the Santa Cruz Island earthquake of Sept. 2, 2007. The moment magnitude of this event was 7.2 and as you can see that with theta of -5.83 (offset = 0) was a borderline slow earthquake. This is further confirmed by the graph widget which shows that the value of theta almost stays within .1 of the mean for the entire 100s of offset. 
The curve produced by the offset technique tends to fall in one of three basic types:

6. “Normal”  (Sumatra, 2007 Mw=7.1)
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Most earthquakes will fall into the above category where Theta is perhaps steady for a few tens of seconds (or less) and then falls off rapidly. In this case the source duration is ~40s. 

7. “Late” (Peru, 2001 Mw=8.4)


[image: image82]
In this case the initial phase of the rupture radiates a relatively modest amount of energy and 60s after the earthquake began a large asperity broke and the lion’s share of the energy produce by this earthquake was released. The source duration for this earthquake was on the order of 100s.

8. “Slow” (Java, 2006 Mw=7.7)
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The Java earthquake of July 17, 2007 is the new “textbook” slow earthquake. In this case the earthquake starts at very slow (Theta ~-6.2) and theta stays within .01 units for offsets greater than 20s. The source duration for the Java earthquake exceeded 140s. For curves like this, even if the value of Theta is well below the threshold for “slow”, it is an indication that the source duration is perhaps greater than what should be expected and the watchstander should consider the possibility that the magnitude of Mo is underestimated.
bb. Tremors (Mantle Wave Magnitude)

TREMORS is a software package developed by French scientists for use at the CPPT in Tahiti. TREMORS is quite impressive; from a single, quiet, three component very long period broadband seismometer, TREMORS will compute the location of the earthquake and Mw magnitude (using the Mm method).

 PTWC has a TREMORS system on site that uses the three component very broadband seismometer KIP in Kipapa gulch on Oahu. With the advent of the Mm program, TREMORS has been relegated to a backup role. The Mw obtained for KIP by the Mm program and TREMORS are usually within .1 magnitude units of each other.

4. Local Earthquake Processing (SPLERT)

AA.  Overview of SPLERT

The System for Processing Local Earthquakes in Real Time (SPLERT) is built around two integrated real-time processing systems originally written at the USGS in Menlo Park in the 1990’s.. They are known as Earthworm (Johnson, Bittenbinder, etc. 199?), and Earlybird (Bruce Julian, Andy Michael, 1980). The Earthworm/Earlybird system at the USGS in Menlo Park, Ca. (Gee et al, 2003). All of this code was later updated for Y2K, and to fix a number of bugs, at the USGS in Menlo Park, and at the PTWC in 1999.

To supplement PTWC’s local seismic data streams, and for backup purposes, the USGS HVO (Hawaii Volcanoes Observatory) sends real time p-wave picks, from their analog, short period network, and from newer broad band and accelerometers, to the PTWC to increase the quality of our hypocentral locations. In addition, PTWC runs an earthworm p-wave picker on PTWC and HVO seismic data, generating a second pick-stream. PTWC then associates the HVO pick stream, and the PTWC pick stream, into earthquakes in real time using binder_agl, a carefully tuned version of Carl Johnson’s real time phase associator (). This version of Binder is significantly different from the Earthworm version because it was tuned very carefully using many years of real time data at the ISGS in Menlo Park, Cal. (OFR), REFERENCES. Binder provides the PTWC with Hypocentral locations within 10-20 seconds, depending on the network density near the event, of the origin time of the earthquake. 

In addition to associating the pick stream, binder_agl  also computes a P-wave magnitude, called pMag, also within the first 10-20 seconds of the Earthquake’s Origin Time. pMag uses the average absolute value of the amplitudes of the initial 3 half cycles of the P-wave. Using data from HVO’s 16 bit Digitizers, this magnitude scale does well up to about M3.6 or so, above which it begins to saturate. However, because our paging threshold for local earthquake alarms is M3.4, this approach has provided us with reliable pages for all earthquakes of potential interest to the PTWC from the late 1990’s to present.

AB.  SPLERT Architecture

PTWC runs a SPLERT process on both the primary and redundant systems at PTWC. SPLERT involves processes that run on the PTWC loading docks as well as the seismic processing computers (Fig. 1.). An Earthworm P-wave picker (Allen 1978, Allen et al. 1982, Dietz at. al. 1993) runs on both loading dock computers ew, and ewb under Earthworm version 6.2. The remaining Earthworm modules, and Earlybird run on the primary and redundant seismic processing machines. A hypocenter stream is also exported from the Primary machine to the WC/ATWC for Hawaii warning backup purposes (Fig. 1).
Basically SPLERT consists of three parts, the first two of which comprise the Earthworm part of SPLERT. The first of these two parts are picker and pick stream management system and the second is the associater. The third part is Earlybird which refines the hypocenters produced by the associater, computes magnitudes and issues pages to the watchstanders.
The next section will discuss each of the modules in more detail. For now, we will illustrate how the modules work together and how SPERT is tied into the overall system architecture at PTWC.
Figure 1. provides an overview of the local seismic data flow. PTWC receives seismic datastreams from its own network and that of USGS Hawaiian Volcano Observatory. The HVO data comes to PTWC via two different and independent pathways. The primary loading dock ew imports HVO data via the CREST dedicated network. The redundant loading dock ewb imports data via the Inter-Island Data Network (IDN) which is maintained by the PDC. The two datastreams are not identical and hence the loading docks swap data with each such that each has the full complement of data that is being imported into PTWC.
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Figure 1.  SPLERT Local Seismic Data Flow.  Seismic data (seismograms) from the USGS Hawaiian Volcano Observatory (HVO) Local Seismic Network flow in real time to ew and to ewb via two independent routes. One route is via the Pacific Disaster Center (PDC) dedicated intranet, and the other is via the CREST dedicated intranet. Seismic data from the PTWC Local Seismic Network are sent directly to ew and to ew from the field, or to ew and to ewb  via the Antelope system running at the PTWC. The PTWC also sends a subset of local seismic data to the HVO. (Not shown on this figure.)

The Earthworm real time P-wave picker (Allen, Ellis, Rodriguez, 19xx, Allen 78, Allen 82, Kohler 1993, Dietz et. al. 1993) pick_ew (Fig. 2.), runs on both ew and ewb and examines all of the incoming local seismograms (from HVO and PTWC seismometers) and produces a stream of parametric data. The parametric data (Table 1.) derived from these seismograms by pick_ew is then sent to the seismic processing machines for subsequent real time processing (see the module summaries below for more detail) an export_generic module. Three ertm (earthworm real-time manager) processes send waveform data to the seismic processing machines.

[image: image85]
Figure 2. Loading Dock local seismic processing under Earthworm. The Primary loading dock is called ew, and the redundant loading dock is called ewb. Three earthworm imp_scn module import local seismic data from the HVO, the PTWC local seismic network, and from ew into a shared memory ring on ewb called WAVE_RING_HVO. 
Table 1. Format for the Parametric data from the earthworm P-wave Picker.

1   2   3   4        5  6  78     9                  10        

---------------------------------------------------------------------            

10 28  15 3199 CAC   HVVHZ D0
20081125233735.32  3853       0       0

10 71   9 9459 HPO   PTHNZ U2 
20081126094322.88   172     159     148

KEY:

1

Earthworm Type. (eg., 10 for a PICK_2K Message Type).

2

Earthworm Module. (eg. 28 for HVO’s p-wave picker).

3
     Earthworm Installation (eg. p for PTWC, 15 for HVO, etc.)

4


Pick index number.

5


Network code (eg. “HV” for HVO, “PT” for PTWC, etc.)

6


Component code.

7


Direction of first motion of the picket p-wave arrival.

8

Confidence that the Picker has in this p-wave arrival time                               pick. (0 is best.)

9

Year, Month, Day, Hour, Minute, and Second of p-wave arrival time (GMT)

10

The absolute values of the first 3 P-wave half-cycles after the p-time (du.)

The import_generic process running on the seismic processing computer as part of the SPLERT earthworm instance then writes it to the PICK_RING, another shared memory ring (Fig. 2). On the seismic processing computers, lulu and kaku, an import_generic module receives the pick stream from the loading dock (ewb in the case shown in Fig. 3A) and places the picks in a pick ring where the process “feeder” makes the picks available to the associater part of SPLERT . This part is illustrated in two figures 3A, 3B.
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Figure 3A. Flow of parametric data to Seismic Processing computers. Picks are imported from HVO via the generic_client program, and from the loading dock earthworm picker via the earthworm import_generic module.
binder_agl, Caryl Johnson’s real time phase associator, extensively modified by Hirshorn and Lindh, then associates these picks into earthquake hypocenters using a 4-D stacking routine, coupled with an L1 Locator, and extensive logic for discriminating which picks belong to what earthquakes (Fig. 3B). 
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Figure 3B. Processing on the the Seismic Processing machines by SPLERT (earthworm modules).

While all of this is occurring, eqproc monitors the shared memory rings for hypocenters that pass certain criteria for subsequent processing, as well as sending out pages for any events with 10 or more associated phases, and a p-Magnitude of 3.4 or larger. HYPOINVERSE  (the same location standard L2 location program used by the HVO) which is contained in the HYP_2000 module (Fig. 3c) then relocates all events, using HVO’s site corrections, velocity models, and calibrations, and forwards all information to the earlybird (Julian, Linda, and Michael) which, among many other functions, maintains an easily searchable flat file database containing the final catalog. A suite of programs (most of which are not used by the PTWC at this time) then enable searching for earthquakes satisfying certain conditions. 
The third and final part of SPLERT is Earlybird. Earlybird is a set of computer programs that collect and automatically process earthquake data in real time. Earlybird gathers parametric seismic data generated by earthworm (or from other external sources), uses these data to compute hypocenters, magnitudes and similar attributes of earthquakes, stores data and processed results in an organized system of disk files, automatically sounds an alarm (via telephone, and pager, for example) when large earthquakes occur, and transmits earthquake data to other computers. Earlybird is used at the PTWC to collect data generated by SPLERT’s earthworm modules, but can collect it from other sources as well, including hand picked data.
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Figure 3C. Earlybird processing.
AC.  SPLERT Modules
bc. SPLERT Earthworm Modules

startstop 

This program starts the Earthworm part of the SPLERT system. Startstop reads the configuration file (startstop_sol.d) which specifies the message transport rings to be created, which modules are to be run, and the names of the parameter files each module is to read on startup. 

Startstop reads its configuration file and creates the specified memory rings. It then starts each module as a child process, passing its configuration file name, and any other parameters as its command line parameters to the module. The system continues to run until "stopsplert" is typed in a splert command window, and XXXX, YYYYY, and ZZZZ, are killed manually by the ~splert (or splert-r) user from the command line. Startstop then sets a termination flag in each transport ring. Each well-behaved module (child process) should periodically check for the termination flag, and exit gracefully if is set.
pick_ew

This is the Earthworm local picker. Pick_ew gets real-time data in the form of de-multiplexed Earthworm waveform messages (TYPE_TRACEBUF messages). The program picks each channel independently, and produces pick messages, which are sent to an Earthworm transport ring. Pick messages are produced within two seconds of the pick time. Pick_ew also measures the length of the waveform coda following a pick and coda-length messages are also sent to a transport ring. The eqproc program assigns a coda magnitude to an event using the coda lengths. Pick_ew makes two types of coda measurements: The picker reports a "normal" coda if the amplitude decays to "cutoff" in less than 144 seconds after the P-wave arrival. If the coda does not decay to "cutoff" within 144 seconds, the picker times out, reporting the observed amplitude and a “truncated" coda duration of 144 seconds. For traces with high pre-event noise levels, the picker reports a negative or "noisy" coda duration. In addition to the duration, the picker reports the average absolute amplitudes of up to six pre-determined 2-second trace windows. Pick_ew does not start searching for new picks until the coda calculation is complete. 

If the data has time gaps, pick_ew can be set up, using configuration parameters, to either interpolate through the gaps or restart itself. For time gaps up to several samples long, it is probably best to interpolate. For longer gaps, it is better to restart. The drawback to interpolating is that the data is somewhat corrupted. The drawback to restarting is that the picker will not start picking again for about one second after a restart.

Pick times are calculated using an algorithm developed by Rex Allen, in the late 1970's and early 1980's. The algorithm works well for short-period data (frequencies > 1 Hz) and has been tested extensively using data from the Northern California Seismic Network. The program tends to miss picks from teleseismic and volcanic events. S waves are occasionally picked, but most of the picks are first-arrival P waves. If the program is used in regions other than Northern California, pick parameters may need to be modified, or another algorithm may be needed. 

In addition, Jim Pechmann of the University of Utah has run extensive tests of the Earthworm picker. He has written up some suggested picker parameter changes for use with analog and broadband data streams.
Binder_agl

Given a list of P-wave arrival times, a set of station locations, and a simple velocity model, binder's job is to identify the smallest set of hypocenters that could have produced the current list of arrival times.  With each new pick, binder tries to:

  1) Associate that arrival to an active event, or 

  2) identify a new event by stacking the back-projections of P-wave 

     travel times on a space-time grid to find a likely source (hypocenter) 

     for recent unassociated picks.

How does binder identify new earthquakes, or what does "stacking" mean? Binder needs to find the likely origin, in space and time, of a group of P-wave arrivals. Given a single P-wave arrival (call it the "initiating pick"), binder considers the entire volume of the earth to be a potential hypocenter. The addition of a second P-wave arrival gives binder information on relative timing; so it can narrow the field of possible hypocenters to a 3-dimensional surface. To determine this surface, binder essentially takes the P-wave travel-time curve, puts the origin of the curve at the station's location, flips the curve upside down (about a horizontal axis), shifts it in depth considering the relative timing between the two picks, and spins the curve around a vertical axis. This creates a conic-like surface (somewhat like a Hollyhock flower opening down) that passes through all possible hypocenters that could have produced that second arrival, given the timing of the first. 

Binder calculates the "hollyhock" of potential hypocenters for each subsequent pick in the same manner, always using the initiating pick's time as the reference time. If the initiating pick time is bad, then the “stacker” routine will not stack other picks with it. When the "hollyhocks" from two arrivals overlap, you get a line of potential hypocenters that is consistent with the both new picks and the initiating pick. The point where three or more individual "hollyhocks" intersect is a unique hypocenter (stacking location) that can explain all of those arrivals, including the initiating pick.  At this stage, with four P-wave arrival times, binder has successfully "stacked" a new "active event." Instead of considering an infinite number of possible hypocenters, binder discretizes the problem by using a stacking grid.  Within its boundaries, the grid contains uniformly sized cubic cells.  Only the center point of each grid cell is considered a possible hypocenter in the stacking process described above. (The 4 dimensions of the grid are latitude, longitude, depth, and time.)  This “stacker” associates (or binds) these four picks into an event and passes those picks and the stacking location to its L1 locator for further processing. The L1 norm is the norm associated with median based (as opposed to the L2 norm, or mean based) statistical analysis of the data. The median absolute difference, or MAD, measures the scatter of the observations about the median, as opposed to the RMS, or Root-Mean-Square, measure of scatter about the mean).  A location program based on the L1 norm is more robust in that it is less sensitive to outliers than is a location program based on the L2 norm, or mean. based on the mean. If a bad pick time makes it this far, then  the L1 locator (which is not as sensitive to outliers as a standard L2 norm is) will reject the pick once other, self-consistent picks arrive. Also, there is an “asses_pick” routine which takes every possible combination of the picks from the stack, calculates each set’s median, and then chooses the best fitting of these median as a starting location. For this reason, 
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Figure 4. 2D slice through the 4D space searched by the stacker in binder_agl. The numbers indicate the number of “hits” associated with with each 4D cell, which in turn represents the probability that the hypocenter is within this cell. The numbering system goes from 0 to 9, then a to z, from lowest to highest probability. (l, 0, and o are omitted to avoid confusing a 1 with an l, or O for o, etc!)
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Figure 5. 3D view (lat, long, hit count) of the 2D space of Fig 4.
eqproc

Eqproc is the first process in the earthquake-processing mega-module (sometimes referred to as "the sausage") that produces final earthquake locations for the SPLERT system. Only eqproc, the first link in the mega-module, is listed in startstop's configuration file to be started by startstop. Eqproc then starts the next process, specified in its "PipeTo" command, and communicates with it via a one-directional pipe. Each newly created sub-module starts the next link in the same way. From startstop's point of view, the whole mega-module inherits the name of the first link (eqproc) and that's the only name it displays. From statmgr's point of view, all processes within the mega-module share one module id, one heartbeat, and one descriptor file. However, each sub-module has its own configuration file and its own log file.

After starting up the next link in "the sausage," eqproc's main job is to gather information from picker(s) and binder, to decide when binder has completed a given event, to assemble all the information related to that event, and to pass it on to the next event-processing sub-module.

Eqproc collects messages from the picker(s) (TYPE_PICK2K and TYPE_CODA2K) and from binder (TYPE_QUAKE2K and TYPE_LINK). A TYPE_PICK2 message contains an observed P-wave arrival-time and amplitude for a given seismic channel along with the installation id, module id, and pick sequence number; the picker releases the pick message within ~3 seconds of a P-wave detection. A TYPE_CODA2 message contains coda duration and amplitude information along with the installation id, module id, and sequence number of the pick it relates to; the picker releases the coda message up to 144 seconds after its corresponding pick message. A TYPE_QUAKE2K message contains an event id number, origin time and hypocenter; binder issues a new quake message each time it associates a new pick with [or deletes pick(s) from] a given event id. A TYPE_LINK message contains an event id, an installation id, a picker module id, a pick sequence number and a phase identifier; binder issues a new link message for every pick it associates with (or deletes from) an active event.

eqbuf

Eqbuf is a sub-module in SPLERT’s Earthworm event-processing mega-module eqproc. It is generally the second link in the mega-module and is started by the first link (eqproc). Eqbuf in turn starts up the third link (eqcoda) and communicates to it via a one-directional pipe. Once the third link is started, eqbuf's job is simply to buffer all the messages output by the process that started it. This allows the "head" module to produce events as fast as it cares to while allowing the "tail" of the mega-module to take its time finishing the event-processing. Eqbuf never looks inside a message, it just passes them thru as they are.

eqcoda

Eqcoda is a sub-module in SPLERT’s Earthworm event-processing mega-module. It processes the event messages output by either eqproc or eqprelim, and writes its own output in a format that can be read by either eqverify or hyp2000_mgr. Eqcoda is often the third link in the mega-module, started by eqbuf. It could, however, be started directly by  eqproc. Eqcoda in turn starts the next link specified in its "PipeTo" command and communicates to the next link via a one-directional pipe.

Once the next link is started, eqcoda's job is to read the TYPE_EVENT2K messages produced by either eqproc, perform some coda envelope calculations, build a TYPE_HYP2000ARC message, and pass it on to the next link in the mega-module. Eqcoda passes all message types other than TYPE_EVENT2K directly to the next link without modifying them in any way.

Eqcoda's calculations produce a coda duration and coda weight for each arrival in the event. These numbers will be used by hypoinverse to calculate duration magnitude. Eqcoda considers binder_ew's event location and pick_ew's coda amplitude and duration information in its calculations. Pick_ew reports the coda duration as the time from the P-arrival to the time when the average absolute amplitude of a 2-second trace data window reaches "cutoff" digital counts, where "cutoff" is specified for each channel in the station file (for the Northern California Seismic Network, this cutoff value is defined as the counts equivalent to a discriminator output of 60 mV). Pick_ew reports a "normal" coda if the amplitude decays to "cutoff" in less than 144 seconds after the P-wave arrival. If the coda does not decay to "cutoff" within 144 seconds, pick_ew times out, reporting the observed amplitude and a "truncated" coda duration of 144 seconds. For traces with high pre-event noise levels, pick_ew reports a negative or "noisy" coda duration. In addition to the coda duration, pick_ew reports the average absolute amplitudes (in digital counts) of up to six pre-determined 2-second trace windows.

Eqcoda finds the rate of the coda decay by performing an L1 fit to the coda amplitudes reported by pick_ew. Any coda amplitudes that precede the predicted S-wave arrival time or that exceed the coda clipping threshold are not included in this L1 fit. Eqcoda arrives at a quality or "coda weight" for this seismogram by comparing the calculated decay rate to the rate expected for real earthquake signals and by analyzing the quality of the fit to the observed data.

For "normal" codas, eqcoda reports the coda duration observed by pick_ew. For "truncated" and "noisy" codas, eqcoda reports an extrapolated coda duration, using the calculated coda decay rate to estimate the time at which the signal's amplitude would have reached the coda cutoff level. For extrapolated coda lengths to be consistent with "normal" coda lengths reported by pick_ew, be sure that both eqcoda and pick_ew read the same station file.

hyp2000_mgr

Hyp2000_mgr is SPLERT’s Earthworm program that calls an encapsulated version of hypoinverse (hyp2000), written by Fred Klein, at USGS Menlo Park. Hyp2000_mgr gets "arc messages", containing associated picks, via a pipe from another program. Hyp2000_mgr call hyp2000 with the contents of the "arc message". Hyp2000 locates the event. Hyp2000_mgr then creates a new "arc message" with the location results from hyp2000 and sends that arc message to an Earthworm transport ring.

bd. SPLERT EARLYBIRD Modules
Earlybird is a set of computer programs that collect and automatically process earthquake    data in real time. Earlybird gathers parametric seismic data generated by earthworm (or from other external sources), uses these data to compute hypocenters, magnitudes and similar attributes of earthquakes, stores data and processed results in an organized system of disk files, automatically sounds an alarm (via telephone, and pager, for example) when large earthquakes occur, and transmits earthquake data to other computers. Earlybird is used at the PTWC to collect data generated by SPLERT’s earthworm modules, but can collect it from other sources as well, including hand picked data.

watchHVO

Two instances of watchHVO run all of the time on each of two operational seismic computers. On the Primary computer (lulu), these two programs are called watchHVO1_PIX, and watchHVO1_HYP. On the Redundant computer (kaku), they are called watchHVO2_PIX, and watchHVO2_HYP. 

The watchHVO programs watch the pick and hypocenters streams exported by HVO by    noting the  modification  times of certain files that pick and hypocenter import programs periodically “touch” when they are running  properly. If any file has not been touched recently enough, watchHVO sends a message the paging system, which notifies the watchstanders via their digital pagers.  As long as the file remains un-touched, watchHVO will continue to send messages periodically.  When the file is next touched, watchHVO sends a page announcing that fact. The names of files to check, the maximum ages they are allowed to have, the messages to send, and the frequency with which to send them, are hard-coded into a table within the watchHVO program.

birdfeeder

Birdfeeder starts a background process that runs continuously, looking periodically (once per second) in the directory /xxx/xxx/xxx/xxx/ for earthquake data files from the EARTHWORM part of SPLERT, and submitting them to the EARLYBIRD part of SPLERT for processing and archiving. It also saves files in the directory /fff/fff/ff/ff; old files should be removed periodically by hand.

earlybird

Earlybird saves SPLERT’s Earthworm data and initiates additional earthquake processing. Earlybird starts a background process that listens on a socket for Earthworm data from SPLERT’s  Earthworm, enters these data into disk files, and runs the ebspool program to queue the files for processing. It also keeps raw copies of the most recent 500 files received, for error recovery and debugging purposes. 

In addition to collecting data, earlybird also monitors  its own  operation.   

ebspool

Ebspool queues the hypoinverse-format archive_files (such as are generated by the  Earthworm system) for processing by the ebdaemon  and  ebproc  programs. Ordinarily, the earlybird  program  runs  ebspool whenever the Earthworm system detects an earthquake. spooled  files will be processed the first time ebspool is invoked without this option.

ebdaemon

Initiates the processing of spooled earthquake data by EarlyBird. Ebdaemon repeatedly runs the ebproc command to sequentially processes files from the EarlyBird system that were previously spooled by the ebspool command. Ordinarily ebdaemon is started     automatically by ebspool whenever it spools a file. ebdaemon creates a lock file whenever it starts, and uses this file to prevent multiple daemons from running simultaneously.

ebproc
Ebproc processes EarlyBird data files by entering data from the named file  into  the  EarlyBird directory/flat file database.  The earlybird  program runs ebproc indirectly, via the ebspool and ebdaemon programs,  whenever it receives data (e.g.  from the Earthworm system). Ebproc handles four types of files, which it  recognizes  by the last four characters  of their filenames:

      filename.arc

          Data archives (hypoinverse  format)  describing  earth-

          quakes and associated observations.

      .ar1

          Data  archives  (hypoinverse  format)  for  preliminary

          earthquake reports.

      .mag

          Earthquake magnitude reports.

      .ins

                    Data-base instructions.

AD. Using SPLERT

be. Starting and Stopping SPLERT

When you log onto lulu (Primary) or kaku (Backup), as user splert or splert-r, respectively, eg. by typing

           slogin –l splert lulu

 the following files in the user splert’s home directory will execute automatically:
          /home/splert/.cshrc    (   .aliases
                                             (   .splert_opsrc 

          /home/splert/.login

These will set some up some of SPLERT’s environment variables, aliases etc. 

You must then run the command setsplert , which will execute the  .splert_sparc.cmd  to create the rest of the SPLERT environment. 

HOW TO START SPLERT

A) As user twseis on lulu (twseis-r on kaku):

          Log on to lulu (primary seismic machine) as twseis. 
          1.) Make sure the local-eq process is running (Look at NEXUS Monitor)

     B) As user splert on lulu (twseis-r on kaku):

              Log on to lulu (primary seismic machine) as splert. 
         Make sure that SPLERT is not running. If it is, STOP it (see section below).

         Type  the command:    SPLERT.

HOW TO STOP SPLERT

1.) You must first run the command stopsplert . This command will stop the Earthworm portion of SPLERT.
You will see the following output:

Mon May 15 01:24:22 GMT 2006

YOU MUST "kill <pid>" THE FOLLOWING 3 JOBS:

------------------------------------------

     UID   PID  PPID  C    STIME TTY      TIME CMD

splert-r 15290     1  0   May 13 pts/37   0:00 birdfeeder-r -server kaku -port 17010

splert-r 15320     1  0   May 13 pts/37   0:00 feeder-r

splert-r 15282     1  0   May 13 pts/37   0:00 earlybird-r

pau:  Set termination flag in <PICK_RING>,  key:1005

pau:  Set termination flag in <HYPO_RING>, key:1015

Mon May 15 01:24:22 GMT 2006 

/home/splert-r

Mon May 15 01:24:22 GMT 2006

--------------------------

-rw-rw-r--   1 twseis-r ops            0 May 15 01:24 /home/splert-r/run/log/Last_HVO_PIX_HeartBeat

                      ------------

Mon May 15 01:24:22 GMT 2006

    USER   UID   PID  PPID S TT         STIME     ELAPSED        TIME  VSZ COMMAND

splert-r   508 15320     1 S pts/37    May_13  1-02:36:01        0:00 1744 feeder-r

[1]   Done                 startstop startstop_sol_SPLERT-r.d >> & /home/splert-r/run/log/startstoplog.log

NOTE: If next line reads "ERROR: tport_attach...", Earthworm is not running.

      Sent request for status; waiting for response...

Earthworm may be hung; no response from startstop in 10 seconds.

       UID   PID      PPID    C    STIME    TTY          TIME CMD

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

 LOOK FOR 2 PROCESSES:

 ----------------------

twseis-r 14825     1  0   May 13 pts/44   0:00 watchHVO2_PIX

twseis-r 28480     1  0   Apr 06 ?            1:01 /home/twseis-r/bin/BackupPIXclient 130.118.88.51 5461

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

 LOOK FOR 1 PROCESS:

 ----------------------

splert-r 15320     1  0   May 13 pts/37   0:00 feeder-r

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

 LOOK FOR 10 PROCESSES:

 ----------------------

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

 LOOK FOR 1 PROCESS:

 ----------------------

splert-r 15290     1  0   May 13 pts/37   0:00 birdfeeder-r -server kaku -port 17010

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

 LOOK FOR 1 PROCESS:

 ----------------------

splert-r 15282     1  0   May 13 pts/37   0:00 earlybird-r

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

MOST RECENT PICKS FROM HVO:

---------------------------

[eqp_pick2k]: ascii pick2k msg from binder:  10 28 15 7510 DES   HVVHZ D1  20060514151103.86      376     

[eqp_pick2k]: ascii pick2k msg from binder:  10 28 15 7511 HUA  HVVHZ D0  20060514151108.93    5017        

[eqp_pick2k]: ascii pick2k msg from binder:  10 28 15 7512 PPL   HVVHZ  U0  20060514151200.48      378        

[eqp_pick2k]: ascii pick2k msg from binder:  10 28 15 7513 PLA   HVVHZ  U1  20060514152144.83      485       

[eqp_pick2k]: ascii pick2k msg from binder:  10 28 15 7514 MLO  HVVHZ  U0  20060514152216.73     857        

MOST RECENT PICKS FROM EW at PTWC:

----------------------------------

[eqp_pick2k]: ascii pick2k msg from binder:  10 70  9 1887 SPD  HVEHZ U2  20060515011329.01       77      

[eqp_pick2k]: ascii pick2k msg from binder:  10 70  9 1888 DES  HVEHZ   0  20060515012100.89     784     

[eqp_pick2k]: ascii pick2k msg from binder:  10 70  9 1889 HUA HVEHZ   2  20060515012155.37     176     

[eqp_pick2k]: ascii pick2k msg from binder:  10 70  9 1890 SPD  HVEHZ D2  20060515012211.00       91      

[eqp_pick2k]: ascii pick2k msg from binder:  10 70  9 1891 HKL  PTSZ   D2  20060515012312.12      626     

Mon May 15 01:24:32 GMT 2006

splert-r 1  0   May 13 pts/37   0:00 birdfeeder-r -server kaku -port 17010

splert-r 1  0   May 13 pts/37   0:00 feeder-r

splert-r 1  0   May 13 pts/37   0:00 earlybird-r

2.) 
kill -9 15290 15320 15282

3.) 
 /home/splert/bin/checkSplert2 | more     

               
 to make sure that all of the processes except for PIX and watch_HVO* are gone.

          ONLY STOP THE FOLLOWING 2, DATA GATHERING SPLERT MODULES IF THE COMPUTER MUST BE REBOOTED. You must be user twseis (or twseis-r on the backup machine) to do stop them. They will otherwise keep reading parametric data from HVO into files which will be processed by SPELRT when it is restarted.

4.)
 slogin –l twseis lulu         (or go to a ~twseis window)
5.) 
 psg watch     and      kill -9 processID if it exists.
6.) 
 psg PIX        and      kill -9 processID if it exists.
7.) 
 psg HYP       and      kill -9 processID  if it exists.
8.) 
 /home/splert/bin/checkSplert2 | more

bf. Checking SPLERT’s status
Run the command:    /home/splert/bin/checkSplert2 | more

Sun Feb  5 02:06:30 GMT 2006

/home/splert-r

Sun Feb  5 02:06:30 GMT 2006

    ---------------

-rw-rw-r--   1 twseis-r ops            0 Feb  5 02:05 /home/splert r/run/log/Last_HVO_PIX_HeartBeat

                                        ------------

Sun Feb  5 02:06:30 GMT 2006

    USER   UID   PID  PPID S TT         STIME     ELAPSED        TIME  VSZ COMMAND

splert-r   508  3457     1 S pts/40    Nov_03 94-00:17:40        0:34 1736 feeder-r

NOTE: If next line reads "ERROR: tport_attach...", Earthworm is not running.

      Sent request for status; waiting for response...

                    EARTHWORM SYSTEM STATUS

        Hostname-OS:            kaku - SunOS 5.8

        Start time (UTC):       Thu Nov  3 01:48:46 2005

        Current time (UTC):     Sun Feb  5 02:06:31 2006

        Disk space avail:       3884249 kb

        Ring  1 name/key/size:  PICK_RING / 1005 / 1024 kb

        Ring  2 name/key/size:  HYPO_RING / 1015 / 1024 kb

         Process  Process           Class/    CPU

          Name      Id     Status  Priority   Used  Argument

         -------  -------  ------  --------   ----  --------

       startstop    3440   Alive    RT/ 4     0:00

      binder_agl    3441   Alive    TS/ 0    82:44  binder_agl.d

        eqproc-r    3446   Alive    TS/ 0     0:12  eqproc-r.d

  import_generic    3453   Alive    TS/ 0     0:15  import_ptwcPICKS.d

     UID   PID  PPID  C    STIME TTY      TIME CMD

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

 LOOK FOR 2 PROCESSES:

 ----------------------

twseis-r 13641     1  0   Jan 08 pts/20   0:00 watchHVO2_PIX

twseis-r  2752     1  0   Jan 26 pts/20   0:21 /home/twseis-r/bin/BackupPIXclient 130.118.88.51 5461

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

 LOOK FOR 1 PROCESS:

 ----------------------

splert-r  3457     1  0   Nov 03 pts/40   0:34 feeder-r

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

 LOOK FOR 10 PROCESSES:

 ----------------------

    root  3440   510  0   Nov 03 pts/40   0:00 startstop startstop_sol_SPLERT-r.d

splert-r  3453  3440  0   Nov 03 pts/40   0:15 import_generic import_ptwcPICKS.d

splert-r
3441  3440  0   Nov 03 pts/40  82:44 binder_agl binder_agl.d

splert-r
3446  3440  0   Nov 03 pts/40   0:12 eqproc-r eqproc-r.d

splert-r
3448  3447  0   Nov 03 pts/40   0:04 eqbuf eqbuf-r.d

splert-r
3447  3446  0   Nov 03 pts/40   0:00 sh -c eqbuf eqbuf-r.d

splert-r
3449  3448  0   Nov 03 pts/40   0:00 sh -c eqcoda eqcoda-r.d

splert-r
3450  3449  0   Nov 03 pts/40   0:00 eqcoda eqcoda-r.d

splert-r
3452  3451  0   Nov 03 pts/40   0:23 hyp2000_mgr-r hyp2000_mgr.d hawaii2000-r.hyp

splert-r  3451  3450  0   Nov 03 pts/40   0:00 sh -c  hyp2000_mgr-r hyp2000_mgr.d hawaii2000-r.hyp

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

 LOOK FOR 1 PROCESS:

 ----------------------

splert-r  3436     1  0   Nov 03 pts/40   0:01 birdfeeder-r -server kaku -port 17010

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

 LOOK FOR 1 PROCESS:

 ----------------------

splert-r  3428     1  0   Nov 03 pts/40   0:04 earlybird-r

 ------- ----- -----  - -------- -------- ---- ----------------------------------------------------

MOST RECENT PICKS FROM HVO:

---------------------------

[eqp_pick2k]: ascii pick2k msg from binder:  10 28 15  498 RIM  HVVHZ U0  20060204155823.21    6039       

[eqp_pick2k]: ascii pick2k msg from binder:  10 28 15  499 AHU  HVVHZ U0  20060204155823.49    3874       

[eqp_pick2k]: ascii pick2k msg from binder:  10 28 15  500 NPT  HVVHZ D0  20060204155823.35    1751       [eqp_pick2k]: ascii pick2k msg from binder:  10 28 15  501 OTL  HVVHZ D0  20060204155823.15    7192       

[eqp_pick2k]: ascii pick2k msg from binder:  10 28 15  502 RIM  HVVHZ D0  20060204160009.71    1825        

MOST RECENT PICKS FROM EW at PTWC:

----------------------------------

[eqp_pick2k]: ascii pick2k msg from binder:  10 70  9 5797 HPO  PTSZ  U0  20060205020358.25     849     [eqp_pick2k]: ascii pick2k msg from binder:  10 70  9 5798 HPO  PTSZ  U0  20060205020440.41     881     

[eqp_pick2k]: ascii pick2k msg from binder:  10 70  9 5799 HPO  PTSZ  U3  20060205020452.46     695     

[eqp_pick2k]: ascii pick2k msg from binder:  10 70  9 5800 HPO  PTSZ  U0  20060205020507.52     767    

[eqp_pick2k]: ascii pick2k msg from binder:  10 70  9 5801 SPD  HVEHZ U1  20060205020625.84     275     

Sun Feb  5 02:06:32 GMT 2006

bg. HOW TO MAKE CHANGES TO SPLERT

lxxi. Adding new seismic channels to SPLERT.

A.) Under EARTHWORM on the 2 Loading Docks:

  i.)   On ew, as user earthworm, add the new channels to pick_ew.sta in  /home/earthworm/run6.2/params, AFTER SAVING A COPY OF THE ORIGINAL pick_ew.sta FILE.
       Then stop and restart EARTHWORM.

 ii.)   On ewb, as user earthworm, add the new channels to pick_ew.sta in /home/earthworm/run6.2/params, AFTER SAVING A COPY OF THE ORIGINAL  pick_ew.sta FILE.
       Then stop and restart EARTHWORM.

B.)  Under SPLERT on the 2 Seismic Processing Machines:

  i.)  On lulu, as user splert, add the new channels to hawsta.hinv in /home/splert/run/params, AFTER SAVING A COPY OF THE ORIGINAL hawsta.hinv FILE.
       Then stop and restart EARTHWORM.

ii.)    On kaku, as user splert-r, add the new channels to hawsta.hinv  in  /home/splert-r/run/params, AFTER SAVING A COPY OF THE  ORIGINAL pick_ew.sta FILE.
       Then stop and restart EARTHWORM.
AE. Local-eq

The results of SPLERT and the SynML processing systems are displayed on the Local-eq GUI.  The local-eq GUI receives HYP and ARC messages from the pick_server process running in SPLERT’s earthworm instance. The pick_server process will share local  pick, HYP and ARC messages with any process on port 18600. 
The Local-eq GUI is a Tk program that connects to pick_server on port 18600 and processes the HYP and ARC messages and displays the essential results on the GUI. Messages containing a SynMl magnitude results in pop-ups generated by the Local-eq GUI.  Clicking on these pop-ups loads all of the necessary parameters into the COMF needed for generating a TIS statement. The Local-eq GUI is shown below. 
The label widget in the top left displays either “Not CONNECTED” or “CONNECTED” to indicate if Local-eq is connected to pick_server.  Each line in the Loca-eq GUI is a hypocenter generated by SPLERT. You will note that the basic quality parameters, number of stations, RMS, azimunth gap, etc. and the pMag magnitude are present. Hypocenters less than five minutes old are indicated with green text, and if the quality parameters are excellent, the lettering is red as is the earthquake that occurred at 13:11 July 2, 2011 UTC. Entries in the Local-eq GUI older than 5 minutes have darkviolet lettering.
Clicking on any entry in the Local-eq GUI writes the hypocenter information to the COMF file and brings up a map showing the distribution of stations that contributed P-times used to find the hypocenter.The entry for the earthquake that occurred at 13:11 was clicked on and generated the map shown below. Stations contributing P-times appear as yellow trianlges. The epicenter is shown by a small blue circle, In this case the earthquake occurred on the Kona Coast of the Big Island. The red dots and green triangles show the location of sea-level stations and runup detectors respectively. The depth of the earthquake is indicate on the scale at the top right.
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The SynMl popups are generated at specific intervals following the earthquake. The Quick SynMl is generated within 45s of the earthquake and can be used as the basis of the heads-up call over the HAWAS to Civil Defense if the SynMl is based on 10 or more components (seismic traces) with a magnitude of ~4.0 or larger.  Magnitudes based on fewer components and with a large standard deviation should be taken with a grain of salt. At 120s and 180s, the “Preliminary” and “Intermediate “SynML” are generated. These should show more components being used to compute the SynMl. At 204s the “Final” SynMl is generated, for by this time all of the Hawaii seismic data should be available. For Big Island earthquakes, the “Preliminary” SynMl is usually a good enough magnitude for Local TIS. If the “Final” SynML is much different, the TIS could be revised.
Clicking the “Write” button on the pop-up loads all of the parameters needed to issue a TIS. SynML is valid up to magnitudes of about 6.0, and hence should not be considered authoritative much beyond 5.5. Once the earthquake magnitude is > 5.5, Mwp should be run to compute a more authoritative magnitude.
5. Sea-Level Data Processing

AF.  Tide Tool
Tide Tool is created by the Tide.tcl script, which is based on the Tcl/Tk extension called “BLT”. Tcl/Tk is an open source, platform-independent software package. Tcl/Tk at its heart is a robust shell programming language (tclsh) with a powerful, graphical toolkit (wish) (Appendix I). getTide is an additional BLT script that can be used to read and analyze old sea-level data log files. Tide.tcl provides end users with the ability to decode, display, and manipulate sea level data broadcast over the Global Telecommunications System of the World Meteorological Organization (WMO).  Data are continuously downloaded directly from the GTS to a data file, which is then decoded and displayed.  A version is also available using a non-GTS ‘ftp’ data transmission protocol in Linux and Windows XP/Vista for tsunami centers without GTS links (Appendices II and III).  The ‘ftp’ method should be considered non-operational if commercial internet service is utilized since connection reliability and timeliness, especially during tsunami emergencies, cannot be guaranteed.
The software application was originally developed by the US NOAA NWS Pacific Tsunami Warning Center to provide an operational tool for the real-time continuous tsunami monitoring in the Indian Ocean.  Its primary users would be National Meteorological and Hydrological Service (NMHS), or other agencies with a down link from the GTS or to a data file containing those data formatted in a similar manner.  It has been tested under UNIX, LINUX, Windows 2000, XP, and Vista environments in Indonesia, Malaysia, the IODE (Belgium), ITIC and at the PTWC.  

The software is easily modified for changes in sea-level message formatting and the addition of sea-level stations.  The primary use of this software is as an operational program run by tsunami warning centers, or other agencies, that need to continuously monitor sea levels.  Mouse-clickable functions include the expansion of the time series, and measurement of the arrival time, wave height and wave period from the incoming signal.

Tide Tool V7.0 comes with dynamic map “clients” which allow users to select individual stations for display. The clients have a “zoom” feature that allows users to select an area on the map client and enlarge it. Socket handlers were added to the Tide.tcl script, such that Tide.tcl becomes a server listening for requests on a designated socket. The clients connect to Tide.tcl over this socket.

bh. Configuration 

For Decoder

To execute Tide.tcl, you must run the bltwish.exe program. Note that bltwish24.exe is an alias to bltwish.exe, so either can be used.  UNIX users can turn the Tide.tcl script into an executable by making the first line in the script:

#!/full_path/bltwish  and then making the script executable (chmod u+x Tide.tcl).

When the bltwish console appears, just type source Tide.tcl and the program should start. Alternatively, you may type bltwish Tide.tcl on a command line to start the program. 

For Windows PC users, another easy way to start Tide.tcl and the Map clients without having to open a console to type the command is to simply drop the script onto a bltwish24.exe icon.  To do this, create a short cut/alias of bltwish24.exe and place it as an icon on the desktop.  To run Tide.tcl and the map clients, highlight the tcl script from the directory where they reside and move/drop it onto the bltwish24.exe icon to start the script.

There are 13 customizable parameters. You can assign their values at the top of the Tide.tcl script. getTide also uses the same parameters. The assignment statements are already placed near the top of the script. They have the form:

set parameter “”

If nothing is placed between the “”, default values will be used or some features will be disabled. You must however specify the filename parameter.

The 13 parameters are:

1. filename: Tide.tcl assumes the log files which contain the GTS (WMO) data are in the form rootJJJYY.log where JJJ is a three digit Julian day and YY is the two digit year. The filename includes the path and filename suffix or root, and should be specified as path/root. Note that the ‘\’ is a special character in the Tcl world and must be escaped.  Therefore if you use the backslash in the path specification, it must be written as ‘\\’ otherwise the path will be garbled. The filename parameter must be set otherwise Tide Tool will not work.

An example from PTWC’s implementation of Tide Tool is:

set filename “/data/logs/nmc/sr”

where /data/logs/nmc/ is the path and sr is the root. Hence the filename of a log file for day 116, 2006 is /data/logs/nmc/sr11606.log .

2. dirname: Tide.tcl also has the ability to write the decoded tide data to files. The decoded data files have the syntax: station.gauge.JJJ where JJJ is Julian day. The data is arranged in a two-column ASCII format: time in fractional Julian day and sea-level height in meters. To enable this feature you must define the “dirname” parameter in the script. This parameter specifies where the decoded tide data is written. If this parameter is not specified decoded data will not be written to your system. 

An example from PTWC’s implementation is:

set dirname  “/home/stuart/Tide/2009/”

Note: This directory must be created before running Tide.tcl; it will not be created for you. 

3. hardirname: Tide.tcl will now de-tide the decoded sea-level messages. The files that contain the harmonic coefficients have the naming convention station_code.tide.coeffs. They are to be placed in the directory specified by the hardirname variable.

An example from PTWC’s implementation is:

set hardirname “/home/stuart/Tide/Tide_Coeffs/”

4. metadata_filename: The full pathname for the metadata file which determines which stations to decode and display. If not specified, “./TideTool_MetaData is assumed.

An example from PTWC’s implementation is:

set metadata_filename “./COMP_META”

5. mapdirname:  Tide Tool can now display maps showing the geographical context in which the sea-level station lies. These maps contain a lot of information and they will be described later in this document.

An example from PTWC’s implementations:

set mapdirname "/data/ttt_dbase/geoware/maps/"
6. tilelistfile: This specifies the name of a file which contains station-sensor code pairs. After Tide Tool is finished with its initial read of the logfile after startup it will automatically tile the screen with displays corresponding to those stations.

An example from PTWC’s implementation is:

set tilelistfile “/home/stuart/Tide/Tile_List”

7. record_filename: You can now record measurements of sea-level heights and those measurements will be written to the file specified by record_filename.

An example from PTWC’s implementation is:

set record_filename “../observations”
8. error_log: Messages with bad time stamps, improper formats and unrecognized headers will be written to the file specified by error_log.

An example from PTWC’s implementation is :

set error_log “Error_log”
The actual logfiles will be error_log.jd  where jd is Julian Day.

9. printer_command: Tide Tool stores the latest 100 messages from each tide station. These messages are viewable and can be made printable if the variable printer_command is set to the local system’s printer command. 

An example from my implementation is:

set printer_command “enscript –fCourier-Bold8 2> /dev/null”

10. TWC_DART_FORMAT: If this is set to “1”, Tide Tool will write the decoded DART data files using the same format as does PTWC. An example of that format is given below:

File: 55015_nha_2008.235
The filename is composed of the DART buoy number, a three letter code and the year and Julian day. The three letter code can be one of nha, tra, tha, nhb, trb, thb, which indicate normal transmission mode (nha, nhb), trigger transmission mode (tra, trb) and triggered hourly messages (tha, thb). The contents of file 55015_nha_2008.235 look like:

# DART_Tasman_Sea_55015 dtas nha 55015 NDBC NORMAL_MODE -46.9222 160.5622 2008234

# DART m UTC 15 min Water_Depth PTWC Unfiltered

# DCP_PLATFORM_ID 55015P

# Data Format: SampleTIme(seconds from midnight 1/1/1970) WaterLevel SampleTime(yyyymmddhhmmss)

1219276800  04944.306  20080821000000

1219277700  04944.378  20080821001500

1219278600  04944.442  20080821003000

1219279500  04944.504  20080821004500

1219280400  04944.556  20080821010000

1219281300  04944.602  20080821011500

1219282200  04944.643  20080821013000

1219283100  04944.670  20080821014500

1219284000  04944.694  20080821020000

1219284900  04944.709  20080821021500

1219285800  04944.708  20080821023000

1219286700  04944.700  20080821024500

1219287600  04944.684  20080821030000

1219288500  04944.659  20080821031500

1219289400  04944.625  20080821033000

The first column is the epochal time (seconds since midnight 1/1/1970), the second is the water column thickness in meters and the right column is the human readable time at the time of measurement.

11. num_buttons_row:  This parameter sets the number of buttons per row on the main decoder GUI.
12. plot_width and 13. plot_height: These parameters set the dimensions of the basic Tide Tool sea level displays like that shown below for Benoa. An example value would be 3.0i where ‘i’ stands for inches. Likewise, the dimensions can be specified as 3.0c where ‘c’ is for cm. The defaults are 7.0i and 3.0i respectively.

For Clients

The clients have 10 required parameters however, you should be able to use the clients with little modification.  The only parameters that you need to configure are the metadata_filename and Map_File_Name parameters. The parameter descriptions are as follows:

1. left_lon  and 2. rht_lon : These parameters represent the longitude limits of the map.

3. top_lat  and  4. bot_lat : These parameters represent the latitude limits of the map.

5. Image_Width_Pixels  and  6. Image_Height_Pixels: The width and height of the map in pixels. 

7. Map_File_Name : The name of the map file. As an example, for the Pacific client we specify the map file using:

set Map_File_Name  "./pacific_ocean_map.gif"
8. metadata_filename : This is the name of the metadata file (full pathname).
9. client_title : The name of the client that appears at the top of the client.
10. scale : The amount by which the selected area will expand when creating a client zoom widget. A scale value of two seems to give good results. A scale value greater than three produces somewhat fuzzy maps. You can use non-integers, but then the generation of the client zoom widget may take several tens of seconds depending on your computer.

You can certainly generate your own map files (in the GIF format) and if you change the above parameters in the client Tcl/Tk scripts you can create your own clients. For now, the clients can only do the linear/cylindrical projection. However, I expect to add the math needed to do some other common projections like the Mercator in the future.

bi. The COMP_META File

The COMP_META file is a flat file database containing a list of all stations decoded by Tide Tool. The COMP_META file has 18 columns and the metadata it contains includes the geographic coordinates for each station, and a number of parameters that facilitates the decoding of the sea-level messages. From left to right, the 18 columns are: station code, geographic name, platform ID number, WMO header, sensor type, sample rate for that sensor, number of samples for that sensor per message, observation units (F for .01ft and M for mm), a number that indicates the number of non-data fields in the data payload, time ordering (1 for chronological and -1 for reverse chronological order), a scale factor, transmission time interval, hour:minute of first transmission of the day, latitude, longitude, availability of tide coefficients for tide prediction (1 for available, 0 for unavailable), owner of the sea-level station and GLOSS ID (added at the request of GLOSS). An example is given below for the Benoa sea-level station pressure sensor.

beno  Benoa_ID  22856700  SXXX32 prs  1  30  M  3  -1   1.00   015  0007   -8.7500   115.2166  1  UHSLC  049
Any line in the metadata file that begins with “#” will be ignored. When Tide Tool starts it performs a “quality” check on the metadata file and will stop if the metadata file is not configured properly.

 One can construct a customized metadata file using just the stations of interest. An example of this is the TideTool_Metadata file that is also available at the ftp site. This metadata file is customized for the Indian Ocean. The metadata can be organized into regions of your choice by placing a region name like “SUMATRA_JAVA” on a line by itself. The region name is your choice, however, white space is not allowed, hence underscores “_” must be used instead of blank space. The presence of region names will cause the main GUI to be segmented into different regions making it easier to locate stations on the GUI. An example is given in section 3.

To be consistent, the same Metadata file (parameter ‘metadata_filename’) should be used in both Tide.tcl and the map clients (Pacific_Client.tcl, Indian_Client.tcl, Caribbean_Client.tcl).  This will ensure that the Tide.tcl station GUI (showing decoded stations) and the map client (showing dots for each station with color-coded station health) are correctly shown and updated.

bj. Operational Details

Tide Tool version 7.0 consists of two basic parts, the decoder (created by the Tide.tcl script) with the familiar main GUI containing buttons for each sea-level station. The other part is the dynamic map client. There are currently three map clients; one each for the Indian Ocean, Pacific Ocean and the Caribbean. Tide.tcl listens for requests on port 15500. Communication between the decoder and clients is two-way. The clients and decoder can send instructions back and forth. The decoder can support any number of clients, so if you choose, you can run multiple instances of the same client, or all three clients.

When Tide.tcl is started it will read data from the current day data log. Tide.tcl will keep up to ~48 hours of data. As more data arrives beyond what Tide.tcl can hold, it will discard the older data to make room for the new. 

lxxii. The Decoder

When Tide.tcl is started, the current day log file is read and decoded, a simple GUI will be displayed that has buttons for each tide station in the metadata file. After the initial scan of the current day log file Tide.tcl goes into the background. Tide Tool sleeps and wakes up every 20 seconds to see if any new data has arrived. If so, it is decoded. Once started, Tide Tool  runs continuously.

The station name is listed as a four-letter code. The stations codes are obtained from the metadata file. The gauge code is only three letters; prs stands for pressure sensor, bub indicates bubbler, enc indicates encoder, rad indicated radar, etc. More information on the gauge types can be found in section 6.C.a
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Note the lettering on the station buttons is dark violet indicating they are active. When Tide.tcl is first started, the lettering on all buttons is grey (inactive) except for the “EXIT” button. The station button section is placed on a scrollable, expandable canvas. Depending on the size and resolution of your screen, you may or may not need to scroll. Region 

names like “SUMATRA_JAVA” are yours to create and are to be placed in the metadata file as described previously.
Clicking on a button in the GUI will display a menu showing the gauges available:
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In this snap shot, the Benoa, Indonesia station was selected and the menu showing three gauges (a pressure, radar and encoder gauge ) plus two other items “Info” and “Mess” are displayed. Those will be discussed later. Four buttons, EXIT, RETILE, REPORT and UPDATE STATUS appear on the bottom. If you make changes to the file referred to by the parameter tilelistfile, clicking RETILE will retile the screen. Clicking on “UPDATE STATUS” will send station

status information to the clients. Clicking “REPORT” will generate a table showing the number of messages received for each station. The last two features will be described in greater detail later.

lxxiii. The Monitor and Zoom Widgets

Selecting one of the sensors (for example, prs, rad, enc, bub) will create a monitor widget. This shows the sea-level curve as a function of time. Clicking on the rad  (acoustic radar sensor) for the Benoa (beno) station produces a monitor widget for Benoa station sensor:
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Two curves are in the display. The green curve is the sea-level curve resulting from decoding the sea-level messages. The white curve is the de-tided sea-level curve using a tide prediction model. The tide coefficients were computed by Dr. Dailin Wang at PTWC. In some cases the available time series for the newer stations are too short to allow rigorous de-tiding. However, the bulk of the tide signal is usually eliminated. In the above figure the “TIDE” menu button has been clicked and it shows 4 options. The default is to plot both the observed and corrected tides. Other options are to show the observed or corrected separately or both with the predicted tide. On the bottom of the display, the time of the next expected transmission (Next XMT) for this station is given.

Clicking the “MENU” button produces a menu showing other sensors for this station:
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This way, you won’t have to go to the main GUI to display curves for the other sensors.

Another feature is the “DESPIKE” button. Clicking the “DESPIKE” button will run the sea-level curve through a three point median filter.  Basically, at each point, the value is replaced with the median value amongst that point and its nearest neighbors. This gets rid of solitary bad points. For spikes/glitches lasting more than one sample interval, it may not eliminate the spike/glitch. In our experience, however, this simple technique has proven to be effective in the majority of cases.

Consider the mareogram obtained at Red Dog, Alaska. Clearly this station is having some sort of software or telemetry problem:
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Clicking the “DESPIKE” button results in:  

        [image: image98.jpg]12700
oj01

TIME (UTC)





As you can see, this is quite an improvement. Also note that the “DESPIKE” button now reads “UNDESPIKE”. Clicking this button now will undo the despiking.

As new data is decoded by Tide.tcl, the monitor widget will be automatically updated to reflect the new data. The widget will only show up to ~24-48 hours of tide record. If new data is decoded for a station while a display widget for that station exists, the background of that display widget will change from black to blue for 0.6 seconds (This is lowered from 3 seconds in previous Tide Tool versions). 

What operations can you do? By using the right button or number three button on your mouse, you can draw an expanding rectangle to zoom in on a section of the sea-level curve.  Hold the right button down and move the mouse diagonally, and you will draw a thin red rectangle. When the section of curve you wish to examine is in the rectangle, release the right button, and a zoom widget will pop-up with the selected portion of time serious expanded. This was done in the earlier figure showing the monitor widget for Benoa. The resulting zoom widget in the figure below:
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You can also further zoom on the zoom widget itself. When the right button is released, the appropriate section of curve will be displayed in the zoom widget. The “TIDE” button at the top left has the same function as with the display widget.

On the zoom widget you can conduct simple measurements of amplitude and period. Using the left or number one mouse button, simply click on the curve in the zoom widget, and a summary inset will appear in the top left corner showing the coordinates of the point you just clicked on. A cross will mark the spot you picked. After a second point is clicked on, the coordinates of the second point will be displayed. In addition the difference in height and time between the two points will be displayed on the summary inset. Time difference is in minutes:seconds, and height differences are in meters. 

A summary inset can be seen on the Benoa zoom widget shown above. Note the two crosshairs. If you wish to clear the summary display, click the middle or number two mouse button any where on the zoom widget canvas.

The record button “REC” will allow you to record sea-level observations in the file referenced by the record_filename parameter.
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By clicking the point where tsunami waves first arrive and then clicking the “First Arrival” menu item, you can record the arrival of the tsunami at a sea-level station. By using two picks you can record either the “Zero to Peak” or “Peak to Peak” variation on the sea-level curve. Entries in the “record_filename” file are in this form:

kota  prs  First Arrival  111/07  08:43 2007111 11:48

kota  prs  Peak to Peak   111/07  08:43 H 00.208  111/07  09:08 H 00.155  Per 00:24 Amp 00.052 2007111 11:48
The observation records start with the station and gauge followed by the type of measurement and then the measurement(s). In the case of “First Arrival”, we have the day time stamp of the arrival in the format JJJ/YY HH:MM followed by the time this observation was recorded in format YYYYJJJ HH:MM. In the “Peak to Peak” or “Zero to Peak” cases, both picks are recorded with a time stamp JJJ/YY HH:MM followed by “H” (sea-level height flag) followed by the sea-level in meters. After the picks we have the time difference (after the “Per” flag) and sea-level difference (after the “Amp” flag) between the two picks followed by the time the observation was recorded.

The “Info” and “Mess” items allow you to display basic station data and recent messages for a given station. This is an example of an information widget. It shows basic information about the sea-level station.
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Clicking on the “Mess” item will create a widget that shows the last 100 messages for the station that were recognizable to Tide Tool. An example of the messages widget is shown below:
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Note that this widget is scrollable and has a print button. However, as different systems utilize different commands for printing text, the print button requires some configuration by the user. In particular the PRINTER_COMMAND variable must be set to a string that is the printer command. If this variable is not set, the “PRINT” button will not appear. It may require more work in the future to make this option a bit more user-friendly. If you cannot get it to work, contact Stuart Weinstein and we will try to develop a customized solution.

Clicking the “REPORT” button on the main GUI will give an account of the number of messages received and the number of messages expected for each station in the metadata file over a specified time period. You can select 3, 6, 12 or up to 48 hours. You can also print the report. The report is approximate in terms of the number of messages expected, however it is accurate enough so that you can keep track of stations that are having telemetry problems or other issues. Note that receipt of a message as indicated on the report does not mean the message was successfully decoded; only that it was received.
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Another feature included is the “MAP” feature. Clicking on the MAP button will display a map (GIF file imported into a tk widget) showing the geographic context of the stations. There are three views showing the station at Benoa in a global, regional and local context. The location of the station is centered on the map. Contour lines showing tsunami travel times at one-minute intervals are drawn using the station is the starting point. These maps are useful when it comes to assessing how the station may be impacted by a tsunami. For example if the station is relatively sheltered or is facing away from the likely direction of tsunami propagation, it may not be ideal or useful for evaluating the destructiveness of the tsunami.

lxxiv. Tide Tool Clients

Tide Tool has three basic clients, one each for the Indian Ocean, Pacific Ocean and Caribbean Sea. These clients, shown here, are interactive map interfaces.

Indian Ocean Client



     Caribbean Client
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In each interface display window, the small dots show the location of coastal sea-level stations and the larger dots show the position of the DART buoys. The colors of the dots indicate “status” and the meaning of the colors is given by the legend just below the map. Green indicates that at least one message was decoded for that station within the last 7 hours. Yellow indicates that at least one message was decoded within the last 24 hours, and Red indicates no messages received in over 24 hours. The reason these criteria were chosen is that the DART buoys in their normal mode (as opposed to their trigger mode) only transmit data 4 times a day. 

Station status can be updated at any time by clicking the “STATUS” button on the decoder (Tide.tcl) GUI. These clients do not require any special configuration. Place the client scripts in the same folder as the decoder and start them running the same way as the decoder. Like the decoder, clients expect the metadata file to be in the same folder. When the clients connect, the message “CONNECTED” will appear on the bottom left of the client GUI as shown above. If the decoder is not running or the clients have not connected yet, the message will be “NOT CONNECTED”. If the decoder is shut down after the clients connected the message will be “DISCONNECTED’. Note that after the decoder (Tide.tcl) is started, it will not accept clients until the initial read of the current log file is completed. 

A single left button click on a dot will display the station code for that station. A double left button click will create a menu button, just like the one on the decoder GUI, and you can choose to display a sensor.

The Exit selection will delete the button. Only one button at a time will appear, so if you request another button, any pre-existing button will be deleted. You will notice that some stations have a yellow halo; this is to inform you that the station has been moved, graphically, from its actual location so that it can be located and clicked on the map. When you use the zoom feature, most of these halos will disappear as there is more resolution and less overlap among the station dots.

To zoom in a section of the Client map, use the right mouse button. Click and traverse from one corner of the region you wish to enlarge, to the opposite corner and release the button. This will create a “zoom” client
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The zoom client has the same functionality as above. It also has “EXIT” and “TILE” buttons on the bottom. Clicking “EXIT” will destroy the zoom widget. 
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Clicking “TILE” will tile the screen with all stations that have data, present in the zoom region. The “TILE” button will then switch to “UNTILE”. Clicking “UNTILE” will remove the tiled widgets. Currently, you can only have one zoom widget per client. If a new zoom widget is created, the old one will disappear. If you click “TILE” on the new zoom widget, the old tiling will be destroyed and a new tiling using stations in the current zoom will be created. If you wish to tile using stations from two separate regions, you will need to create another instance of the client, and create a zoom widget from each client.

bk. Future Directions
Among the new features under consideration for future releases of Tide Tool are:

1. The use of environment variables in the scripts. This way, no modification will be necessary if you define the environment variables on your system. Tide.tcl will query

environment variables to obtain the parameter values.

2. Strip Chart Widget. In addition to tiling the screen with selected stations, the user will also be given the option to have those stations arranged in a strip chart widget. This is what is typically done in displays of seismic data.

3. Real Time tide modeling. In some cases, not enough data is available to create a good set of tide harmonic coefficients. In other cases the tide coefficients are no longer adequate or meteorological effects are skewing the de-tiding. In these cases, it is useful to compute tide coefficients on the “fly” using the 48 hours of data held by Tide Tool.

4. Dynamic reconfiguration. Changing station metadata or adding new stations will not require a restart of Tide Tool.
AG.  Runup Detection

The runup gauge was developed by Prof. Dan Walker of the University of Hawaii. Dan is a noted tsunami researcher and one of the Hawaii State tsunami advisors. Dan is pictured below with a test unit of the runup gauge mounted on the antenna pole just outside of the warning center. Some people call it a “wetohmeter”. The runup gauge has only two states; it is either wet or it is dry. As you can see in the picture, the gauge is perhaps 1 foot off the ground and is connected to an enclosure that houses the electronics, battery, and a cell phone. The cell phone transmission actually goes to Atlanta via satellite and is then routed to PTWC via a telephone line. Despite the rather circuitous path, the whole process takes maybe 20 seconds.
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The device that receives the communications from the runup gauges is called the OH2000. This is basically a serial modem and is connected to the primary portmaster. The runup gauge software only runs on the primary side, however, one can easily switch it to the redundant side if the primary goes down. The ohcom process monitors the runup gauges with the display shown below:
[image: image167.png]LOCAL TSUNAMI WARNING
CANCELLATION

Attentonall stations. Repeat. Attention allstatiors.
This s the Pacific Tounami Waming Center.
‘The tsunami warning s cancelled. Repeat. The fsunamiwarning is cancelled.
{chooss one)
___No tsumamiwas ohserved at any beationin Havail

___ A significant local tsunamiwas ot generated, and o significant tsunami wares
Tave beenobserved. However, some coastal sreas may experience smallwater
Jevelchanges and strong or unusal currents.

___Teuramiwaves are now helow dangerous levels at most Jocations, and further
increases are ot expecied. However, some coastal amas may confime fo
experience small water level changes and strong or unuswl currents.

Once Again

This s the Pacific Tounami Waming Center.
‘The tsunami warning s cancelled. Repeat. The fsunamiwarning is cancelled.
{chooss one)
___No tsumamiwas ohserved at any beationin Havail

___ A significant local tsunamiwas ot generated, and o significant tsunami wares
Tave beenobserved. However, some coastal sreas may experience smallwater
Jevelchanges and strong or umusal currents.

___Teuramiwaves are now helow dangerous levels at most Jocations, and further
increases are ot expected. However, some coastal areas may confime fo
experience small waier level changes and strong or untswlcurrents.

‘This tswmamiwaming cancellation does rot meanit i sa to resume nomal activ s or
reoccupy evacwated amas. Listen fo Jocal authorities r further information and
instructions.

4 hardcopy message with more detaded inbrmationwillhe trans mitied shordly.

State Warning Point, Contact AIl County Warning Poins. Please Acknowledge.




[image: image168.png]Seismic Processing Computer. (B}

E Duty
Scientists !f





This simple, but elegant monitor, shows an outline of the Big Island (all runup gauges save for the test unit at PTWC are on the Big Island) with the location of the runup gauges marked by a triangle. In the top right there is a heartbeat monitor that monitors the telephone line and an activity bar that shows the software is working. If there is a problem with connectivity, the heart turns red with a line through it. If the watchstander sees that, they are to consult the runup detector software guide in ops for phone numbers to call.

The triangles may have the following colors:

· Green - Indicates normal operation and that the daily communication test from the gauge has been received

· Grey - Indicates that the daily communication test has not been received.

· Yellow - Indicates a problem with gauge’s electronics. Examine the log file /home/ptwc/io/status/seis/ohcom.Oct.log.
· Red - Indicates the gauge has been flooded by a probable tsunami.

Thus in the monitor on the left, a successful communications test with one gauge has not occurred in the past 24 hours. The monitor on the right shows what it looks like when two gauges are flooded.

The runup gauges give the PTWC a way to detect tsunamis generated by events that may not have much of a seismic signature, such as landslides and volcanic bench collapses. Therefore, there are additional messaging criteria which come into play when the runup detectors become wet, but the earthquake magnitude is <= 6.8. These criteria are discussed back in section 2.E.a. For more information on the runup gauges consult the runup detector software guide in ops.

AH.  Sea-Level Gauge Instrumentation

bl. Coastal Gauges

The sea-level networks of the world’s oceans utilize a combination of NOAA/GOES, JMA/GMS or EUROSAT satellite transmission communications. These data arrive at PTWC via the NESDIS/NWS communications routing through the NWSTG onto line 58.  The sea-level data is collected and transmitted from the sea-level station using a Data Collection Platform, (DCP) that are procured from various manufacturers. The DCPs provide a suite of programmable parameters for data (water-level) monitoring and data transmission via satellite. Other meteorological sensors can also be utilized in conjunction with these systems. The water-level data is sampled at a 2 second rate averaged over a 2 minute period and transmitted via GOES or GMS on an hourly basis to PTWC. However, NOS is upgrading sea-level stations to transmit 6 one-minute samples every 6 minutes. Already a number of NOS stations in Hawaii and Alaska region have been upgraded to the higher transmission rate. Spurred on by the IOC with funds from NOAA, the UHSLC is upgrading the GLOSS stations in the Indian Ocean. The upgraded gauges in the Indian Ocean transmit every 12 or 15 minutes, with 12 to 30 one-minute samples for the sensors with the highest sampling rate.
Each tide site may use one or more of 6 types of sensors:   

· SPS – (Submersible Pressure Sensor) measures water-level sea pressure from 0 – 45 feet. Backup pressure sensor code is SPB.

· PR1,PR2 – Pressure sensors.

· BUB -  (Bubbler Pressure Sensor) measures water-level sea pressure, from 0 – 45 feet (utilizing a nitrogen gas purging system) in a cavity submerged in the water. As sea-level changes, the pressure in the nitrogen gas cavity changes. Backup bubbler code is BBB.

· ENC – (Incremental Encoder Sensor) measures water changes developed in a stilling well system, incrementally changing a pulley using a float and weight.  As sea-level changes a float moves up and down. The operation is similar to the float in your toilet. Backup encoder code is ENB.

· PAQ – (Primary Aquatrak) measures sea-level with acoustics. The transmitter and receiver are above the water. Sea-level is determined by the round trip time for the acoustic signal. Backup aquatrak code is BAQ. PAQ designation is used for NTF gauges.

· PWL – This is the designation for NOS aquatraks. BWL is the backup NOS sea-level gauge designation, usually a Paros pressure sensor.

· RAD  – (Radar) measures sea-level using radar. The RAD sensor is placed above the sea-level and bounces radar signals off the sea-surface. Timing the round trip time yields the sea-level.

These sea-level stations systems are generally located in ports or bay areas in secure areas with facilities. However, they can be located in remote locations on most any shoreline where there is a suitable area for anchoring the sensor and the Electronic Systems are safe from the elements. The photos below (courtesy Richard Nygard) show the basic elements of the Installation at Hiva Oa. The Hiva Oa station primary sensor is a pressure sensor (SPS) while the secondary gauge is an encoder (ENB).

 Hiva Oa Installation                                Hiva Oa Stilling Well
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                Vaisala DCP, wiring, 12v battery, and solar regulator.
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bm. DART Buoys
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The DART buoy concept is illustrated below:

The DART sensor is a pressure sensor that sits on the sea floor in very deep water and measures sea-level fluctuations averaged over 15 secs to a precision of 1mm. The data is relayed by acoustic telemetry to the buoy and is then transmitted to satellite. The data is transported to PTWC via line 58. 

Why DART buoys?  The Achilles heel of the warning system is the unnecessary evacuations. An evacuation of the State of Hawaii will easily cost the State tens of millions of dollars in lost business revenue and the costs associated with executing emergency procedures. Frequent unnecessary evacuations will undermine public confidence in the warning system. If people stop paying attention to the warning system, then we have failed the public. 

Why do we have unnecessary evacuations? Because forecasting how large a tsunami generated on the Pacific Rim will be when it arrives on distant shores is still very much in its nascent stages. Coastal tide gauges provide an imperfect guide as to how destructive a tsunami will be as it propagates away from the source. This is because the near shore bathymetry and geometry of the harbor where the tide gauge is situated have as much effect on the wave-height and inundation as the fundamental characteristics of the tsunami itself. Along the same coast, it is not unusual to find harbors that resonate strongly with tsunami and those which show much less tsunami activity. Therefore the picture given by coastal tide gauges is somewhat murky; and forecasts with respect to damage on distant coasts fraught with peril. What was needed was a way to distinguish between tsunamis that will cross oceans with destructive power and tsunamis that may produce measurable, but non-damaging waves on distant coasts. 

By measuring the properties of a tsunami far from the influences of near-shore bathymetry and geometry, the DART buoys give us a look at the tsunami in deep water unfettered by resonant effects. Furthermore, while modeling tsunami propagation in the near shore environment is difficult, modeling tsunamis as they make their way into deep water, is a much simpler problem and can be simulated with more robustness.

Therefore both Paul Whitmore of the ATWC and Vasily Titov of PMEL have produced a tsunami wave-height forecast database of pre-computed tsunami scenarios. These models will make predictions based on basic seismic data as to what size tsunami should be recorded by the DART and coastal buoys. By comparing the predicted results to the observed the watchstander should be able to gauge whether or not the tsunami will be destructive when it arrives on distant shores. The wave-height forecast models will be described in the next section.

6. Tsunami Travel-Time and Wave-Height Forecasting

Whenever a Watch/Warning message is issued, the watchstander needs to run software to compute the travel times to the various warning points supplied by our clients. This information is then relayed to our clients in our message products.

As mentioned earlier, travel-time calculations are a relatively simple calculations; they can be done quickly in real-time. However, even this calculation can be speeded up by compiling a database of pre-computed scenarios. So we have two approaches for computing tsunami travel-times. The approach to be used during an event is to use the travel-time database because it is faster. However, this approach (eta.tcl) does not produce any graphical products. After bulletins are sent the watchstanders can work with travel-time tool (tttool) to produce a travel-time map. tttool will also compute travel-times, and can be used as a backup to eta.tcl.

Among the most challenging numerical simulation problems is that of the tsunami. It isn’t the fluid that’s difficult; it’s the boundary conditions that are a pain. In order to model wave-heights, the details of near shore bathymetry and coastline must be taken into account. This requires very fine numerical resolution. Yet, applying such resolution to the whole of an ocean basin would require vast computational resources. Therefore such models involve multiple numerical grids on many scales. Wave-height forecasting is still in its nascent stages although we can see the light at the end of the tunnel. Coupled with a network of DART gauges, these current models should enable the watchstander to distinguish between destructive and non-destructive tele-tsunamis.

AI.  tttool (tsunami travel time tool, ttt)

The program tttool can be used to compute tsunami travel-times and a contour map showing the distribution of travel-times . tttool has a GUI interface and is started by executing start_ttt. The GUI is shown below:
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The tttool GUI has a number of features. Starting from the top, the radiobuttons give the watchstander the choice of either loading an already computed tsunami travel-time grid or creating a new one. If you are choosing a pre-existing travel-time grid, then you should enter the name and directory of the grid file in the entry widgets near the bottom. The filename ttt..b and the directory /home/ptwc/io/params/ttt are defaults. Whatever filename and directory exists in these entry widgets will be the name of the new grid file should you choose to create a new grid.

Below the radiobuttons are entry widgets for the origin time and location of the earthquake. Clicking the “Read epicenter data” will load that information from the COMF file, or you can always fill those fields manually with other parameters.

The next section of buttons, allows you to control the details of the calculation. You should specify which ocean basin the calculation is for. Because the bathymetry maps have some overlap, one cannot always assign the ocean basin based on the coordinates alone. The other choices regarding grid resolution and error allow the watchstander to select the fineness of the bathymetry and the precision of the numerical operator. The finer the bathymetry and the greater precision the longer the computation takes. The recommended defaults are shown in green. The default basin is the Pacific because that is where most of our earthquakes are.

In the above figure, the “Calculate” button has been clicked and the dialog box above the button reads “Calculating travel-times…” to let you know that the computations are proceeding. 

When the computation is finished, a panel will appear below:

                    [image: image109.png]v *

[22]6 | Read epicenter data I
7 Bif | |

Pacific || Indian | Atlantic

1w [0 =

75% | 27% | 15% [ 7% 9% |

Caleulate | QUIT

| Calculate ETA’s I
[ [ I
Display Plot I Print Plot I r— I





Clicking the “Calculate ETA’s” button computes the travel-times. After that completes the “Print ETA’s” button becomes active. Checking the boxes next to “Plot Sea-level stations” and “Plot Epicenter” will include those features in the travel-time plot. The functions of the “Display Plot” and “Print Plot” buttons are obvious. 

The “Animate” button starts the “twatch”  program. twatch uses GMT to construct a prograding contour map. That is, GMT constructs a basemap and twatch instructs GMT to draw contour bands (width = 30 minutes) but only up to the current time. twatch will indicate where the leading edge of the tsunami waves are. At the present time, animate only works for the Pacific. A picture is worth 10,000 words, so down below is an example of twatch in progress:
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In this example the epicenter is on the coast of Chile and the time is about 4 hours and 35 minutes after the origin time. The 3 buttons at the top left are “view” buttons. You can either view the whole of the Pacific Basin, or focus more closely on the Hawaiian Islands area. Just above the map, it gives the time until the tsunami reaches the next closest tide gauge. The “options” button has only one option at the current time, and that option is to display a list of travel-times to the various gauges. Every time the tsunami reaches another gauge, animate will beep.

AJ.  TSUETA, eta.tcl and the Travel-time Database

TSUETA, or tsunami estimated time of arrival is a software package that PTWC uses to create, maintain and access the tsunami travel-time database. How does the database approach work? For each sea-level station and warning point, one computes the travel-times to all points on a 2min x 2min grid of the Pacific assuming the earthquake occurred at the location of the sea-level station or warning point. The travel times at all grid points are organized into a binary file. Therefore given the location of the earthquake, finding the travel time to each sea-level station and warning point amounts to opening their respective travel-time files and then performing a pointer offset and lookup. The program that does this, tsueta_report, is substantially faster than tttool, and the travel-times are more accurate because it uses a finer mesh then tttool is allowed to. What it won’t do is generate a travel-time map.

eta.tcl is a Tcl/Tk wrapper that calls tsueta_report. Eta.tcl reads the COMF file to gather the earthquake location and origin time and formats the correct tsueta_report command to gather the travel-times. eta.tcl should be executed before issuing any Watch/Warning. There is some dialog with eta.tcl; you will be informed by pop-up windows when it has finished and has sent the travel-time table to the printer.

When executing eta.tcl either through the One GUI (GEOWARE ETA’s) or on the command line, a widget will pop-up requesting you to choose the appropriate ocean basin:
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The database lives in /data/ttt_dbase and is managed by the program tsueta_update. tsueta_update is a script that creates the commands needed to update the database and executes them.

When a new tide gauge or warning point is added, running tsueta_update –b will show all of the commands tsueta_update will execute. tsueta_update –f will force tsueta_update to execute these commands. It is best to use the –b option so you can see what tsueta_update will do. You can also place the commands generated by tsueta –b  commands in a file and execute them as a batch job. tsueta_update formulates commands to the program ttt64 which uses a bathymetric grid with an interval of 2 minutes. Because of the fineness of the numerical resolution, these computations take up to 7 hours on a U-60.

AK.  SIFT

See PMEL’s SIFT Operations GUIDE
AL.  Whitmore-Kowalik Model (EARTHVU)

Models were run with grid increments of 5' over the deep ocean, 1' over the shelf, and, where necessary to describe local shoreline configuration, 12" near-shore.  Non-linear, shallow water equations were used with friction effects over the finer grids included.  Inundation was not taken into account.  The basic technique is described by Kowalik and Whitmore (1991, Science of Tsunami  Hazards).  The methodology of utilizing pre-computed models during tsunami warnings is described by Whitmore and Sokolowski (1996, Science of Tsunami Hazards).

 

To display results from the pre-computed tsunami models, click on the Models/Results menu option.  Locations of the pre-computed models are shown on the screen; an example of which appears below:

     [image: image112.png]



Green circles show the location of models with Mw 7.5, red boxes Mw 8.2, blue boxes Mw 9.0, and yellow boxes Mw 9.5.  Fault parameters were assigned based on historic earthquakes in the area where possible, and trench geometry/plate motions otherwise.  A dialog window with instructions to left click on the point of interest should appear after clicking on model results.  Click on the desired location and another dialog window will appear which allows magnitude specification.  Choose a magnitude and model results will be shown on the screen.  If there is no model of the desired magnitude within 7.5 degrees from the mouse click, no results will be shown.

 

On the model display window expected wave heights are shown by the length of a line next to each place name:
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 The line lengths represent maximum zero-to-peak wave height in meters at that location.  The display window can be scrolled with the mouse roller-ball, or by clicking on the scroll bar.  DART buoy wave heights are shown at the bottom.  Results, along with source parameters and scaling factors, can be printed with the Print menu option if a printer is connected to the PC.  A summary of the source parameters is shown in the title bar.  By default, the scaling factor is 1.0.  During a warning this factor will be changed as the wave is recorded at tide gages outside the source zone.  Scaling the model helps account for source parameters which are different from those used in the model.  It is important to only use results from tide gages outside the immediate source zone in case local effects such as landslides have added to the wave height recorded there.  To scale the model, choose the Scale With Observed menu option. Type in the sea-level station name EXACTLY as it is listed on the model display window.  The models can only be scaled by results from tide gages which were included in the model.  Below the sea-level station name, enter the zero-to-peak amplitude recorded at that gage in meters.  The results shown on the screen will be linearly scaled by your entry.  As more data is recorded on different tide gages, continue to add these through the Scale With Observed option, and the new tide gage data will be averaged into the scale factor.

Message Product Details

The criteria for issuing message products and the types of message products were first discussed in section 2.E. In this section, we will examine the contents of these messages.

AM.  Observatory Message

The observatory message is an unofficial message product that the PTWC routinely issues to other geophysical observatories and agencies via email and the AFTN. The observatory message is typically the first product we issue, and reflects our first findings with respect to magnitude and location. These messages contain the basic earthquake parameters; origin time, location and magnitude and the closest P-times and pP-times (if available) to the epicenter up to a total of 24. Observatory messages are also issued to apprise clients of smaller earthquakes that do not exceed the magnitude thresholds for official message products, or are well outside our AOR. In these cases, messages are typically issued for earthquakes where 5.5 <= Mw < 6.5. Another important reason for issuing this product is that it provides a routine test of our email and AFTN circuits. The observatory email message uses the obs_email alias.

An example of the observatory message is given below:

FROM PACIFIC TSUNAMI WARNING CENTER

THIS IS PRELIMINARY DATA, NOT FOR PUBLIC DISSEMINATION.

COMPLETE INFORMATION CAN BE OBTAINED FROM THE USGS/NEIC

TELEPHONE (303) 273-8500.

H 17:05:09Z JUN 02 04  LAT 23.7S LONG 179.2E DEPTH 545km MWP 5.3 (6 STATIONS)

TONGA REGION

SNZO  P  170845.3 CTAO  P  171042.1 PMG   P  171106.7 VNDA  P  171345.8

NWAO  P  171347.1 MAJO  P  171533.9 TATO  P  171548.9 ATKA  P  171558.0

NIKO  P  171604.8 YSS   P  171610.7 PET   P  171613.0 SAO   P  171633.1

HOPS  P  171634.9 TRQA  P  171737.5 SBA   P  171347.0 BAR   P  171637.4

BMRM  P  171705.9 BILL  P  171718.8 ULN   P  171738.4 CMB   P  171640.1

YAK   P  171728.3 PFO   P  171640.7 KCC   P  171641.2 WDC   P  171641.4

MNV   pP 171846.1 BMN   pP 171854.9 TUC   pP 171856.2 WVOR  pP 171856.4

BW06  pP 171923.7 BOZ   pP 171925.2
AN.  Pacific Bulletins

bn. Tsunami Information Bulletin (TIB)

The condition for issuing a tsunami information bulletin to the Pacific AOR is 6.5 <= Mw <= 7.5. There are a variety of texts for the body of the message depending on whether the earthquake is shallow or deep, or whether the earthquake is actually in the Pacific AOR or not. Here is an example of a TIB issued for a deep earthquake in the Loyalty Islands. The bulletin consists of several parts:

· Header section showing message type and number, point of origin and the date/time stamp.

· Section showing who the message is intended for.

· Earthquake parameter section.

· Evaluation of tsunami potential threat.

TSUNAMI BULLETIN NUMBER 001

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 1726Z 11 APR 2005

THIS BULLETIN IS FOR ALL AREAS OF THE PACIFIC BASIN EXCEPT

ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

... TSUNAMI INFORMATION BULLETIN ...

THIS MESSAGE IS FOR INFORMATION ONLY. THERE IS NO TSUNAMI WARNING

OR WATCH IN EFFECT.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  1709Z 11 APR 2005

 COORDINATES -  22.0 SOUTH  170.6 EAST 

 LOCATION    -  LOYALTY ISLANDS REGION

 MAGNITUDE   -  6.7

EVALUATION

 A DESTRUCTIVE TSUNAMI WAS NOT GENERATED BASED ON EARTHQUAKE AND     

 HISTORICAL TSUNAMI DATA.                                            

THIS WILL BE THE ONLY BULLETIN ISSUED FOR THIS EVENT UNLESS

ADDITIONAL INFORMATION BECOMES AVAILABLE.

Had this earthquake been shallow, additional language would appear in the evaluation:

HOWEVER - EARTHQUAKES OF THIS SIZE SOMETIMES GENERATE LOCAL 

TSUNAMIS THAT CAN BE DESTRUCTIVE ALONG COASTS LOCATED WITHIN 

A HUNDRED KILOMETERS OF THE EARTHQUAKE EPICENTER. AUTHORITIES

IN THE REGION OF THE EPICENTER SHOULD BE AWARE OF THIS 

POSSIBILITY AND TAKE APPROPRIATE ACTION.
Depending on the size, location and depth of the earthquake, the evaluation could be one of the following options:

· OPTION 1

SHALLOW UNDERSEA PACIFIC BASIN EARTHQUAKE.            MW=6.5-7.5

NO DESTRUCTIVE PACIFIC-WIDE TSUNAMI THREAT EXISTS BASED ON 

HISTORICAL EARTHQUAKE AND TSUNAMI DATA.

HOWEVER - EARTHQUAKES OF THIS SIZE SOMETIMES GENERATE LOCAL 

TSUNAMIS THAT CAN BE DESTRUCTIVE ALONG COASTS LOCATED WITHIN 

A HUNDRED KILOMETERS OF THE EARTHQUAKE EPICENTER. AUTHORITIES

IN THE REGION OF THE EPICENTER SHOULD BE AWARE OF THIS 

POSSIBILITY AND TAKE APPROPRIATE ACTION.

· OPTION 2

DEEP OR INLAND PACIFIC BASIN EARTHQUAKE.              MW=6.5-9.9

A DESTRUCTIVE TSUNAMI WAS NOT GENERATED BASED ON EARTHQUAKE AND

HISTORICAL TSUNAMI DATA.

· OPTION 3

IN WC/ATWC AOR WITH WC/ATWC WARNING/WATCH             MW=7.0-7.5

NO DESTRUCTIVE PACIFIC-WIDE TSUNAMI THREAT EXISTS BASED ON 

HISTORICAL EARTHQUAKE AND TSUNAMI DATA.

HOWEVER - THE WEST COAST/ALASKA TSUNAMI WARNING CENTER HAS 

ISSUED A REGIONAL WARNING FOR COASTS LOCATED NEAR THE EARTHQUAKE.

THIS CENTER WILL CONTINUE TO MONITOR THE SITUATION BUT DOES NOT

EXPECT A WIDER THREAT TO OCCUR.

· OPTION 4

IN WC/ATWC AOR WITH NO PTWC FIXED WARNING             MW=7.6-7.8

NO DESTRUCTIVE PACIFIC-WIDE TSUNAMI THREAT EXISTS BASED ON 

HISTORICAL EARTHQUAKE AND TSUNAMI DATA.

HOWEVER - THE WEST COAST/ALASKA TSUNAMI WARNING CENTER HAS 

ISSUED A REGIONAL WARNING FOR COASTS LOCATED NEAR THE EARTHQUAKE.

THIS CENTER WILL CONTINUE TO MONITOR THE SITUATION BUT DOES NOT

EXPECT A WIDER THREAT TO OCCUR.

· OPTION 5

SHALLOW UNDERSEA EARTHQUAKE OUTSIDE PACIFIC BASIN.    MW=6.5-7.5

THIS EARTHQUAKE IS LOCATED OUTSIDE THE PACIFIC. NO TSUNAMI THREAT

EXISTS TO COASTLINES IN THE PACIFIC.

HOWEVER - EARTHQUAKES OF THIS SIZE SOMETIMES GENERATE LOCAL 

TSUNAMIS THAT CAN BE DESTRUCTIVE ALONG COASTS LOCATED WITHIN

A FEW HUNDRED KILOMETERS OF THE EARTHQUAKE EPICENTER. AUTHORITIES

IN THE REGION OF THE EPICENTER SHOULD BE AWARE OF THIS 

POSSIBILITY AND TAKE APPROPRIATE ACTION.  

THIS CENTER DOES NOT HAVE SEA LEVEL GAUGES OUTSIDE THE PACIFIC 

SO WILL NOT BE ABLE TO DETECT OR MEASURE A TSUNAMI IF ONE WAS

GENERATED. AUTHORITIES CAN ASSUME THE DANGER HAS PASSED IF NO

TSUNAMI WAVES ARE OBSERVED NEAR THE EPICENTER WITHIN AN HOUR OF 

THE EARTHQUAKE.

· OPTION 6

SHALLOW UNDERSEA EARTHQUAKE OUTSIDE PACIFIC BASIN.    MW=7.6-7.8

THIS EARTHQUAKE IS LOCATED OUTSIDE THE PACIFIC. NO TSUNAMI THREAT

EXISTS TO COASTLINES IN THE PACIFIC.

WARNING... THIS EARTHQUAKE HAS THE POTENTIAL TO GENERATE A 

DESTRUCTIVE REGIONAL TSUNAMI ALONG COASTS LOCATED WITHIN A 

THOUSAND KILOMETERS OF THE EARTHQUAKE EPICENTER. AUTHORITIES

IN THAT REGION SHOULD BE AWARE OF THIS POSSIBILITY AND TAKE

IMMEDIATE ACTION TO EVACUATE COASTAL AREAS.

THIS CENTER DOES NOT HAVE SEA LEVEL GAUGES OUTSIDE THE PACIFIC 

SO WILL NOT BE ABLE TO DETECT OR MEASURE A TSUNAMI IF ONE WAS

GENERATED. AUTHORITIES CAN ASSUME THE DANGER HAS PASSED IF NO

TSUNAMI WAVES ARE OBSERVED IN THE REGION NEAR THE EPICENTER 

WITHIN THREE HOURS OF THE EARTHQUAKE.

· OPTION 7

SHALLOW UNDERSEA EARTHQUAKE OUTSIDE PACIFIC BASIN.    MW=7.9-9.9

THIS EARTHQUAKE IS LOCATED OUTSIDE THE PACIFIC. NO TSUNAMI THREAT

EXISTS TO COASTLINES IN THE PACIFIC.

WARNING... THIS EARTHQUAKE HAS THE POTENTIAL TO GENERATE A WIDELY

DESTRUCTIVE TSUNAMI IN THE OCEAN OR SEAS NEAR THE EARTHQUAKE. 

AUTHORITIES IN THOSE REGIONS SHOULD BE AWARE OF THIS POSSIBILITY 

AND TAKE IMMEDIATE ACTION.  THIS ACTION SHOULD INCLUDE EVACUATION

OF COASTS WITHIN A THOUSAND KILOMETERS OF THE EPICENTER AND CLOSE

MONITORING TO DETERMINE THE NEED FOR EVACUATION FURTHER AWAY.

THIS CENTER DOES NOT HAVE SEA LEVEL GAUGES OUTSIDE THE PACIFIC 

SO WILL NOT BE ABLE TO DETECT OR MEASURE A TSUNAMI IF ONE WAS

GENERATED. AUTHORITIES CAN ASSUME THE DANGER HAS PASSED IF NO

TSUNAMI WAVES ARE OBSERVED IN THE REGION NEAR THE EPICENTER 

WITHIN THREE HOURS OF THE EARTHQUAKE.

· OPTION 8

   DEEP OR INLAND EARTHQUAKE OUTSIDE PACIFIC BASIN.      MW=6.5-9.9

THIS EARTHQUAKE IS LOCATED OUTSIDE THE PACIFIC. NO DESTRUCTIVE

TSUNAMI THREAT EXISTS IN THE PACIFIC OR ELSEWHERE BASED ON 

HISTORICAL EARTHQUAKE AND TSUNAMI DATA.

The various options and their criteria are listed when pacbul is executed. In the case where small tsunami waves are observed then you should issue a Supplemental TIB that contains those observations. The evaluation section in a Supplemental TIB reads:

SEA LEVEL READINGS INDICATE A TSUNAMI WAS GENERATED. IT MAY HAVE

BEEN DESTRUCTIVE ALONG COASTS NEAR THE EARTHQUAKE EPICENTER. FOR

THOSE AREAS - WHEN NO MAJOR WAVES ARE OBSERVED FOR TWO HOURS

AFTER THE ESTIMATED TIME OF ARRIVAL OR DAMAGING WAVES HAVE NOT

OCCURRED FOR AT LEAST TWO HOURS THEN LOCAL AUTHORITIES CAN ASSUME

THE THREAT IS PASSED. DANGER TO BOATS AND COASTAL STRUCTURES CAN

CONTINUE FOR SEVERAL HOURS DUE TO RAPID CURRENTS.  AS LOCAL

CONDITIONS CAN CAUSE A WIDE VARIATION IN TSUNAMI WAVE ACTION THE

ALL CLEAR DETERMINATION MUST BE MADE BY LOCAL AUTHORITIES.

NO TSUNAMI THREAT EXISTS FOR OTHER COASTAL AREAS IN THE PACIFIC 

ALTHOUGH SOME OTHER AREAS MAY EXPERIENCE SMALL SEA LEVEL CHANGES.
bo.  Fixed Tsunami Regional Warning

The fixed Tsunami Regional Warning  (TRW) is issued for shallow, undersea earthquakes where 7.5 < Mw <= 7.8. An example of a fixed TRW is given below:

TSUNAMI BULLETIN NUMBER 001

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 0545Z 29 AUG 2005

THIS BULLETIN IS FOR ALL AREAS OF THE PACIFIC BASIN EXCEPT

ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

... A TSUNAMI WARNING IS IN EFFECT ...

A TSUNAMI WARNING IS IN EFFECT FOR

 NEW CALEDONIA / FIJI 
FOR ALL OTHER PACIFIC AREAS, THIS MESSAGE IS AN ADVISORY ONLY.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  0531Z 29 AUG 2005

 COORDINATES -  22.0 SOUTH  170.6 EAST 

 LOCATION    -  LOYALTY ISLANDS REGION

 MAGNITUDE   -  7.6

EVALUATION

 IT IS NOT KNOWN THAT A TSUNAMI WAS GENERATED.  THIS WARNING IS      

 BASED ONLY ON THE EARTHQUAKE EVALUATION. AN EARTHQUAKE OF THIS      

 SIZE HAS THE POTENTIAL TO GENERATE A DESTRUCTIVE TSUNAMI THAT CAN   

 STRIKE COASTLINES IN THE REGION NEAR THE EPICENTER WITHIN MINUTES   

 TO HOURS. AUTHORITIES IN THE REGION SHOULD TAKE APPROPRIATE         

 ACTION IN RESPONSE TO THIS POSSIBILITY. THIS CENTER WILL MONITOR    

 SEA LEVEL GAUGES NEAREST THE REGION AND REPORT IF ANY TSUNAMI       

 WAVE ACTIVITY IS OBSERVED. THE WARNING WILL NOT EXPAND TO OTHER     

 AREAS OF THE PACIFIC UNLESS ADDITIONAL DATA ARE RECEIVED TO         

 WARRANT SUCH AN EXPANSION.                                          

ESTIMATED INITIAL TSUNAMI WAVE ARRIVAL TIMES. ACTUAL ARRIVAL TIMES

MAY DIFFER AND THE INITIAL WAVE MAY NOT BE THE LARGEST. THE TIME

BETWEEN SUCCESSIVE TSUNAMI WAVES CAN BE FIVE MINUTES TO ONE HOUR.

 LOCATION                            COORDINATES     ARRIVAL TIME

 --------------------------------    ------------    ------------

 NEW CALEDONIA    NOUMEA             22.3S 166.5E    0648Z 29 AUG

 FIJI             SUVA               18.1S 178.4E    0706Z 29 AUG

BULLETINS WILL BE ISSUED HOURLY OR SOONER IF CONDITIONS WARRANT.

THE TSUNAMI WARNING WILL REMAIN IN EFFECT UNTIL FURTHER NOTICE.

THE WEST COAST/ALASKA TSUNAMI WARNING CENTER WILL ISSUE BULLETINS

FOR ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

Note the two additional sections in bold (with respect to the TIB). One section near the top of the bulletin states which areas are in a warning (0 – 3 hours tsunami travel time) and another near the bottom which indicates the approximate arrival time of the first tsunami waves (assuming a tsunami was generated) at the warning points within the warning area. If there are no warning points within the warning area, pacbul will instruct the watchstander to issue a TIB instead.

In the situation where a fixed TRW is issued, supplemental messages generally need to be issued. Supplemental messages should be issued hourly until either there is enough evidence to issue a cancellation or upgrade to an expanding TRW.  

After the estimated time of arrival of the tsunami waves has passed, one of three possible observations can occur:

1. There is no tsunami wave activity.

2. There are small tsunami waves.

3. There are large tsunami waves.

In case 1, unless the watchstander thinks it is necessary to wait longer, a fixed TRW cancellation should be issued. Otherwise the watchstander should issue a supplemental bulletin. In case 2, the watchstander should at a minimum issue a supplemental bulletin with the wave arrival and height information at your disposal. If however, the size of the waves do not suggest the waves are threatening, the watchstander can issue a cancellation. In case 3, where there is evidence of destructive tsunami waves, the watchstander should keep issuing supplemental bulletins until the wave heights have declined to the point where the tsunami is no longer destructive.

An example of a fixed TRW supplemental bulletin in the case of small tsunami waves is shown below. Note that the bulletin number is 3, indicating that it is actually the second supplemental bulletin to be issued. The measurement section where the wave arrival times and heights are indicated is in bold font.

TSUNAMI BULLETIN NUMBER 003

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 0745Z 29 AUG 2005

THIS BULLETIN IS FOR ALL AREAS OF THE PACIFIC BASIN EXCEPT

ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

... A TSUNAMI WARNING IS IN EFFECT ...

A TSUNAMI WARNING IS IN EFFECT FOR

 NEW CALEDONIA / FIJI 

FOR ALL OTHER PACIFIC AREAS, THIS MESSAGE IS AN ADVISORY ONLY.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  0531Z 29 AUG 2005

 COORDINATES -  22.0 SOUTH  170.6 EAST 

 LOCATION    -  LOYALTY ISLANDS REGION

 MAGNITUDE   -  7.6

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY

 GAUGE LOCATION        LAT   LON    TIME    AMPL    PER

 -------------------  ----- ------  -----  ------  -----

 KINGS WHARF          18.1S 178.4W  0725Z   0.28M  12MIN

 PORT VILA            17.8S 168.3E  0640Z   0.21M  10MIN

 TIME - TIME OF THE MEASUREMENT

 AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST OR MIDDLE

        TO TROUGH OR HALF OF THE CREST TO TROUGH

 PER  - PERIOD OF TIME FROM ONE WAVE CREST TO THE NEXT
EVALUATION

 SEA LEVEL READINGS CONFIRM THAT A TSUNAMI WAS GENERATED. THIS       

 TSUNAMI MAY HAVE BEEN DESTRUCTIVE ALONG COASTLINES OF THE REGION    

 NEAR THE EARTHQUAKE EPICENTER. AUTHORITIES IN THE REGION SHOULD     

 TAKE APPROPRIATE ACTION IN RESPONSE TO THIS POSSIBILITY. THIS       

 CENTER WILL CONTINUE TO MONITOR SEA LEVEL GAUGES NEAREST THE        

 REGION AND REPORT IF ANY ADDITIONAL TSUNAMI WAVE ACTIVITY. THE      

 WARNING WILL NOT EXPAND TO OTHER AREAS OF THE PACIFIC UNLESS        

 ADDITIONAL DATA ARE RECEIVED TO WARRANT SUCH AN EXPANSION.          

 FOR AFFECTED AREAS - WHEN NO MAJOR WAVES ARE OBSERVED FOR TWO       

 HOURS AFTER THE ESTIMATED TIME OF ARRIVAL OR DAMAGING WAVES HAVE    

 NOT OCCURRED FOR AT LEAST TWO HOURS THEN LOCAL AUTHORITIES CAN      

 ASSUME THE THREAT IS PASSED. DANGER TO BOATS AND COASTAL            

 STRUCTURES CAN CONTINUE FOR SEVERAL HOURS DUE TO RAPID CURRENTS.    

 AS LOCAL CONDITIONS CAN CAUSE A WIDE VARIATION IN TSUNAMI WAVE      

 ACTION THE ALL CLEAR DETERMINATION MUST BE MADE BY LOCAL            

 AUTHORITIES.                                                        

ESTIMATED INITIAL TSUNAMI WAVE ARRIVAL TIMES. ACTUAL ARRIVAL TIMES

MAY DIFFER AND THE INITIAL WAVE MAY NOT BE THE LARGEST. THE TIME

BETWEEN SUCCESSIVE TSUNAMI WAVES CAN BE FIVE MINUTES TO ONE HOUR.

 LOCATION                            COORDINATES     ARRIVAL TIME

 --------------------------------    ------------    ------------

 NEW CALEDONIA    NOUMEA             22.3S 166.5E    0648Z 29 AUG

 FIJI             SUVA               18.1S 178.4E    0706Z 29 AUG

BULLETINS WILL BE ISSUED HOURLY OR SOONER IF CONDITIONS WARRANT.

THE TSUNAMI WARNING WILL REMAIN IN EFFECT UNTIL FURTHER NOTICE.

THE WEST COAST/ALASKA TSUNAMI WARNING CENTER WILL ISSUE BULLETINS

FOR ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

In case 1., where there aren’t any observations of waves, or the waves were not yet due to arrive, there is no measurement section, and the text for the evaluation section reads the same as for the initial fixed TRW:

IT IS NOT KNOWN THAT A TSUNAMI WAS GENERATED.  THIS WARNING IS

BASED ONLY ON THE EARTHQUAKE EVALUATION. AN EARTHQUAKE OF THIS

SIZE HAS THE POTENTIAL TO GENERATE A DESTRUCTIVE TSUNAMI THAT CAN

STRIKE COASTLINES IN THE REGION NEAR THE EPICENTER WITHIN MINUTES

TO HOURS. AUTHORITIES IN THE REGION SHOULD TAKE APPROPRIATE

ACTION IN RESPONSE TO THIS POSSIBILITY. THIS CENTER WILL CONTINUE

TO MONITOR SEA LEVEL GAUGES NEAREST THE REGION AND REPORT IF ANY

TSUNAMI WAVE ACTIVITY IS OBSERVED. THE WARNING WILL NOT EXPAND

TO OTHER AREAS OF THE PACIFIC UNLESS ADDITIONAL DATA ARE RECEIVED

TO WARRANT SUCH AN EXPANSION.

If there is no danger, or the danger has passed, then the watchstander can issue the fixed TRW cancellation.

bp.  Expanding Tsunami Watch/Warning

The expanding tsunami watch/warning is issued for shallow, under sea earthquakes in the Pacific Basin where Mw > 7.8.  A graphical explanation of the watch and warning areas was given in chapter 2. In this section we describe the text of these messages. The expanding TRW texts are similar to those of the fixed TRW, but contain an additional section listing warning points placed in a watch. Recall that the watch area is the region between greater than 3 and up to 6 hours tsunami travel-time from where the leading edge of the tsunami waves could be.

An example of the initial expanding TRW is given below:

TSUNAMI BULLETIN NUMBER 001

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 0830Z 30 AUG 2005

THIS BULLETIN IS FOR ALL AREAS OF THE PACIFIC BASIN EXCEPT

ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

... A TSUNAMI WARNING AND WATCH ARE IN EFFECT ...

A TSUNAMI WARNING IS IN EFFECT FOR

 NEW CALEDONIA / FIJI / NEW ZEALAND 

A TSUNAMI WATCH IS IN EFFECT FOR

 NAURU / AMERICAN SAMOA / SAMOA / COOK ISLANDS / KOSRAE / 

 MARSHALL IS. / POHNPEI 
FOR ALL OTHER PACIFIC AREAS, THIS MESSAGE IS AN ADVISORY ONLY.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  0815Z 30 AUG 2005

 COORDINATES -  22.0 SOUTH  170.6 EAST 

 LOCATION    -  LOYALTY ISLANDS REGION

 MAGNITUDE   -  8.1

EVALUATION

 IT IS NOT KNOWN THAT A TSUNAMI WAS GENERATED. THIS WARNING IS       

 BASED ONLY ON THE EARTHQUAKE EVALUATION. AN EARTHQUAKE OF THIS      

 SIZE HAS THE POTENTIAL TO GENERATE A DESTRUCTIVE TSUNAMI THAT CAN   

 STRIKE COASTLINES NEAR THE EPICENTER WITHIN MINUTES AND MORE        

 DISTANT COASTLINES WITHIN HOURS. AUTHORITIES SHOULD TAKE            

 APPROPRIATE ACTION IN RESPONSE TO THIS POSSIBILITY. THIS CENTER     

 WILL MONITOR SEA LEVEL DATA FROM GAUGES NEAR THE EARTHQUAKE TO      

 DETERMINE IF A TSUNAMI WAS GENERATED AND ESTIMATE THE SEVERITY OF   

 THE THREAT.                                                         

ESTIMATED INITIAL TSUNAMI WAVE ARRIVAL TIMES. ACTUAL ARRIVAL TIMES

MAY DIFFER AND THE INITIAL WAVE MAY NOT BE THE LARGEST. THE TIME

BETWEEN SUCCESSIVE TSUNAMI WAVES CAN BE FIVE MINUTES TO ONE HOUR.

 LOCATION                            COORDINATES     ARRIVAL TIME

 --------------------------------    ------------    ------------

 NEW CALEDONIA    NOUMEA             22.3S 166.5E    0932Z 30 AUG

 FIJI             SUVA               18.1S 178.4E    0950Z 30 AUG

 NEW ZEALAND      NORTH CAPE         34.4S 173.3E    1025Z 30 AUG

                  GISBORNE           38.1S 176.4E    1119Z 30 AUG

                  AUCKLAND(W)        37.1S 174.2E    1125Z 30 AUG

                  EAST CAPE          36.2S 175.1E    1128Z 30 AUG

                  NEW PLYMOUTH       39.1S 174.1E    1202Z 30 AUG

                  AUCKLAND(E)        36.7S 175.0E    1205Z 30 AUG

                  NAPIER             39.5S 176.9E    1219Z 30 AUG

                  MILFORD SOUND      44.6S 167.9E    1227Z 30 AUG

                  WELLINGTON         41.3S 174.8E    1230Z 30 AUG

                  WESTPORT           41.8S 171.6E    1242Z 30 AUG

                  NELSON             41.3S 173.3E    1310Z 30 AUG

                  LYTTELTON          43.6S 172.7E    1334Z 30 AUG

                  BLUFF              46.6S 168.3E    1345Z 30 AUG

                  DUNEDIN            45.9S 170.5E    1410Z 30 AUG

 NAURU            NAURU               0.5S 166.9E    1141Z 30 AUG

 AMERICAN SAMOA   PAGO PAGO          14.3S 170.7W    1144Z 30 AUG

 SAMOA            APIA               13.8S 171.8W    1151Z 30 AUG

 COOK ISLANDS     RAROTONGA          21.2S 159.8W    1229Z 30 AUG

 KOSRAE           KOSRAE IS.          5.5N 163.0E    1234Z 30 AUG

 MARSHALL IS.     MAJURO              7.1N 171.4E    1250Z 30 AUG

                  KWAJALEIN           8.7N 167.7E    1301Z 30 AUG

                  ENIWETOK           11.4N 162.3E    1326Z 30 AUG

 POHNPEI          POHNPEI IS.         7.0N 158.2E    1307Z 30 AUG

BULLETINS WILL BE ISSUED HOURLY OR SOONER IF CONDITIONS WARRANT.

THE TSUNAMI WARNING AND WATCH WILL REMAIN IN EFFECT UNTIL

FURTHER NOTICE.

THE WEST COAST/ALASKA TSUNAMI WARNING CENTER WILL ISSUE BULLETINS

FOR ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.
The watch and warning sections are in bold font. The expanding TRW has the arrival times to all warning points in the watch and warning regions. As time goes on, this list gets bigger, and warning points originally in an advisory may be placed in a watch, and likewise, warning points in a watch may be placed in a warning.

During expanding regional warning situations, supplemental bulletins are generally issued. As for the fixed TRW, there are three possibilities with respect to wave height observations, no waves, small waves or destructive waves. And the course of action depending on these possibilities is the same as for the fixed TRW as well. A sample supplemental expanding TRW is given below. Note the measurement section is in bold and the bulletin number is 2.

TSUNAMI BULLETIN NUMBER 002

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 0930Z 30 AUG 2005

THIS BULLETIN IS FOR ALL AREAS OF THE PACIFIC BASIN EXCEPT

ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

... A TSUNAMI WARNING AND WATCH ARE IN EFFECT ...

A TSUNAMI WARNING IS IN EFFECT FOR

 NEW CALEDONIA / FIJI / NEW ZEALAND 

A TSUNAMI WATCH IS IN EFFECT FOR

 NAURU / AMERICAN SAMOA / SAMOA / COOK ISLANDS / KOSRAE / 

 MARSHALL IS. / POHNPEI 

FOR ALL OTHER PACIFIC AREAS, THIS MESSAGE IS AN ADVISORY ONLY.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  0815Z 30 AUG 2005

 COORDINATES -  22.0 SOUTH  170.6 EAST 

 LOCATION    -  LOYALTY ISLANDS REGION

 MAGNITUDE   -  8.1

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY

 GAUGE LOCATION        LAT   LON    TIME    AMPL    PER

 -------------------  ----- ------  -----  ------  -----

 KINGS WHARF          18.1S 178.4W  0725Z   0.28M  12MIN

 PORT VILA            17.8S 168.3E  0640Z   0.21M  10MIN

 TIME - TIME OF THE MEASUREMENT

 AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST OR MIDDLE

        TO TROUGH OR HALF OF THE CREST TO TROUGH

 PER  - PERIOD OF TIME FROM ONE WAVE CREST TO THE NEXT

EVALUATION

 SEA LEVEL READINGS INDICATE A TSUNAMI WAS GENERATED. IT MAY HAVE    

 BEEN DESTRUCTIVE ALONG COASTS NEAR THE EARTHQUAKE EPICENTER AND     

 COULD ALSO BE A THREAT TO MORE DISTANT COASTS. AUTHORITIES SHOULD   

 TAKE APPROPRIATE ACTION IN RESPONSE TO THIS POSSIBILITY. THIS       

 CENTER WILL CONTINUE TO MONITOR SEA LEVEL DATA TO DETERMINE THE     

 EXTENT AND SEVERITY OF THE THREAT.                                  

 FOR ALL AREAS - WHEN NO MAJOR WAVES ARE OBSERVED FOR TWO HOURS      

 AFTER THE ESTIMATED TIME OF ARRIVAL OR DAMAGING WAVES HAVE NOT      

 OCCURRED FOR AT LEAST TWO HOURS THEN LOCAL AUTHORITIES CAN ASSUME   

 THE THREAT IS PASSED. DANGER TO BOATS AND COASTAL STRUCTURES CAN    

 CONTINUE FOR SEVERAL HOURS DUE TO RAPID CURRENTS. AS LOCAL          

 CONDITIONS CAN CAUSE A WIDE VARIATION IN TSUNAMI WAVE ACTION THE    

 ALL CLEAR DETERMINATION MUST BE MADE BY LOCAL AUTHORITIES.          

ESTIMATED INITIAL TSUNAMI WAVE ARRIVAL TIMES. ACTUAL ARRIVAL TIMES

MAY DIFFER AND THE INITIAL WAVE MAY NOT BE THE LARGEST. THE TIME

BETWEEN SUCCESSIVE TSUNAMI WAVES CAN BE FIVE MINUTES TO ONE HOUR.

 LOCATION                            COORDINATES     ARRIVAL TIME

 --------------------------------    ------------    ------------

 NEW CALEDONIA    NOUMEA             22.3S 166.5E    0932Z 30 AUG

 FIJI             SUVA               18.1S 178.4E    0950Z 30 AUG

 NEW ZEALAND      NORTH CAPE         34.4S 173.3E    1025Z 30 AUG

                  GISBORNE           38.1S 176.4E    1119Z 30 AUG

                  AUCKLAND(W)        37.1S 174.2E    1125Z 30 AUG

                  EAST CAPE          36.2S 175.1E    1128Z 30 AUG

           (NOTE: A LARGE NUMBER OF ARRIVAL TIMES CUT OUT)

BULLETINS WILL BE ISSUED HOURLY OR SOONER IF CONDITIONS WARRANT.

THE TSUNAMI WARNING AND WATCH WILL REMAIN IN EFFECT UNTIL

FURTHER NOTICE.

THE WEST COAST/ALASKA TSUNAMI WARNING CENTER WILL ISSUE BULLETINS

FOR ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

If there are no observations of tsunami waves, the evaluation text reads:

IT IS NOT KNOWN THAT A TSUNAMI WAS GENERATED. THIS WARNING IS

BASED ONLY ON THE EARTHQUAKE EVALUATION. AN EARTHQUAKE OF THIS

SIZE HAS THE POTENTIAL TO GENERATE A DESTRUCTIVE TSUNAMI THAT CAN

STRIKE COASTLINES NEAR THE EPICENTER WITHIN MINUTES AND MORE

DISTANT COASTLINES WITHIN HOURS. AUTHORITIES SHOULD TAKE

APPROPRIATE ACTION IN RESPONSE TO THIS POSSIBILITY. THIS CENTER

WILL CONTINUE TO MONITOR SEA LEVEL DATA FROM GAUGES NEAR THE

EARTHQUAKE TO DETERMINE IF A TSUNAMI WAS GENERATED AND ESTIMATE

THE SEVERITY OF THE THREAT.

 If there are no observations of tsunami waves or the waves are small and the watchstander is confident they will not grow, the watchstander should issue a cancellation. The expanding TRW cancellation bulletin is given below with measurement section in bold font. In the cancellation message the watch/warning and travel time sections are omitted.

TSUNAMI BULLETIN NUMBER 003

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 1030Z 30 AUG 2005

THIS BULLETIN IS FOR ALL AREAS OF THE PACIFIC BASIN EXCEPT

ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

... TSUNAMI WARNING AND WATCH CANCELLATION ...

THE TSUNAMI WARNING AND WATCH ARE CANCELLED FOR ALL COASTAL AREAS

AND ISLANDS IN THE PACIFIC.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  0815Z 30 AUG 2005

 COORDINATES -  22.0 SOUTH  170.6 EAST 

 LOCATION    -  LOYALTY ISLANDS REGION

 MAGNITUDE   -  8.1

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY

 GAUGE LOCATION        LAT   LON    TIME    AMPL    PER

 -------------------  ----- ------  -----  ------  -----

 KINGS WHARF          18.1S 178.4W  0725Z   0.28M  12MIN

 PORT VILA            17.8S 168.3E  0640Z   0.21M  10MIN

 TIME - TIME OF THE MEASUREMENT

 AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST OR MIDDLE

        TO TROUGH OR HALF OF THE CREST TO TROUGH

 PER  - PERIOD OF TIME FROM ONE WAVE CREST TO THE NEXT

EVALUATION

 SEA LEVEL READINGS INDICATE A TSUNAMI WAS GENERATED. IT MAY HAVE    

 BEEN DESTRUCTIVE ALONG COASTS NEAR THE EARTHQUAKE EPICENTER. FOR    

 THOSE AREAS - WHEN NO MAJOR WAVES ARE OBSERVED FOR TWO HOURS        

 AFTER THE ESTIMATED TIME OF ARRIVAL OR DAMAGING WAVES HAVE NOT      

 OCCURRED FOR AT LEAST TWO HOURS THEN LOCAL AUTHORITIES CAN ASSUME   

 THE THREAT IS PASSED. DANGER TO BOATS AND COASTAL STRUCTURES CAN    

 CONTINUE FOR SEVERAL HOURS DUE TO RAPID CURRENTS. AS LOCAL          

 CONDITIONS CAN CAUSE A WIDE VARIATION IN TSUNAMI WAVE ACTION THE    

 ALL CLEAR DETERMINATION MUST BE MADE BY LOCAL AUTHORITIES.          

 NO TSUNAMI THREAT EXISTS FOR OTHER COASTAL AREAS IN THE PACIFIC     

 ALTHOUGH SOME OTHER AREAS MAY EXPERIENCE SMALL SEA LEVEL CHANGES.   

 FOR ALL AREAS THE TSUNAMI WARNING AND TSUNAMI WATCH ARE             

 CANCELLED.                                                          

THIS WILL BE THE FINAL BULLETIN ISSUED FOR THIS EVENT UNLESS

ADDITIONAL INFORMATION BECOMES AVAILABLE.

THE WEST COAST/ALASKA TSUNAMI WARNING CENTER WILL ISSUE BULLETINS

FOR ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

If there are no observations of tsunami waves to report, the evaluation section reads:

SEA LEVEL READINGS DO NOT SHOW ANY TSUNAMI SIGNALS. IF A TSUNAMI

WAS GENERATED IT DOES NOT POSE A THREAT TO ANY AREAS OUTSIDE THE

EPICENTRAL REGION. FOR ALL AREAS THE TSUNAMI WARNING AND TSUNAMI

WATCH ARE CANCELLED.

bq.  Pacific-Wide Tsunami Warning

The Pacific-Wide Tsunami Warning is the most severe bulletin issued by the PTWC. This bulletin is issued when there is sufficient evidence that a tsunami will cause wide spread destruction in the Pacific Basin. The PWTW is never the first bulletin issued; but can follow after an expanding TRW.  These bulletins lack watch and warning sections as now all points in the Pacific Basin are in a warning. Furthermore the list of arrival times now includes all warning points. The initial PWTW is shown below:

TSUNAMI BULLETIN NUMBER 004

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 2020Z 30 AUG 2005

THIS BULLETIN IS FOR ALL AREAS OF THE PACIFIC BASIN EXCEPT

ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

... A PACIFIC-WIDE TSUNAMI WARNING IS IN EFFECT ...

THIS WARNING IS FOR ALL COASTAL AREAS AND ISLANDS IN THE PACIFIC.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  1800Z 30 AUG 2005

 COORDINATES -  22.0 SOUTH  170.6 EAST 

 LOCATION    -  LOYALTY ISLANDS REGION

 MAGNITUDE   -  8.1

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY

 GAUGE LOCATION        LAT   LON    TIME    AMPL    PER

 -------------------  ----- ------  -----  ------  -----

 KINGS WHARF          18.1S 178.4W  1950Z   6.28M  43MIN

 PORT VILA            17.8S 168.3E  1920Z   8.21M  48MIN

 TIME - TIME OF THE MEASUREMENT

 AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST OR MIDDLE

        TO TROUGH OR HALF OF THE CREST TO TROUGH

 PER  - PERIOD OF TIME FROM ONE WAVE CREST TO THE NEXT

EVALUATION

 SEA LEVEL READINGS CONFIRM THAT A TSUNAMI HAS BEEN GENERATED        

 WHICH COULD CAUSE WIDESPREAD DAMAGE TO COASTS AND ISLANDS IN THE    

 PACIFIC. AUTHORITIES SHOULD TAKE APPROPRIATE ACTION IN RESPONSE     

 TO THIS THREAT. THIS CENTER WILL CONTINUE TO MONITOR SEA LEVEL      

 DATA TO DETERMINE THE EXTENT AND SEVERITY OF THE THREAT.            

 A TSUNAMI IS A SERIES OF WAVES AND THE FIRST WAVE MAY NOT BE THE    

 LARGEST. TSUNAMI WAVE HEIGHTS CANNOT BE PREDICTED AND CAN VARY      

 SIGNIFICANTLY ALONG A COAST DUE TO LOCAL EFFECTS. THE TIME FROM     

 ONE TSUNAMI WAVE TO THE NEXT CAN BE FIVE MINUTES TO AN HOUR, AND    

 THE THREAT CAN CONTINUE FOR MANY HOURS AS MULTIPLE WAVES ARRIVE.    

 FOR ALL AREAS - WHEN NO MAJOR WAVES ARE OBSERVED FOR TWO HOURS      

 AFTER THE ESTIMATED TIME OF ARRIVAL OR DAMAGING WAVES HAVE NOT      

 OCCURRED FOR AT LEAST TWO HOURS THEN LOCAL AUTHORITIES CAN ASSUME   

 THE THREAT IS PASSED. DANGER TO BOATS AND COASTAL STRUCTURES CAN    

 CONTINUE FOR SEVERAL HOURS DUE TO RAPID CURRENTS. AS LOCAL          

 CONDITIONS CAN CAUSE A WIDE VARIATION IN TSUNAMI WAVE ACTION THE    

 ALL CLEAR DETERMINATION MUST BE MADE BY LOCAL AUTHORITIES.          

ESTIMATED INITIAL TSUNAMI WAVE ARRIVAL TIMES. ACTUAL ARRIVAL TIMES

MAY DIFFER AND THE INITIAL WAVE MAY NOT BE THE LARGEST. THE TIME

BETWEEN SUCCESSIVE TSUNAMI WAVES CAN BE FIVE MINUTES TO ONE HOUR.

 LOCATION                            COORDINATES     ARRIVAL TIME

 --------------------------------    ------------    ------------

 NEW CALEDONIA    NOUMEA             22.3S 166.5E    1917Z 30 AUG

 FIJI             SUVA               18.1S 178.4E    1935Z 30 AUG

 NEW ZEALAND      NORTH CAPE         34.4S 173.3E    2010Z 30 AUG

                  GISBORNE           38.1S 176.4E    2104Z 30 AUG

                  AUCKLAND(W)        37.1S 174.2E    2110Z 30 AUG

                  EAST CAPE          36.2S 175.1E    2113Z 30 AUG

                  NEW PLYMOUTH       39.1S 174.1E    2147Z 30 AUG

                  AUCKLAND(E)        36.7S 175.0E    2150Z 30 AUG

                  NAPIER             39.5S 176.9E    2204Z 30 AUG

             (NOTE: A LARGE NUMBER OF ARRIVAL TIMES CUT OUT)

BULLETINS WILL BE ISSUED HOURLY OR SOONER IF CONDITIONS WARRANT.

THE TSUNAMI WARNING WILL REMAIN IN EFFECT UNTIL FURTHER NOTICE.

THE WEST COAST/ALASKA TSUNAMI WARNING CENTER WILL ISSUE BULLETINS

FOR ALASKA - BRITISH COLUMBIA - WASHINGTON - OREGON - CALIFORNIA.

The list of travel-times is abbreviated in the above example; there are many more.

The supplemental PWTW is basically the same. However pacbul will ask the watchstander whether or not the tsunami travel-time list should be included. Obviously, this list adds quite a bit to the length of the message and that may be an issue for clients with limited bandwidth. 

Now if further observations of waves suggest that the tsunami will not cause destruction or that the tsunami wave heights have fallen, Pacific-wide, to low levels, the watchstander should issue the PWTW cancellation bulletin. The evaluation section has three options. The first option below is used when the Pacific–wide tsunami threat didn’t materialize as feared.

FURTHER EVALUATION OF SEA LEVEL DATA INDICATE THAT A WIDESPREAD

DESTRUCTIVE TSUNAMI WAS NOT GENERATED ALTHOUGH TSUNAMI WAVES MAY

HAVE BEEN DAMAGING TO COASTS NEAR THE EARTHQUAKE EPICENTER. FOR

THOSE AREAS - WHEN NO MAJOR WAVES ARE OBSERVED FOR TWO HOURS

AFTER THE ESTIMATED TIME OF ARRIVAL OR DAMAGING WAVES HAVE NOT

OCCURRED FOR AT LEAST TWO HOURS THEN LOCAL AUTHORITIES CAN ASSUME

THE THREAT IS PASSED. DANGER TO BOATS AND COASTAL STRUCTURES CAN

CONTINUE FOR SEVERAL HOURS DUE TO RAPID CURRENTS. AS LOCAL

CONDITIONS CAN CAUSE A WIDE VARIATION IN TSUNAMI WAVE ACTION THE

ALL CLEAR DETERMINATION MUST BE MADE BY LOCAL AUTHORITIES.

NO TSUNAMI THREAT EXISTS FOR OTHER COASTAL AREAS IN THE PACIFIC 

ALTHOUGH SOME OTHER AREAS MAY EXPERIENCE SMALL SEA LEVEL CHANGES.

FOR ALL AREAS THE TSUNAMI WARNING IS CANCELLED.

The second option is to be used when a tsunami is not expected to damage any other areas in addition to what has already been damaged.

SEA LEVEL DATA INDICATE THAT A WIDESPREAD DESTRUCTIVE TSUNAMI HAS

OCCURRED. HOWEVER - ADDITIONAL DESTRUCTIVE TSUNAMI IMPACTS ARE 

NOT EXPECTED FOR COASTAL AREAS NOT ALREADY AFFECTED.  FOR THOSE

AFFECTED AREAS - WHEN NO MAJOR WAVES ARE OBSERVED FOR TWO HOURS

AFTER THE ESTIMATED TIME OF ARRIVAL OR DAMAGING WAVES HAVE NOT

OCCURRED FOR AT LEAST TWO HOURS THEN LOCAL AUTHORITIES CAN ASSUME

THE THREAT IS PASSED. DANGER TO BOATS AND COASTAL STRUCTURES CAN

CONTINUE FOR SEVERAL HOURS DUE TO RAPID CURRENTS. AS LOCAL

CONDITIONS CAN CAUSE A WIDE VARIATION IN TSUNAMI WAVE ACTION THE

ALL CLEAR DETERMINATION MUST BE MADE BY LOCAL AUTHORITIES.

NO TSUNAMI THREAT EXISTS FOR OTHER COASTAL AREAS IN THE PACIFIC 

ALTHOUGH SOME OTHER AREAS MAY EXPERIENCE SMALL SEA LEVEL CHANGES.

FOR ALL AREAS THE TSUNAMI WARNING IS CANCELLED.
The third option is to be used when a destructive Pacific-wide tsunami was generated but has since dissipated and wave heights have gone down non-destructive levels.

A WIDESPREAD DESTRUCTIVE TSUNAMI HAS OCCURRED, AND TSUNAMI WAVES 

HAVE NOW CROSSED THE ENTIRE PACIFIC. FOR ALL AREAS - WHEN NO

MAJOR WAVES ARE OBSERVED FOR TWO HOURS AFTER THE ESTIMATED TIME 

OF ARRIVAL OR DAMAGING WAVES HAVE NOT OCCURRED FOR AT LEAST TWO

HOURS THEN LOCAL AUTHORITIES CAN ASSUME THE THREAT IS PASSED. 

DANGER TO BOATS AND COASTAL STRUCTURES CAN CONTINUE FOR SEVERAL

HOURS DUE TO RAPID CURRENTS. AS LOCAL CONDITIONS CAN CAUSE A WIDE

VARIATION IN TSUNAMI WAVE ACTION THE ALL CLEAR DETERMINATION MUST

BE MADE BY LOCAL AUTHORITIES. DUE TO LOCAL EFFECTS SOME AREAS MAY

CONTINUE TO EXPERIENCE SMALL SEA LEVEL CHANGES FOR AN EXTENDED

PERIOD LASTING HOURS OR EVEN DAYS.

FOR ALL AREAS THE TSUNAMI WARNING IS CANCELLED.

AO.  Hawaii Bulletins

br. Bulletins for Earthquakes Outside Hawaii

lxxv. Tsunami Information Statement
When a TIB is issued to the Pacific AOR, one must also be issued to Hawaii. The corresponding TIB issued to the State of Hawaii for an earthquake in the Loyalty Islands earthquake is shown below:

TSUNAMI INFORMATION STATEMENT 001

PACIFIC TSUNAMI WARNING CENTER

0726 AM HST 11 APR 2005

TO - CIVIL DEFENSE IN THE STATE OF HAWAII

SUBJECT - TSUNAMI INFORMATION
THIS STATEMENT IS FOR INFORMATION ONLY. NO ACTION REQUIRED.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

   ORIGIN TIME - 0709 AM HST 11 APR 2005

   COORDINATES - 22.0 SOUTH  170.6 EAST

   LOCATION    - LOYALTY ISLANDS REGION

   MAGNITUDE   - 6.7  MOMENT

EVALUATION

 BASED ON ALL AVAILABLE DATA A DESTRUCTIVE PACIFIC-WIDE TSUNAMI IS

 NOT EXPECTED AND THERE IS NO TSUNAMI THREAT TO HAWAII. REPEAT. A

 DESTRUCTIVE PACIFIC-WIDE TSUNAMI IS NOT EXPECTED AND THERE IS NO

 TSUNAMI THREAT TO HAWAII.

THIS WILL BE THE ONLY STATEMENT ISSUED FOR THIS EVENT UNLESS

ADDITIONAL DATA ARE RECEIVED.

The format is similar to the international TIB but in the case of the Hawaii message, the evaluation for the earthquake is always the same; there is no tsunami threat to the State of Hawaii.

lxxvi. Tsunami Advisory Bulletins

The tsunami advisory is issued to Hawaii when a Regional Watch/Warning has been issued to the Pacific Basin, but the leading edge of the tsunami waves are not due to arrive in the Hawaiian for more than 6 hours from when the bulletin is issued.

In the example of an initial advisory bulletin below (actual message for the Peru 2001 earthquake), it has not yet been determined if a tsunami was generated. The message informs the state that a large earthquake occurred off of the coast of Peru and the tsunami, if generated is not due for ~12 hours.

TSUNAMI MESSAGE NUMBER 001

PACIFIC TSUNAMI WARNING CENTER

11:16 AM HST 23 JUN 2001

TO:  CIVIL DEFENSE IN THE STATE OF HAWAII

SUBJECT:  TSUNAMI ADVISORY
A WATCH OR WARNING IS NOT IN EFFECT FOR THE STATE OF

HAWAII AT THIS TIME.  HOWEVER, THE PACIFIC TSUNAMI

WARNING CENTER HAS ISSUED A TSUNAMI WATCH AND WARNING

FOR OTHER PARTS OF THE PACIFIC, AND THERE IS THE

POSSIBILITY THAT A WATCH OR WARNING MAY BE ISSUED FOR

HAWAII IN THE NEAR FUTURE.

AN EARTHQUAKE HAS OCCURRED WITH THE FOLLOWING PRELIMINARY

PARAMETERS:

   ORIGIN TIME - 10:33 AM HST, 23 JUN 2001

   COORDINATES - 16.0 SOUTH,  73.3 WEST

   LOCATION    - NEAR COAST OF PERU

   MAGNITUDE   - 8.0 (RICHTER)

   MAGNITUDE   - 8.2 (MOMENT)

EVALUATION:  THIS ADVISORY IS BASED MAINLY ON EARTHQUAKE

             DATA.  IT IS NOT KNOWN AT THIS TIME

             WHETHER A PACIFIC-WIDE DESTRUCTIVE TSUNAMI

             HAS BEEN GENERATED.  AN INVESTIGATION IS

             UNDERWAY TO DETERMINE THE TSUNAMI THREAT.

IF A TSUNAMI HAS BEEN GENERATED, THE ESTIMATED EARLIEST

TIME OF ARRIVAL IN HAWAII OF THE FIRST TSUNAMI WAVE IS:

                 11:52 PM HST, 23 JUN 2001

MESSAGES WILL BE ISSUED HOURLY OR SOONER AS CONDITIONS

WARRANT.

While a Regional Watch/Warning is in progress in the Pacific Basin, supplemental bulletins must be issued to the State of Hawaii hourly or when new important data is received. The example below was also issued during the Peru 2001 earthquake and contains wave heights for gauges in Peru and Northern Chile.

TSUNAMI MESSAGE NUMBER 003

PACIFIC TSUNAMI WARNING CENTER

01:13 PM HST 23 JUN 2001

TO:  CIVIL DEFENSE IN THE STATE OF HAWAII

SUBJECT:  TSUNAMI ADVISORY
A WATCH OR WARNING IS NOT IN EFFECT FOR THE STATE OF

HAWAII AT THIS TIME.  HOWEVER, THE PACIFIC TSUNAMI

WARNING CENTER HAS ISSUED A TSUNAMI WATCH AND WARNING

FOR OTHER PARTS OF THE PACIFIC, AND THERE IS THE

POSSIBILITY THAT A WATCH OR WARNING MAY BE ISSUED FOR

HAWAII IN THE NEAR FUTURE.

AN EARTHQUAKE HAS OCCURRED WITH THE FOLLOWING PRELIMINARY

PARAMETERS:

   ORIGIN TIME - 10:33 AM HST, 23 JUN 2001

   COORDINATES - 16.0 SOUTH,  73.3 WEST

   LOCATION    - NEAR COAST OF PERU

   MAGNITUDE   - 8.2 (RICHTER)

   MAGNITUDE   - 8.2 (MOMENT)

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY:

    ARICA, CHILE            1.5 METERS PEAK-TO-PEAK PERIOD = 35 MINUTES

   IQUIQUE, CHILE           0.8 METERS PEAK-TO-PEAK PERIOD = 20 MINUTES

   ANTOFAGASTA, CHILE       0.6 METERS PEAK-TO-PEAK PERIOD = 18 MINUTES

   CALLAO, PERU             0.2 METERS PEAK-TO-PEAK PERIOD = 14 MINURES

   CALDERA, CHILE           0.8 METERS PEAK-TO-PEAK PERIOD = 18 MINUTES

EVALUATION:  THIS ADVISORY IS BASED ON EARTHQUAKE AND SEA-LEVEL

             DATA.  IT IS NOT KNOWN AT THIS TIME

             WHETHER A PACIFIC-WIDE DESTRUCTIVE TSUNAMI

             HAS BEEN GENERATED.  AN INVESTIGATION IS

             UNDERWAY TO DETERMINE THE TSUNAMI THREAT.

IF A TSUNAMI HAS BEEN GENERATED, THE ESTIMATED EARLIEST

TIME OF ARRIVAL IN HAWAII OF THE FIRST TSUNAMI WAVE IS:

                 11:52 PM HST, 23 JUN 2001

MESSAGES WILL BE ISSUED HOURLY OR SOONER AS CONDITIONS

WARRANT.

When it is determined that a tsunami was not generated or does not pose a threat to the State of Hawaii, the watchstander should issue a final advisory. Typically, this bulletin is co-issued with the cancellation of a Watch/Warning issued to the Pacific Basin.

The example below is the final advisory issued to the State of Hawaii for the Peru 2001 earthquake.

TSUNAMI MESSAGE NUMBER 009

PACIFIC TSUNAMI WARNING CENTER

07:09 PM HST 23 JUN 2001

TO:  CIVIL DEFENSE IN THE STATE OF HAWAII

SUBJECT:  FINAL TSUNAMI ADVISORY
A TSUNAMI WATCH OR WARNING WILL NOT BE ISSUED TO THE

STATE OF HAWAII FOR THIS EVENT.

AN EARTHQUAKE HAS OCCURRED WITH THE FOLLOWING PRELIMINARY

PARAMETERS:

   ORIGIN TIME - 10:33 AM HST, 23 JUN 2001

   COORDINATES - 16.0 SOUTH,  73.3 WEST

   LOCATION    - NEAR COAST OF PERU

   MAGNITUDE   - 8.2 (RICHTER)

   MAGNITUDE   - 8.2 (MOMENT)

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY:

    ARICA, CHILE          2.5 METERS PEAK-TO-TROUGH PERIOD = 15 MINUTES

   IQUIQUE, CHILE         1.5 METERS PEAK-TO-TROUGH PERIOD = 20 MINUTES

   ANTOFAGASTA, CHILE     0.9 METERS PEAK-TO-TROUGH PERIOD = 18 MINUTES

   CALLAO, PERU           0.4 METERS PEAK-TO-TROUGH PERIOD = 14 MINUTES

   CALDERA, CHILE         1.0 METERS PEAK-TO-TROUGH PERIOD = 16 MINUTES

   JUAN FERNANDEZ, CHILE  0.8 METERS PEAK-TO-TROUGH PERIOD = 10 MINUTES

   EVALUATION:  A PACIFIC-WIDE DESTRUCTIVE TSUNAMI WAS NOT

             GENERATED BY THIS EVENT.  HOWEVER, SOME

             COASTAL AREAS IN THE STATE OF HAWAII MAY

             EXPERIENCE SMALL SEA LEVEL CHANGES, AND

             STRONG OR UNUSUAL CURRENTS LASTING FOR UP

             TO SEVERAL HOURS, AND ESTIMATED TO BEGIN AT

             11:52 PM HST, 23 JUN 2001.

THIS WILL BE THE FINAL MESSAGE ISSUED FOR THIS EVENT.

lxxvii. Tsunami Watch Bulletins

A tsunami watch bulletin is issued to the State of Hawaii when a Pacific RWW is in effect and the leading edge of the tsunami waves (assuming one was generated) are less than 6 hours travel-time away from Hawaii. The exception to this rule is earthquakes that occur in the Pacific Basin north of 35N. In this case Civil Defense has decided that, because earthquakes in this region do not require much more than 6 hours to reach Hawaii, a watch should be issued and not an advisory.

An example initial Watch Bulletin appears below. It is similar to the advisory bulletin, except that “ADVISORY” is replaced with “WATCH” in the subject, and there is a statement to the effect that a watch was issued for the State of Hawaii.

TSUNAMI MESSAGE NUMBER 001

PACIFIC TSUNAMI WARNING CENTER

0859 PM HST 03 SEP 2005

TO - CIVIL DEFENSE IN THE STATE OF HAWAII

SUBJECT - TSUNAMI WATCH
A TSUNAMI WATCH IS ISSUED FOR THE STATE OF HAWAII EFFECTIVE AT

0859 PM HST.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

   ORIGIN TIME - 0112 PM HST 03 SEP 2005

   COORDINATES - 16.0 SOUTH   73.3 WEST

   LOCATION    - NEAR COAST OF PERU

   MAGNITUDE   - 8.2  MOMENT

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY

 GAUGE LOCATION        LAT   LON    TIME    AMPL    PER

 -------------------  ----- ------  -----  ------  -----

 Arica, Chile         18.1S 178.4W  0250Z   0.88M  12MIN

 Antofagsta, Chile    17.8S 168.3E  0420Z   0.91M  10MIN

 TIME - TIME OF THE MEASUREMENT

 AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST OR MIDDLE

        TO TROUGH OR HALF OF THE CREST TO TROUGH

 PER  - PERIOD OF TIME FROM ONE WAVE CREST TO THE NEXT

EVALUATION

 BASED ON ALL AVAILABLE DATA A TSUNAMI MAY HAVE BEEN GENERATED BY

 THIS EARTHQUAKE THAT COULD BE DESTRUCTIVE ON COASTAL AREAS EVEN

 FAR FROM THE EPICENTER. AN INVESTIGATION IS UNDERWAY TO DETERMINE

 IF THERE IS A TSUNAMI THREAT TO HAWAII.

 IF TSUNAMI WAVES IMPACT HAWAII THE ESTIMATED EARLIEST ARRIVAL OF

 THE FIRST TSUNAMI WAVE IS

                     0221 AM HST 04 SEP 2005

MESSAGES WILL BE ISSUED HOURLY OR SOONER AS CONDITIONS WARRANT.
The supplemental and final watch bulletins are similar, except the words “supplemental” or “cancellation” appear in the subject. 

lxxviii. Tsunami Warning Bulletins

A tsunami warning bulletin is issued to the State of Hawaii when a Pacific RWW is in effect and the leading edge of the tsunami waves (assuming one was generated) are less than 3 hours travel-time away from Hawaii. As you may guess this is a rather serious bulletin of grave importance. When a warning is issued to the State of Hawaii, the sirens blow and evacuation of Hawaii’s coastal areas commences. Civil Defense wants 3 hours to conduct an orderly evacuation. Therefore by the time the leading edge of the tsunami waves are within three hours travel-time to Hawaii, the watchstanders, after consultation with the state tsunami advisors need to have already decided on whether or not to issue a message. 

An example initial Warning Bulletin appears below:

TSUNAMI MESSAGE NUMBER 004

PACIFIC TSUNAMI WARNING CENTER

0902 PM HST 03 SEP 2005

TO - CIVIL DEFENSE IN THE STATE OF HAWAII

SUBJECT - TSUNAMI WARNING
A TSUNAMI WARNING IS ISSUED FOR THE STATE OF HAWAII EFFECTIVE AT

0902 PM HST.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

   ORIGIN TIME - 0112 PM HST 03 SEP 2005

   COORDINATES - 16.0 SOUTH   73.3 WEST

   LOCATION    - NEAR COAST OF PERU

   MAGNITUDE   - 8.2  MOMENT

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY

 GAUGE LOCATION        LAT   LON    TIME    AMPL    PER

 -------------------  ----- ------  -----  ------  -----

 Arica, Chile         18.1S 178.4W  0050Z   0.88M  12MIN

 Antofagsta, Chile    17.8S 168.3E  0220Z   0.91M  10MIN

 TIME - TIME OF THE MEASUREMENT

 AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST OR MIDDLE

        TO TROUGH OR HALF OF THE CREST TO TROUGH

 PER  - PERIOD OF TIME FROM ONE WAVE CREST TO THE NEXT

EVALUATION

 A TSUNAMI HAS BEEN GENERATED THAT COULD CAUSE DAMAGE ALONG

 COASTLINES OF ALL ISLANDS IN THE STATE OF HAWAII. URGENT ACTION

 SHOULD BE TAKEN TO PROTECT LIVES AND PROPERTY.

 A TSUNAMI IS A SERIES OF LONG OCEAN WAVES. EACH INDIVIDUAL WAVE

 CREST CAN LAST 5 TO 15 MINUTES OR MORE AND EXTENSIVELY FLOOD

 COASTAL AREAS. THE DANGER CAN CONTINUE FOR MANY HOURS AFTER THE

 INITIAL WAVE AS SUBSEQUENT WAVES ARRIVE. TSUNAMI WAVE HEIGHTS

 CANNOT BE PREDICTED AND THE FIRST WAVE MAY NOT BE THE LARGEST.

 TSUNAMI WAVES EFFICIENTLY WRAP AROUND ISLANDS. ALL SHORES ARE AT

 RISK NO MATTER WHICH DIRECTION THEY FACE. THE TROUGH OF A TSUNAMI

 WAVE MAY TEMPORARILY EXPOSE THE SEAFLOOR BUT THE AREA WILL

 QUICKLY FLOOD AGAIN. EXTREMELY STRONG AND UNUSUAL NEARSHORE

 CURRENTS CAN ACCOMPANY A TSUNAMI. DEBRIS PICKED UP AND CARRIED

 BY A TSUNAMI AMPLIFIES ITS DESTRUCTIVE POWER. SIMULTANEOUS HIGH

 TIDES OR HIGH SURF CAN SIGNIFICANTLY INCREASE THE TSUNAMI HAZARD.

 THE ESTIMATED ARRIVAL TIME IN HAWAII OF THE FIRST TSUNAMI WAVE IS

                     0221 AM HST 04 SEP 2005

MESSAGES WILL BE ISSUED HOURLY OR SOONER AS CONDITIONS WARRANT.
The supplemental watch bulletin is similar and the word “supplement” appears in the subject. The tsunami watch cancellation has three options:

1. Hawaii warning canceled before ETA due to no threat.

2. Hawaii warning canceled before ETA due to no further threat.

3. Hawaii warning canceled after destructive tsunami has passed.

An example of a cancellation with option 3 chosen is shown below:

TSUNAMI MESSAGE NUMBER 006

PACIFIC TSUNAMI WARNING CENTER

0903 PM HST 03 SEP 2005

TO - CIVIL DEFENSE IN THE STATE OF HAWAII

SUBJECT - TSUNAMI WARNING CANCELLATION

THE TSUNAMI WARNING IS CANCELLED FOR THE STATE OF HAWAII EFFECTIVE

AT 0903 PM HST.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

   ORIGIN TIME - 0112 PM HST 03 SEP 2005

   COORDINATES - 16.0 SOUTH   73.3 WEST

   LOCATION    - NEAR COAST OF PERU

   MAGNITUDE   - 8.2  MOMENT

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY

 GAUGE LOCATION        LAT   LON    TIME    AMPL    PER

 -------------------  ----- ------  -----  ------  -----

 Arica, Chile         18.1S 178.4W  0050Z   0.88M  12MIN

 Antofagsta, Chile    17.8S 168.3E  0220Z   0.91M  10MIN

 TIME - TIME OF THE MEASUREMENT

 AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST OR MIDDLE

        TO TROUGH OR HALF OF THE CREST TO TROUGH

 PER  - PERIOD OF TIME FROM ONE WAVE CREST TO THE NEXT

EVALUATION

 BASED ON ALL AVAILABLE DATA THERE IS NO LONGER A DESTRUCTIVE

 TSUNAMI THREAT TO THE STATE OF HAWAII. THEREFORE THE TSUNAMI

 WARNING FOR HAWAII IS CANCELLED.

 HOWEVER SOME COASTAL AREAS IN HAWAII MAY CONTINUE TO EXPERIENCE

 SMALL SEA LEVEL CHANGES AND STRONG OR UNUSUAL CURRENTS LASTING

 FOR SEVERAL MORE HOURS.

THIS TSUNAMI WARNING CANCELLATION DOES NOT MEAN IT IS NOW SAFE TO

RESUME NORMAL ACTIVITIES OR REENTER EVACUATED SHORELINE AREAS.

YOUR COUNTY CIVIL DEFENSE AGENCY AND POLICE DEPARTMENT WILL MAKE

THIS DETERMINATION. STAY TUNED TO YOUR LOCAL BROADCAST STATION FOR

THE CIVIL DEFENSE -ALL CLEAR- ANNOUNCEMENT FOR YOUR AREA.

REPEAT -

DO NOT REENTER EVACUATED SHORELINE AREAS UNTIL ANNOUNCED BY YOUR

COUNTY CIVIL DEFENSE AGENCY. STAY TUNED TO YOUR LOCAL BROADCAST

STATION FOR THE -ALL CLEAR- ANNOUNCEMENT FOR YOUR AREA. PLEASE

YIELD TO ROADBLOCKS AND UNIFORMED OFFICERS WHO ARE CONTROLLING

REENTRY INTO EVACUATED SHORELINE AREAS.

THIS WILL BE THE FINAL MESSAGE ISSUED FOR THIS EVENT UNLESS

ADDITIONAL DATA ARE RECEIVED.
bs. Bulletins for Local (Hawaii) Earthquakes

lxxix. Tsunami Information Statement
PTWC routinely issues local TIBs for earthquakes with magnitudes in the high 3’s or greater. Small earthquakes such as these don’t pose a tsunami threat, however, it gives PTWC a chance to test its responses and as well it informs State Civil Defense that an earthquake occurred. Civil Defense will often get phone calls from worried residents who felt the earthquake. The PTWC TIB informs Civil Defense that the earthquake is too small to be a legitimate tsunami threat. Here is an example of a local TIB:

TSUNAMI STATEMENT NUMBER 001

PACIFIC TSUNAMI WARNING CENTER

0554 AM HST 15 JUL 2005

TO - CIVIL DEFENSE IN THE STATE OF HAWAII

SUBJECT - LOCAL TSUNAMI INFORMATION BULLETIN

THIS BULLETIN IS FOR INFORMATION ONLY. NO ACTION REQUIRED.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

   ORIGIN TIME - 0549 AM HST 15 JUL 2005

   COORDINATES - 20.4 NORTH  155.1 WEST

   LOCATION    - 30 MILES NNE OF LAUPAHOEHOE  HAWAII

   MAGNITUDE   - 4.1

EVALUATION

 NO TSUNAMI IS EXPECTED. REPEAT. NO TSUNAMI IS EXPECTED.

 HOWEVER, SOME AREAS MAY HAVE EXPERIENCED STRONG SHAKING.

THIS WILL BE THE ONLY MESSAGE ISSUED FOR THIS EVENT UNLESS

ADDITIONAL DATA ARE RECEIVED.

lxxx.  Tsunami Warning Message
An example of the tsunami warning bulletin is given below. This is the gravest message PTWC issues to the state of Hawaii, as there is no time for an orderly evacuation. The sirens will go off, and people will either have to evacuate vertically or move landward, away from the beaches as quickly as possible.

TSUNAMI MESSAGE NUMBER 001

PACIFIC TSUNAMI WARNING CENTER

1115 PM HST 04 SEP 2006

TO - CIVIL DEFENSE IN THE STATE OF HAWAII

SUBJECT - URGENT LOCAL TSUNAMI WARNING
EFFECTIVE IMMEDIATELY AN URGENT TSUNAMI WARNING IS ISSUED FOR 

   HAWAII AND MAUI COUNTIES

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

   ORIGIN TIME - 1112 PM HST 04 SEP 2006

   COORDINATES - 19.2 NORTH  156.0 WEST

   LOCATION    - 8 MILES W OF PAPA  HAWAII

   MAGNITUDE   - 7.2

EVALUATION

 A DESTRUCTIVE TSUNAMI MAY HAVE BEEN GENERATED BY THIS EARTHQUAKE.

 RECOMMEND URGENT ACTION BE TAKEN TO PROTECT LIVES AND PROPERTY.

ADDITIONAL MESSAGES WILL BE ISSUED AS MORE INFORMATION

BECOMES AVAILABLE.

lxxxi. Supplemental Tsunami Warning Bulletin

The supplemental bulletin is similar but may also contain a measurement section. This bulletin should be issued every few minutes or as new data becomes available.

TSUNAMI MESSAGE NUMBER 002

PACIFIC TSUNAMI WARNING CENTER

1125 PM HST 04 SEP 2005

TO - CIVIL DEFENSE IN THE STATE OF HAWAII

SUBJECT - URGENT LOCAL TSUNAMI WARNING
EFFECTIVE IMMEDIATELY AN URGENT TSUNAMI WARNING IS ISSUED FOR 

   HAWAII AND MAUI COUNTIES

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

   ORIGIN TIME - 1112 PM HST 04 SEP 2005

   COORDINATES - 19.2 NORTH  156.0 WEST

   LOCATION    - 8 MILES WEST OF PAPA  HAWAII

   MAGNITUDE   - 7.2

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY

 GAUGE LOCATION        LAT   LON    TIME    AMPL    PER

 -------------------  ----- ------  -----  ------  -----

 MILOLII            19.2N   155.9W  0552Z   3.28M  12MIN

 HONOKOHAU          19.7N   156.0E  0555Z   2.21M  10MIN

 TIME - TIME OF THE MEASUREMENT

 AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST OR MIDDLE

        TO TROUGH OR HALF OF THE CREST TO TROUGH

 PER  - PERIOD OF TIME FROM ONE WAVE CREST TO THE NEXT

EVALUATION

 A DESTRUCTIVE TSUNAMI MAY HAVE BEEN GENERATED BY THIS EARTHQUAKE.

 RECOMMEND URGENT ACTION BE TAKEN TO PROTECT LIVES AND PROPERTY.

ADDITIONAL MESSAGES WILL BE ISSUED AS MORE INFORMATION

  BECOMES AVAILABLE.
lxxxii. Tsunami Warning Cancellation Bulletin

The tsunami cancellation bulletin is given below. It contains the latest observations and acknowledges that Hawaii is no longer under threat from destructive waves. There are two other possibilities for the evaluation however, the case in which no destructive waves were observed and the case in which the tsunami was non-destructive.

TSUNAMI MESSAGE NUMBER 005

PACIFIC TSUNAMI WARNING CENTER

0054 AM HST 05 SEP 2005

TO - CIVIL DEFENSE IN THE STATE OF HAWAII

SUBJECT - LOCAL TSUNAMI WARNING CANCELLATION

EFFECTIVE IMMEDIATELY THE URGENT TSUNAMI WARNING IS CANCELLED.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

   ORIGIN TIME - 1112 PM HST 03 SEP 2005

   COORDINATES - 19.2 NORTH  156.0 WEST

   LOCATION    - 8 MILES WEST OF PAPA  HAWAII

   MAGNITUDE   - 7.2

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY

 GAUGE LOCATION        LAT   LON    TIME    AMPL    PER

 -------------------  ----- ------  -----  ------  -----

 MILOLII            19.2N   155.9W  1124Z   3.28M  12MIN

 HONOKOHAU          19.7N   156.0E  1121Z   2.21M  10MIN

 TIME - TIME OF THE MEASUREMENT

 AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST OR MIDDLE

             TO TROUGH OR HALF OF THE CREST TO TROUGH PER  - PERIOD

EVALUATION

 TSUNAMI WAVES ARE NOW BELOW DANGEROUS LEVELS AT MOST AFFECTED

 LOCATIONS WITHIN THE STATE OF HAWAII.  HOWEVER SOME COASTAL AREAS

 MAY CONTINUE TO EXPERIENCE SEA LEVEL CHANGES AND STRONG OR

 UNUSUAL CURRENTS.

THIS TSUNAMI WARNING CANCELLATION DOES NOT MEAN IT IS NOW SAFE TO

RESUME NORMAL ACTIVITIES OR REENTER EVACUATED SHORELINE AREAS.

YOUR COUNTY CIVIL DEFENSE AGENCY AND POLICE DEPARTMENT WILL MAKE

THIS DETERMINATION. STAY TUNED TO YOUR LOCAL BROADCAST STATION FOR

THE CIVIL DEFENSE -ALL CLEAR- ANNOUNCEMENT FOR YOUR AREA.

REPEAT -

DO NOT REENTER EVACUATED SHORELINE AREAS UNTIL ANNOUNCED BY YOUR

COUNTY CIVIL DEFENSE AGENCY. STAY TUNED TO YOUR LOCAL BROADCAST

STATION FOR THE -ALL CLEAR- ANNOUNCEMENT FOR YOUR AREA. PLEASE

YIELD TO ROADBLOCKS AND UNIFORMED OFFICERS WHO ARE CONTROLLING

REENTRY INTO EVACUATED SHORELINE AREAS.

THIS WILL BE THE FINAL MESSAGE ISSUED FOR THIS EVENT.

lxxxiii. Voice Bulletins

We will now examine the scripts for the HAWAS voice messages. The heads up message is to be issued for every local earthquake that enough seismic energy up the Hawaiian Island chain such that instruments on Oahu show some excitation. At this point you do not need to know the location or the magnitude. But reading this message will perk up State Civil Defense. In addition to text that must be read, these scripts also have items that need to be filled out or checked.
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When the watchstander has finished their analysis, they can then issue whatever local bulletin is necessary. The Bulletin should be read over the HAWAS as well. For earthquakes with magnitudes <= 6.8, the watchstanders should issue a Local Tsunami Information Bulletin and read the following script over the HAWAS:
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In the case of an earthquake with a magnitude exceeding 6.8, this script should be read over the HAWAS:
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When observation of waves become available, and it is decided to continue the warning, the watchstanders should read the supplemental Urgent Warning:
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If no tsunami waves are observed or wave heights all around the Hawaiian Islands have dropped below 1m, the watchstanders should issue the Warning Cancellation:
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AP.  Indian Ocean Bulletins

PTWC has joint responsibility for providing Tsunami Bulletins to the Indian Ocean region with JMA. To this end, PTWC and JMA under the direction of IOC/UNESCO have developed a suite of Tsunami Bulletins for the Indian Ocean. Because of the paucity of tide gauges in the region, PTWC/JMA do not have a formal Tsunami Warning product for the Indian Ocean at this time. Instead, we issue TIB’s and Tsunami Watches of varying severity depending on the magnitude of the earthquake.

As there are no formal warning products, there are no cancellation bulletins either. Supplemental bulletins should normally be issued only in the case where tsunami waves have been observed. Wave heights should be recorded and sent in supplemental bulletins. Note that the Basin Wide Watch Warning has two types of supplemental bulletins; one for the case where wave heights suggest the tsunami is still propagating with destructive power, and the other for the case where the tsunami is no longer a threat. Conceivably, both types of supplemental bulletins can be used for a single event.

bt. Tsunami Information Bulletin

An Indian Ocean TIB for a deep earthquake is shown below. Indian Ocean TIB’s are usually issued for earthquakes with 6.5 <= Mw <= 7.0. For earthquakes that are deep and/or inland, the magnitude need only be greater or equal to 6.5.

TSUNAMI BULLETIN NUMBER 001

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 0754Z 28 JUN 2006

THIS BULLETIN IS FOR ALL AREAS OF THE INDIAN OCEAN.

... TSUNAMI INFORMATION BULLETIN ...

THIS MESSAGE IS FOR INFORMATION ONLY.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  1913Z 27 JUN 2006

 COORDINATES -   3.0 NORTH   98.0 EAST 

 DEPTH       -  200 KM

 LOCATION    -  NORTHERN SUMATERA  INDONESIA

 MAGNITUDE   -  6.6

EVALUATION

 A DESTRUCTIVE TSUNAMI WAS NOT GENERATED BASED ON EARTHQUAKE AND     

 HISTORICAL TSUNAMI DATA.  THIS EARTHQUAKE IS LOCATED TOO DEEP       

 INSIDE THE EARTH TO GENERATE A TSUNAMI IN THE INDIAN OCEAN.         

THIS WILL BE THE FINAL BULLETIN ISSUED BY THE PACIFIC TSUNAMI

WARNING CENTER FOR THIS EVENT UNLESS ADDITIONAL INFORMATION

BECOMES AVAILABLE.

THE JAPAN METEOROLOGICAL AGENCY MAY ISSUE ADDITIONAL INFORMATION

FOR THIS EVENT.

Depending on the situation, (shallow, undersea, inland etc.) the evaluation section will contain different language.

1.  Shallow Undersea Indian Ocean Earthquake

A DESTRUCTIVE WIDESPREAD TSUNAMI THREAT DOES NOT EXIST BASED ON

HISTORICAL EARTHQUAKE AND TSUNAMI DATA.

HOWEVER - THERE IS A VERY SMALL POSSIBILITY OF A LOCAL TSUNAMI  

THAT COULD AFFECT COASTS LOCATED USUALLY NO MORE THAN A HUNDRED KILOMETERS FROM THE EARTHQUAKE EPICENTER. AUTHORITIES IN THE REGION NEAR THE EPICENTER SHOULD BE MADE AWARE OF THIS 

POSSIBILITY.

2.  Deep Undersea Indian Ocean Earthquake

A DESTRUCTIVE TSUNAMI WAS NOT GENERATED BASED ON EARTHQUAKE AND HISTORICAL TSUNAMI DATA.  THIS EARTHQUAKE IS LOCATED TOO DEEP 

INSIDE THE EARTH TO GENERATE A TSUNAMI IN THE INDIAN OCEAN.

3.  Inland Indian Ocean Region Earthquake

A DESTRUCTIVE TSUNAMI WAS NOT GENERATED BASED ON EARTHQUAKE AND HISTORICAL TSUNAMI DATA.  THIS EARTHQUAKE IS LOCATED TOO FAR 

INLAND TO GENERATE A TSUNAMI IN THE INDIAN OCEAN.

4.  Deep and Inland Indian Ocean Region Earthquake

A DESTRUCTIVE TSUNAMI WAS NOT GENERATED BASED ON EARTHQUAKE AND HISTORICAL TSUNAMI DATA.  THIS EARTHQUAKE IS LOCATED TOO FAR 

INLAND AND TOO DEEP INSIDE THE EARTH TO GENERATE A TSUNAMI IN 

THE INDIAN OCEAN.

bu. Local Tsunami Watch Bulletin

The Local Tsunami Watch Bulletin is issued for shallow, undersea earthquakes in the where 7.0 < Mw <= 7.5. This bulletin will state which countries are in a warning. In this case it will be those countries that have warning points within 100km of the epicenter. This bulletin also has a section showing the estimated time of arrival of tsunami waves to those warning points.

TSUNAMI BULLETIN NUMBER 001

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 0757Z 28 JUN 2006

THIS BULLETIN IS FOR ALL AREAS OF THE INDIAN OCEAN.

... A LOCAL TSUNAMI WATCH IS IN EFFECT ...

A TSUNAMI WATCH IS IN EFFECT FOR

 INDONESIA 

FOR OTHER AREAS OF THE INDIAN OCEAN REGION, THIS MESSAGE IS AN

ADVISORY ONLY.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  1913Z 27 JUN 2006

 COORDINATES -   3.0 NORTH   98.0 EAST 

 LOCATION    -  NORTHERN SUMATERA  INDONESIA

 MAGNITUDE   -  7.1

EVALUATION

 A DESTRUCTIVE WIDESPREAD TSUNAMI THREAT DOES NOT EXIST BASED ON     

 HISTORICAL EARTHQUAKE AND TSUNAMI DATA.                             

 HOWEVER - THERE IS THE POSSIBILITY OF A LOCAL TSUNAMI THAT          

 COULD AFFECT COASTS LOCATED USUALLY NO MORE THAN A HUNDRED          

 KILOMETERS FROM THE EARTHQUAKE EPICENTER. AUTHORITIES FOR THE       

 REGION NEAR THE EPICENTER SHOULD BE AWARE OF THIS POSSIBILITY.      

 AREAS FURTHER FROM THE EPICENTER COULD EXPERIENCE SMALL SEA         

 LEVEL CHANGES AND STRONG OR UNUSUAL COASTAL CURRENTS.               

 DUE TO ONLY LIMITED SEA LEVEL DATA FROM THE REGION IT IS NOT

 POSSIBLE FOR THIS CENTER TO RAPIDLY NOR ACCURATELY EVALUATE THE

 THE STRENGTH OF A TSUNAMI IF ONE HAS BEEN GENERATED.

ESTIMATED INITIAL TSUNAMI WAVE ARRIVAL TIMES. ACTUAL ARRIVAL TIMES

MAY DIFFER AND THE INITIAL WAVE MAY NOT BE THE LARGEST. THE TIME

BETWEEN SUCCESSIVE TSUNAMI WAVES CAN BE FIVE MINUTES TO ONE HOUR.

 LOCATION                            COORDINATES     ARRIVAL TIME

 --------------------------------    ------------    ------------

 INDONESIA        SIMEULUE            2.5N  96.0E    1952Z 27 JUN

                  BELAWAN             3.8N  98.8E    0003Z 28 JUN

THIS WILL BE THE FINAL BULLETIN ISSUED BY THE PACIFIC TSUNAMI

WARNING CENTER FOR THIS EVENT UNLESS ADDITIONAL INFORMATION

BECOMES AVAILABLE.

THE JAPAN METEOROLOGICAL AGENCY MAY ISSUE ADDITIONAL INFORMATION

FOR THIS EVENT.

bv. Regional Tsunami Watch Bulletin

The Local Tsunami Watch Bulletin is issued for shallow, undersea earthquakes where 7.5 < Mw <= 7.8. This bulletin will state which countries are in a warning. In this case it will be those countries that have warning points within 1000km of the epicenter. This bulletin also has a section showing the estimated time of arrival of tsunami waves to those warning points. Note the much greater number of Countries and Warning Points included in this message compared to the Local Tsunami Watch Bulletin.

TSUNAMI BULLETIN NUMBER 001

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 0759Z 28 JUN 2006

THIS BULLETIN IS FOR ALL AREAS OF THE INDIAN OCEAN.

... A REGIONAL TSUNAMI WATCH IS IN EFFECT ...

A TSUNAMI WATCH IS IN EFFECT FOR

 INDONESIA / INDIA / THAILAND / MYANMAR / MALAYSIA / SINGAPORE 

FOR OTHER AREAS OF THE INDIAN OCEAN REGION, THIS MESSAGE IS AN

ADVISORY ONLY.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  1913Z 27 JUN 2006

 COORDINATES -   3.0 NORTH   98.0 EAST 

 LOCATION    -  NORTHERN SUMATERA  INDONESIA

 MAGNITUDE   -  7.7

EVALUATION

 EARTHQUAKES OF THIS SIZE HAVE THE POTENTIAL TO GENERATE A           

 DESTRUCTIVE LOCAL TSUNAMI AND SOMETIMES A DESTRUCTIVE REGIONAL      

 TSUNAMI ALONG COASTS LOCATED USUALLY NO MORE THAN A THOUSAND        

 KILOMETERS FROM THE EARTHQUAKE EPICENTER. AREAS FURTHER FROM THE    

 EPICENTER COULD EXPERIENCE SMALL SEA LEVEL CHANGES AND STRONG OR    

 UNUSUAL COASTAL CURRENTS.                                           

 HOWEVER - IT IS NOT KNOWN THAT A TSUNAMI WAS GENERATED. THIS        

 WATCH IS BASED ONLY ON THE EARTHQUAKE EVALUATION. AUTHORITIES IN    

 THE REGION SHOULD TAKE APPROPRIATE ACTION IN RESPONSE TO THIS       

 POSSIBILITY. THE WATCH WILL NOT EXPAND TO OTHER AREAS OF THE        

 INDIAN OCEAN UNLESS ADDITIONAL DATA ARE RECEIVED TO WARRANT SUCH    

 AN EXPANSION.                                                       

 DUE TO ONLY LIMITED SEA LEVEL DATA FROM THE REGION IT IS NOT

 POSSIBLE FOR THIS CENTER TO RAPIDLY NOR ACCURATELY EVALUATE THE

 THE STRENGTH OF A TSUNAMI IF ONE HAS BEEN GENERATED.

ESTIMATED INITIAL TSUNAMI WAVE ARRIVAL TIMES. ACTUAL ARRIVAL TIMES

MAY DIFFER AND THE INITIAL WAVE MAY NOT BE THE LARGEST. THE TIME

BETWEEN SUCCESSIVE TSUNAMI WAVES CAN BE FIVE MINUTES TO ONE HOUR.

 LOCATION                            COORDINATES     ARRIVAL TIME

 --------------------------------    ------------    ------------

 INDONESIA        SIMEULUE            2.5N  96.0E    1952Z 27 JUN

                  SIBERUT             1.5S  98.7E    2025Z 27 JUN

                  BANDA ACEH          5.5N  95.1E    2039Z 27 JUN

                  PADANG              0.9S 100.1E    2055Z 27 JUN

                  BENGKULU            3.9S 102.0E    2119Z 27 JUN

                  BANDAR LAMPUNG      6.0S 105.5E    2220Z 27 JUN

                  BELAWAN             3.8N  98.8E    0003Z 28 JUN

 INDIA            GREAT NICOBAR       7.1N  93.6E    2102Z 27 JUN

                  LITTLE ANDAMAN     10.7N  92.3E    2142Z 27 JUN

                  PORT BLAIR         11.9N  92.7E    2203Z 27 JUN

                  NORTH ANDAMAN      13.3N  92.6E    2211Z 27 JUN

 THAILAND         PHUKET              8.0N  98.2E    2210Z 27 JUN

                  KO PHRA THONG       9.1N  98.2E    2245Z 27 JUN

                  KO TARUTAO          6.6N  99.6E    2323Z 27 JUN

 MYANMAR          MERGUI             12.8N  98.4E    0003Z 28 JUN

                  YANGON             16.0N  96.5E    0018Z 28 JUN

 MALAYSIA         GEORGETOWN          5.4N 100.1E    0004Z 28 JUN

                  PORT DICKSON        2.5N 101.7E    0346Z 28 JUN

 SINGAPORE        SINGAPORE           1.2N 103.8E    0926Z 28 JUN

THIS WILL BE THE FINAL BULLETIN ISSUED BY THE PACIFIC TSUNAMI

WARNING CENTER FOR THIS EVENT UNLESS ADDITIONAL INFORMATION

BECOMES AVAILABLE.

THE JAPAN METEOROLOGICAL AGENCY MAY ISSUE ADDITIONAL INFORMATION

FOR THIS EVENT.

bw. Basin-Wide Tsunami Watch Bulletin

The Local Tsunami Watch Bulletin is issued for shallow, undersea earthquakes where 7.8 < Mw. This bulletin will state which countries are in a warning. In this case it will be all countries in the Indian Ocean Region. This bulletin also has a section showing the estimated time of arrival of tsunami waves to those warning points. In this example, the number of ETA’s is truncated.

TSUNAMI BULLETIN NUMBER 001

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 0801Z 28 JUN 2006

THIS BULLETIN IS FOR ALL AREAS OF THE INDIAN OCEAN.

... AN INDIAN-OCEAN-WIDE TSUNAMI WATCH IS IN EFFECT ...

A TSUNAMI WATCH IS IN EFFECT FOR

 INDONESIA / INDIA / AUSTRALIA / THAILAND / SRI LANKA / MYANMAR / 

 MALDIVES / UNITED KINGDOM / MALAYSIA / BANGLADESH / MAURITIUS / 

 SEYCHELLES / REUNION / OMAN / SOMALIA / PAKISTAN / MADAGASCAR / 

 IRAN / YEMEN / COMORES / KENYA / MOZAMBIQUE / TANZANIA / 

 CROZET ISLANDS / KERGUELEN ISLANDS / SOUTH AFRICA / SINGAPORE 

FOR OTHER AREAS OF THE INDIAN OCEAN REGION, THIS MESSAGE IS AN

ADVISORY ONLY.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  1913Z 27 JUN 2006

 COORDINATES -   3.0 NORTH   98.0 EAST 

 LOCATION    -  NORTHERN SUMATERA  INDONESIA

 MAGNITUDE   -  8.6

EVALUATION

 EARTHQUAKES OF THIS SIZE HAVE THE POTENTIAL TO GENERATE A           

 WIDESPREAD DESTRUCTIVE TSUNAMI THAT CAN AFFECT COASTLINES ACROSS    

 THE ENTIRE INDIAN OCEAN BASIN.                                      

 HOWEVER - IT IS NOT KNOWN THAT A TSUNAMI WAS GENERATED.  THIS       

 WATCH IS BASED ONLY ON THE EARTHQUAKE EVALUATION. AUTHORITIES IN    

 THE REGION SHOULD TAKE APPROPRIATE ACTION IN RESPONSE TO THE        

 POSSIBILITY OF A WIDESPREAD DESTRUCTIVE TSUNAMI.                    

 DUE TO ONLY LIMITED SEA LEVEL DATA FROM THE REGION IT IS NOT

 POSSIBLE FOR THIS CENTER TO RAPIDLY NOR ACCURATELY EVALUATE THE

 THE STRENGTH OF A TSUNAMI IF ONE HAS BEEN GENERATED.

ESTIMATED INITIAL TSUNAMI WAVE ARRIVAL TIMES. ACTUAL ARRIVAL TIMES

MAY DIFFER AND THE INITIAL WAVE MAY NOT BE THE LARGEST. THE TIME

BETWEEN SUCCESSIVE TSUNAMI WAVES CAN BE FIVE MINUTES TO ONE HOUR.

 LOCATION                            COORDINATES     ARRIVAL TIME

 --------------------------------    ------------    ------------

 INDONESIA        SIMEULUE            2.5N  96.0E    1952Z 27 JUN

                  SIBERUT             1.5S  98.7E    2025Z 27 JUN

                  BANDA ACEH          5.5N  95.1E    2039Z 27 JUN

                  PADANG              0.9S 100.1E    2055Z 27 JUN

                  BENGKULU            3.9S 102.0E    2119Z 27 JUN

                  BANDAR LAMPUNG      6.0S 105.5E    2220Z 27 JUN

                  CILACAP             7.8S 108.9E    2232Z 27 JUN

                  BALI                9.0S 115.5E    2315Z 27 JUN

                  BELAWAN             3.8N  98.8E    0003Z 28 JUN

                  KUPANG             10.0S 123.4E    0031Z 28 JUN

 INDIA            GREAT NICOBAR       7.1N  93.6E    2102Z 27 JUN

                  LITTLE ANDAMAN     10.7N  92.3E    2142Z 27 JUN

KERGUELEN ISLAN   PORT AUX FRANCA    49.0S  69.5E    0533Z 28 JUN

 SOUTH AFRICA     PRINCE EDWARD I    46.6S  37.6E    0628Z 28 JUN

                  DURBAN             29.8S  31.2E    0632Z 28 JUN

                  PORT ELIZABETH     33.9S  25.8E    0721Z 28 JUN

                  CAPE TOWN          34.1S  18.0E    0838Z 28 JUN

 SINGAPORE        SINGAPORE           1.2N 103.8E    0926Z 28 JUN

THIS WILL BE THE FINAL BULLETIN ISSUED BY THE PACIFIC TSUNAMI

WARNING CENTER FOR THIS EVENT UNLESS ADDITIONAL INFORMATION

BECOMES AVAILABLE.

THE JAPAN METEOROLOGICAL AGENCY MAY ISSUE ADDITIONAL INFORMATION

FOR THIS EVENT.

As mentioned above, the Basin Wide Tsunami Supplemental Watch Bulletin has two types of evaluations, one for when the waves are propagating with destructive power, and the other for the case where aren’t or are no longer destructive. 

1. Waves are not destructive evaluation:

SEA LEVEL READINGS INDICATE A TSUNAMI WAS GENERATED. IT MAY HAVE

BEEN DESTRUCTIVE ALONG COASTS NEAR THE EARTHQUAKE EPICENTER.

FOR THOSE AREAS - WHEN NO MAJOR WAVES HAVE OCCURRED FOR AT LEAST 

TWO HOURS AFTER THE ESTIMATED ARRIVAL TIME OR DAMAGING WAVES HAVE

NOT OCCURRED FOR AT LEAST TWO HOURS THEN LOCAL AUTHORITIES CAN 

ASSUME THE THREAT IS PASSED. DANGER TO BOATS AND COASTAL 

STRUCTURES CAN CONTINUE FOR SEVERAL HOURS DUE TO RAPID CURRENTS.

AS LOCAL CONDITIONS CAN CAUSE A WIDE VARIATION IN TSUNAMI WAVE 

ACTION THE ALL CLEAR DETERMINATION MUST BE MADE BY LOCAL 

AUTHORITIES.

2. Waves are destructive evaluation:

SEA LEVEL READINGS INDICATE A TSUNAMI WAS GENERATED. IT MAY HAVE

ALREADY HAVE BEEN DESTRUCTIVE ALONG COASTS NEAR THE EARTHQUAKE 

EPICENTER.

BASED ON THESE DATA THE THREAT CONTINUES FOR ALL COASTAL AREAS OF

THE INDIAN OCEAN. FOR THOSE AREAS - WHEN NO MAJOR WAVES HAVE 

OCCURRED FOR AT LEAST TWO HOURS AFTER THE ESTIMATED ARRIVAL TIME

OR DAMAGING WAVES HAVE NOT OCCURRED FOR AT LEAST TWO HOURS THEN 

LOCAL AUTHORITIES CAN ASSUME THE THREAT IS PASSED. DANGER TO 

BOATS AND COASTAL STRUCTURES CAN CONTINUE FOR SEVERAL HOURS DUE 

TO RAPID CURRENTS.  AS LOCAL CONDITIONS CAN CAUSE A WIDE 

VARIATION IN TSUNAMI WAVE ACTION THE ALL CLEAR DETERMINATION MUST

BE MADE BY LOCAL AUTHORITIES.

If supplemental bulletins are issued for the local, regional or basin wide watches, wave height observations will appear in there own section below the earthquake parameter section like so:

MEASUREMENTS OR REPORTS OF TSUNAMI WAVE ACTIVITY

 GAUGE LOCATION        LAT   LON    TIME    AMPL    PER

 -------------------  ----- ------  -----  ------  -----

 BANDAACEH          05.5N   095.1E  2039Z   5.28M  27MIN

 PADANG             00.9S   100.1E  2055Z   5.68M  33MIN

 TIME - TIME OF THE MEASUREMENT

 AMPL - AMPLITUDE IN METERS FROM MIDDLE TO CREST OR MIDDLE

             TO TROUGH OR HALF OF THE CREST TO TROUGH PER  - PERIOD

AQ.  Caribbean/Atlantic Bulletins

PTWC has responsibility for providing Tsunami Bulletins to the Caribbean. This includes a number of nations in South and Central America and Island nations on the rim. PTWC in conjunction with IOCARIBE has developed a suite of Tsunami Bulletins for the Caribbean Ocean. Because of the paucity of tide gauges in the region, PTWC does not have a formal Tsunami Warning product for the Caribbean at this time. Instead, we issue TIS’s and Tsunami Watches of varying severity depending on the magnitude of the earthquake. Tsunami watches require the computation of tsunami ETA’s before they are issued.
As there are no formal warning products, there are no cancellation bulletins either. Supplemental bulletins exist for either case in which tsunami waves are or are not observed. Wave heights should be recorded and sent in supplemental bulletins. Executing carbul lists the basic possible bulletins:

1 - TSUNAMI INFORMATION STATEMENT

     Caribbean EQ:  Mw=6.0-7.0

      Atlantic EQ:  Mw=6.5-7.8

     Carib/Atl EQ:  Deep or Inland

2 - LOCAL TSUNAMI WATCH MESSAGE

     Caribbean EQ:  Mw=7.1-7.5

3 - REGIONAL TSUNAMI WATCH MESSAGE

     Caribbean EQ:  Mw=7.6-7.8

4 - BASIN-WIDE TSUNAMI WATCH MESSAGE

     Caribbean EQ:  Mw=7.9 or more

      Atlantic EQ:  Mw=7.9 or more
Remember that with respect to the Atlantic, PTWC’s AOR is south of 23.5N. The WC/ATWC’s AOR is north of 23.5N.

bx. Tsunami Information Statement 
The Tsunami Information Statement (TIS) has a number of options depending on the location (Caribbean vs. Atlantic), magnitude and depth.
 01: SHALLOW UNDERSEA CARIBBEAN EARTHQUAKE.                MW=6.0-7.0

 02: SHALLOW UNDERSEA ATLANTIC EARTHQUAKE.                 MW=6.5-7.8

 03: DEEP UNDERSEA CARIBBEAN EARTHQUAKE.                   MW=6.0-9.9

 04: DEEP UNDERSEA ATLANTIC EARTHQUAKE.                    MW=6.5-9.9

 05: INLAND CARIBBEAN EARTHQUAKE.                          MW=6.0-9.9

 06: INLAND ATLANTIC EARTHQUAKE.                           MW=6.5-9.9

 07: DEEP AND INLAND CARIBBEAN EARTHQUAKE.                 MW=6.0-9.9

 08: DEEP AND INLAND ATLANTIC EARTHQUAKE.                  MW=6.5-9.9

A sample Caribbean/Atlantic Tsunami Information Statement (option 1) is shown below:
TSUNAMI STATEMENT NUMBER   1

NWS PACIFIC TSUNAMI WARNING CENTER EWA BEACH HI

0611 UTC MON OCT 08 2007

THIS STATEMENT APPLIES TO COUNTRIES WITHIN AND BORDERING THE

CARIBBEAN SEA...EXCEPT FOR PUERTO RICO AND THE VIRGIN ISLANDS.

... TSUNAMI INFORMATION STATEMENT ...

THIS MESSAGE IS FOR INFORMATION ONLY.

THIS BULLETIN IS ISSUED AS ADVICE TO GOVERNMENT AGENCIES.  ONLY

NATIONAL AND LOCAL GOVERNMENT AGENCIES HAVE THE AUTHORITY TO MAKE

DECISIONS REGARDING THE OFFICIAL STATE OF ALERT IN THEIR AREA AND

ANY ACTIONS TO BE TAKEN IN RESPONSE.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  0553Z 08 OCT 2007

 COORDINATES -  15.0 NORTH   75.0 WEST

 LOCATION    -  CARIBBEAN SEA

 MAGNITUDE   -  6.5

EVALUATION

 A DESTRUCTIVE WIDESPREAD TSUNAMI THREAT DOES NOT EXIST BASED ON

 HISTORICAL EARTHQUAKE AND TSUNAMI DATA.

 HOWEVER - THERE IS THE SMALL POSSIBILITY OF A LOCAL TSUNAMI THAT

 COULD AFFECT COASTS LOCATED USUALLY NO MORE THAN A HUNDRED

 KILOMETERS FROM THE EARTHQUAKE EPICENTER. AUTHORITIES IN THE

 REGION NEAR THE EPICENTER SHOULD BE MADE AWARE OF THIS

 POSSIBILITY.

THIS WILL BE THE ONLY PRODUCT ISSUED BY THE PACIFIC TSUNAMI

WARNING CENTER FOR THIS EVENT UNLESS ADDITIONAL INFORMATION

BECOMES AVAILABLE.
by. Local Tsunami Watch Message (Caribbean Only)
The Local Tsunami Watch Message is issued for a shallow Caribbean earthquake with 7.1 <= Mw <= 7.5. Areas within 100km of the epicenter are placed in a watch. If there are no warning points within 100km the watchstander is directed to issue a TIS instead. This message has the following options:

 01: SHALLOW UNDERSEA CARIBBEAN EARTHQUAKE.                MW=7.0-7.5

 02: SUPPLEMENT IF ANY TSUNAMI WAVES HAVE BEEN RECORDED.   MW=7.0-7.5

 03: SUPPLEMENT IF NO SIGNIFICANT TSUNAMI WAS OBSERVED.    MW=7.0-7.5

TSUNAMI MESSAGE NUMBER   1

NWS PACIFIC TSUNAMI WARNING CENTER EWA BEACH HI

0616 UTC MON OCT 08 2007

THIS MESSAGE APPLIES TO COUNTRIES WITHIN AND BORDERING THE

CARIBBEAN SEA...EXCEPT FOR PUERTO RICO AND THE VIRGIN ISLANDS.

... A LOCAL TSUNAMI WATCH IS IN EFFECT ...

A TSUNAMI WATCH IS IN EFFECT FOR

 HAITI / CUBA / JAMAICA

FOR OTHER AREAS OF THE CARIBBEAN COVERED BY THIS MESSAGE...IT IS

FOR INFORMATION ONLY AT THIS TIME.

THIS BULLETIN IS ISSUED AS ADVICE TO GOVERNMENT AGENCIES.  ONLY

NATIONAL AND LOCAL GOVERNMENT AGENCIES HAVE THE AUTHORITY TO MAKE

DECISIONS REGARDING THE OFFICIAL STATE OF ALERT IN THEIR AREA AND

ANY ACTIONS TO BE TAKEN IN RESPONSE.

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  0553Z 08 OCT 2007

 COORDINATES -  18.0 NORTH   75.0 WEST

 LOCATION    -  JAMAICA REGION

 MAGNITUDE   -  7.3

EVALUATION

 A DESTRUCTIVE WIDESPREAD TSUNAMI THREAT DOES NOT EXIST BASED ON

 HISTORICAL EARTHQUAKE AND TSUNAMI DATA.

 HOWEVER - THERE IS THE POSSIBILITY OF A LOCAL TSUNAMI THAT

 COULD AFFECT COASTS LOCATED USUALLY NO MORE THAN A HUNDRED

 KILOMETERS FROM THE EARTHQUAKE EPICENTER. AUTHORITIES FOR THE

 REGION NEAR THE EPICENTER SHOULD BE AWARE OF THIS POSSIBILITY.

 AREAS FURTHER FROM THE EPICENTER COULD EXPERIENCE SMALL SEA

 LEVEL CHANGES AND STRONG OR UNUSUAL COASTAL CURRENTS.

 DUE TO ONLY LIMITED SEA LEVEL DATA FROM THE REGION IT MAY NOT BE

 POSSIBLE FOR THIS CENTER TO RAPIDLY CONFIRM NOR EVALUATE THE

 STRENGTH OF A TSUNAMI IF ONE HAS BEEN GENERATED.

ESTIMATED INITIAL TSUNAMI WAVE ARRIVAL TIMES AT FORECAST POINTS

WITHIN THE WARNING AND WATCH AREAS ARE GIVEN BELOW. ACTUAL

ARRIVAL TIMES MAY DIFFER AND THE INITIAL WAVE MAY NOT BE THE

LARGEST. A TSUNAMI IS A SERIES OF WAVES AND THE TIME BETWEEN

SUCCESSIVE WAVES CAN BE FIVE MINUTES TO ONE HOUR.

 LOCATION         FORECAST POINT     COORDINATES     ARRIVAL TIME

 --------------------------------    ------------    ------------

 HAITI            JEREMIE            18.6N  74.1W    0613Z 08 OCT

                  PORT-AU-PRINCE     18.5N  72.4W    0702Z 08 OCT

 CUBA             SANTIAGO D CUBA    19.9N  75.8W    0617Z 08 OCT

                  BARACOA            20.4N  74.5W    0635Z 08 OCT

 JAMAICA          KINGSTON           17.9N  76.9W    0624Z 08 OCT

THIS WILL BE THE FINAL PRODUCT ISSUED BY THE PACIFIC TSUNAMI

WARNING CENTER FOR THIS EVENT UNLESS ADDITIONAL INFORMATION

BECOMES AVAILABLE.
bz. Regional Tsunami Watch Message (Caribbean Only)

The Regional Tsunami Watch Message is issued for shallow Caribbean earthquakes where 7.6 <= Mw <= 7.8. This bulletin has the same options as the local watch message. However, the evaluation has stronger language and areas within 1000km are placed in a watch. If there are no warning points within 1000km of the epicenter the watchstander is directed to issue a TIS instead.
 EARTHQUAKES OF THIS SIZE HAVE THE POTENTIAL TO GENERATE A

 DESTRUCTIVE LOCAL TSUNAMI AND SOMETIMES A DESTRUCTIVE REGIONAL

 TSUNAMI ALONG COASTS LOCATED USUALLY NO MORE THAN A THOUSAND

 KILOMETERS FROM THE EARTHQUAKE EPICENTER. AREAS FURTHER FROM THE

 EPICENTER COULD EXPERIENCE SMALL SEA LEVEL CHANGES AND STRONG OR

 UNUSUAL COASTAL CURRENTS.

ca. Basin-Wide Watch Message 

The Basin-Wide Watch Message is the most severe message PTWC can issue to the Caribbean/Atlantic. This bulletin is issued for shallow Caribbean and Atlantic (south of 23.5N)  earthquakes where Mw > 7.8. All warning points in the PTWC AOR are placed in a watch. The Basin-Wide Watch Message has 4 options:

 01: SHALLOW UNDERSEA CARIBBEAN OR ATLANTIC EARTHQUAKE.        MW>7.8

 02: SUPPLEMENT IF TSUNAMI RECORDED AND THREAT CONTINUES.      MW>7.8

 03: SUPPLEMENT IF TSUNAMI RECORDED BUT NO FURTHER THREAT.     MW>7.8

 04: SUPPLEMENT IF NO SIGNIFICANT TSUNAMI WAS OBSERVED.        MW>7.8

Note that the Basin Wide Watch Message has three types of supplemental bulletins; one for the case where wave heights suggest the tsunami is still propagating with destructive power, one for the case where the tsunami is no longer a threat and another for the case where no significant tsunami was observed. Conceivably, options 2 and 3 can be used for a single event.

The evaluation reads (option 1) :

 EARTHQUAKES OF THIS SIZE HAVE THE POTENTIAL TO GENERATE A

 WIDESPREAD DESTRUCTIVE TSUNAMI THAT CAN AFFECT COASTLINES ACROSS

 THE ENTIRE CARIBBEAN REGION.

AR.  Puerto Rico/U.S. Virgin Islands Bulletins

PTWC now only issues bulletins to Puerto Rico and the US Virgin only if for some reason the WC/ATWC is unable to do so. These bulletins are issued in the event of large earthquakes (Mw >= 6.0) in the Caribbean and Atlantic Oceans. PTWC only issues TIB’s to this region, however, they may contain language suggesting that these areas should be placed in a warning. Executing prbul lists the possible options and their corresponding evaluations:

01: INLAND EARTHQUAKE. ANY MAGNITUDE.                     NO THREAT.

 THIS EARTHQUAKE IS LOCATED INLAND. CONSEQUENTLY THERE IS NO

 TSUNAMI THREAT TO PUERTO RICO OR THE U.S. VIRGIN ISLANDS.

 UNLESS ADDITIONAL DATA ARE RECEIVED... AND BASED ON PREAPPROVED

 PROTOCOLS... NO ACTION IS REQUIRED.

02: DEEP EARTHQUAKE (>60 KM). ANY MAGNITUDE.              NO THREAT.

 THIS EARTHQUAKE IS LOCATED TOO DEEP BELOW THE SURFACE OF THE

 EARTH TO GENERATE A SIGNIFICANT TSUNAMI. CONSEQUENTLY THERE IS

 NO TSUNAMI THREAT TO PUERTO RICO OR THE U.S. VIRGIN ISLANDS.

 UNLESS ADDITIONAL DATA ARE RECEIVED... AND BASED ON PREAPPROVED

 PROTOCOLS... NO ACTION IS REQUIRED.

03: ANYWHERE.                                  MW=6.0-6.4  NO THREAT

 THIS EARTHQUAKE IS TOO SMALL TO CAUSE A SIGNIFICANT TSUNAMI.

 CONSEQUENTLY THERE IS NO TSUNAMI THREAT TO PUERTO RICO OR THE

 U.S. VIRGIN ISLANDS.

 UNLESS ADDITIONAL DATA ARE RECEIVED... AND BASED ON PREAPPROVED

 PROTOCOLS... NO ACTION IS REQUIRED.

04: PRVI VICINITY [16-21N,62-71W].             MW=6.5-9.9    WARNING

 EARTHQUAKES OF THIS SIZE MAY GENERATE A DESTRUCTIVE TSUNAMI.

 BASED ON PREAPPROVED PROTOCOLS... A TSUNAMI WARNING FOR PUERTO

 RICO AND THE U.S. VIRGIN ISLANDS IS RECOMMENDED.

05: OUTSIDE PRVI TO 2-HR TT [10S-35N,45-80W]   MW=6.5-7.4  NO THREAT

 ALTHOUGH THIS IS A LARGE EARTHQUAKE... IT IS TOO FAR AWAY TO

 GENERATE A TSUNAMI THREATENING TO PUERTO RICO AND THE U.S.

 VIRGIN ISLANDS.

 UNLESS ADDITIONAL DATA ARE RECEIVED... AND BASED ON PREAPPROVED

 PROTOCOLS... NO ACTION IS REQUIRED.

06: OUTSIDE PRVI TO 2-HR TT [10S-35N,45-80W]   MW=7.5-9.9    WARNING

 EARTHQUAKES OF THIS SIZE MAY GENERATE A REGIONALLY DESTRUCTIVE

 TSUNAMI.

 BASED ON PREAPPROVED PROTOCOLS... A TSUNAMI WARNING FOR PUERTO

 RICO AND THE U.S. VIRGIN ISLANDS IS RECOMMENDED.

07: OUTSIDE 2-HR TRAVEL TIME.                  MW=6.5-7.9  NO THREAT

 ALTHOUGH THIS IS A LARGE EARTHQUAKE... IT IS TOO FAR AWAY TO

 GENERATE A TSUNAMI THREATENING TO PUERTO RICO AND THE U.S.

 VIRGIN ISLANDS.

 UNLESS ADDITIONAL DATA ARE RECEIVED... AND BASED ON PREAPPROVED

 PROTOCOLS... NO ACTION IS REQUIRED.

08: OUTSIDE 2-HR TRAVEL TIME.                  MW=8.0-9.9      WATCH

 EARTHQUAKES OF THIS SIZE MAY GENERATE A WIDESPREAD DESTRUCTIVE

 TSUNAMI.

 BASED ON PREAPPROVED PROTOCOLS... A TSUNAMI WATCH FOR PUERTO

 RICO AND THE U.S. VIRGIN ISLANDS IS RECOMMENDED.

Based on the depth, location and whether the epicenter in well inland or not, prbul will recommend an option. However the watchstander can override that recommendation.

An example of a TIB for this region is shown below for a moderate earthquake:

TSUNAMI BULLETIN NUMBER 001

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 0041Z 26 OCT 2006

THIS BULLETIN IS FOR PUERTO RICO AND THE U.S. VIRGIN ISLANDS.

... TSUNAMI INFORMATION BULLETIN ...

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  1400Z 24 OCT 2006

 COORDINATES -  16.8 NORTH   65.0 WEST 

 LOCATION    -  CARIBBEAN SEA

 MAGNITUDE   -  6.2

EVALUATION

 THIS EARTHQUAKE IS TOO SMALL TO CAUSE A SIGNIFICANT TSUNAMI.

 CONSEQUENTLY THESE IS NO TSUNAMI THREAT TO PUERTO RICO OR THE

 U.S. VIRGIN ISLANDS.        

 UNLESS ADDITIONAL DATA ARE RECEIVED... AND BASED ON PREAPPROVED PROTOCOLS... NO ACTION IS REQUIRED.      

THIS WILL BE THE ONLY BULLETIN ISSUED FOR THIS EVENT UNLESS

ADDITIONAL INFORMATION BECOMES AVAILABLE.

In the case for a large, shallow, underwater earthquake in the vicinity of Puerto Rico (option 4), the evaluation is more dire:

TSUNAMI BULLETIN NUMBER 001

PACIFIC TSUNAMI WARNING CENTER/NOAA/NWS

ISSUED AT 0041Z 26 OCT 2006

THIS BULLETIN IS FOR PUERTO RICO AND THE U.S. VIRGIN ISLANDS.

... TSUNAMI INFORMATION BULLETIN ...

AN EARTHQUAKE HAS OCCURRED WITH THESE PRELIMINARY PARAMETERS

 ORIGIN TIME -  1400Z 24 OCT 2006

 COORDINATES -  16.8 NORTH   65.0 WEST 

 LOCATION    -  CARIBBEAN SEA

 MAGNITUDE   -  6.9

EVALUATION

 EARTHQUAKES OF THIS SIZE MAY GENERATE A DESTRUCTIVE TSUNAMI.        

 BASED ON PREAPPROVED PROTOCOLS... A TSUNAMI WARNING FOR PUERTO      

 RICO AND THE U.S. VIRGIN ISLANDS IS RECOMMENDED.                    

THIS WILL BE THE ONLY BULLETIN ISSUED FOR THIS EVENT UNLESS

ADDITIONAL INFORMATION BECOMES AVAILABLE.

7. Communications Systems Details

The basic communication circuits for both voice and text information have already been described in the previous sections. Here, we flesh out a few more details.

AS.  Text Messaging Circuits

As discussed in earlier sections, we issue our message products through a variety of circuits. In this section we give more details about the workings of these circuits and how they are implemented in our operations. 

In the context of the UNIX operating system, all of our messaging circuits (except the voice messages and emails), are treated as printers; more specifically as pseudo-printers. This has a several advantages, not the least of which is that we can use the UNIX lp facility, which provides queuing, and logging services. More can be found about the details of the pseudo-printers in the SYSADMIN manual.

Test messages are sent (at least) twice a day over the different circuits, alternating back and forth between the primary and redundant side of operations. This does give rise to a potential conflict. Suppose we are issuing a bulletin while at the same time the other side of operations is issuing a test bulletin. Unchecked, this situation can give rise to a collision resulting in a garbled message.

The program xmtsvc runs on the messaging hosts (kaiapele and holo) and prevents collisions from happening. You can think of xmtsvc as a traffic cop. Before a message is allowed to be sent over a circuit, xmtsvc checks to make sure the other side of operations isn’t currently sending a message to the same circuit. If the other side is already active on the circuit, xmtsvc will automatically delay sending the message until the other side of operations is finished sending its message. xmtsvc maintains its own queue, in case several messages need to be held in abeyance while the other side of operations completes its messaging.

There are two important utility programs that should be used with our circuits, commchk and bullchk. commchk examines the logfiles for each circuit (or the mailbox for email) and lists the time and date for the 6 most recent messages found in each circuit. This is particularly useful for checking to see that the test messages are in fact being transmitted and received and that the circuits are functioning properly. Bullchk is more narrow in scope; bullchk only list the bulletins issued during the past 24 hours. Bullchk is also useful during events to make sure our bulletins (every bulletin is also addressed to PTWC) went out over the various circuits.

cb. AFTN

lxxxiv. About AFTN

AFTN stands for “Aeronautical Fixed Telecommunications Network” which is governed by the International Civil Aviation Organization (ICAO). Within the AFTN, the world is divided amongst various non-overlapping “Aeronautical Fixed Service” (AFS) areas, each serviced by one or more hubs.

The AFTN address is an 8 letter string. The first four letters form what is called the location indicator. It is formulated in accordance with the rules prescribed by the ICAO and assigned to the location of an aeronautical fixed station. Each AFS area is assigned a unique letter indicator and that letter is the first of the 4-letter location indicator. The second letter is assigned on the basis of the state or territory in which that communications center is situated. The third and fourth letters are the communications center in the state or territory that functions as a hub for the particular location. The fourth letter may also be assigned by the States as desired.

Our AFTN node is assigned the location indicator PHEBYMYT. ‘P’ is for the Pacific AFS, ‘H’ is for Hawaii, “EB” is assigned for Ewa Beach. The last four letters identify a particular type of operations center. YMYX for example, signifies a meteorological office, YMYT a tsunami warning center.

The AFTN is one of the primary means by which airports (even aircraft in flight) communicate meteorological, air traffic and other conditions amongst themselves. 

lxxxv. AFTN in Operations

The AFTN traffic is forwarded to us from the HFO on the UH campus. The traffic is received at PTWC by a de-multiplexer (CODEX) and forwarded to the AFTN terminal and from there to the portservers. The portservers convert the serial data to TCP/IP and make the AFTN data stream available to the PTWC machines. Likewise, when the watchstander sends a message, it goes through the portserver, converted to serial, through the AFTN terminal, and then back through the CODEX to the HFO and then to the great beyond.

Bulletins to be sent through the AFTN are composed as the file /home/ptwc/msg/faamsg. The command for sending a message through the AFTN is: 

$FAAPRINT_CMD faamsg. This command is issued by the messaging software automatically.

The AFTN circuit is monitored by the faa_log.tcl program. This program combines five functions, receiving the AFTN data, logging the data to the screen, logging the data to a file, sending test messages and paging the watchstanders if no messages are received for a period of 25 minutes. This program makes use of the Tcl/Tk text widget. The logging window is shown below:
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The “File” button is a menubutton that has options which allow the user to select a range of text on the widget and save it to a file or print it. Clicking the “TEST” button sends a test message. The entry widget to the right allows one to search the text for a specified string. The buttons to the right, “ALL”, “PHEB/PAAQ/PHNL” and “WEPA” set the type of data that the text widget will display. “ALL” displays all message that come across the AFTN. Clicking the “PHEB/PAAQ/PHNL” button will show only PTWC, WC/ATWC and Honolulu Forecast Office products, and clicking the “WEPA” will cause only official tsunami bulletins to be displayed. 
When clicking these buttons (except for ALL), the messages will be displayed with a time stamp which shows the time they were received. These time stamps are also written to the logfile. In this case clicking the PHEB/PAAQ/PHNL button would show something like this in the text widget:
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If 25 minutes has elapsed since the last message was received, this program will page the watchstanders, the plasma screen will announce that the FAA circuit is down and the bottom of the logging window will trun red. Typically, most pages are the result of the AFTN system crashing. The AFTN system needs to be rebooted every two weeks or so. But occasionally there is line trouble, or an AFTN node is down. A small binder by the PC contains the procedure for rebooting the AFTN PC and starting the AFTN software. It takes only a few minutes to complete the procedure.
As the NADIN system may be end of lifed later this year, PTWC has been sending messages to the AFTN via the NWSTG, by using the WMO header ADMN75. When the gateway receives a product with the WMO header ADMN75, it is then forwarded on to the AFTN at the gateway.
cc. NMC (WMO-GTS)

lxxxvi. About the NMC

Until a few years ago, sea-level data and other GTS products were transmitted to PTWC via a dedicated circuit (line 58) that originates back in Silver Springs Maryland at the NWSTG (National Weather Service Telecommunications Gateway). This circuit, which we called the  NMC (National Meteorological Center) dedicated circuit has been replaced by socket-to-socket (TCP/IP) based software and the data is carried to be PTWC via the NOAA-NET and RoadRunner links. Silver Springs houses the Washington Regional Telecommunications Hub of the WMO (World Meteorological Organization). The GTS is maintained by the WMO (World Meteorological Organization). The NWSTG consists of different components; however, a primary component is the central communications switching system usually referred to as the “gateway”. 

The socket-to-socket software is comprised of two programs, comm._svr and comm._client. comm._svr is a WMO based socket communications server process that listens on port 14500 and forks a dedicate process for each connecting client application. comm._client communicates with the gateway on a pre-defined port (specified by Tech. Control at the gateway) and passes the messages to comm._svr. comm._svr stores the message data to a specified output directory.

PTWC WMO Headers

Message products carried by the WMO are prefaced by WMO headers. These headers are applied for by the clients of the WMO. For example, the new SUTRON format sea-level data (transmissions every 6 minutes) WMO messages are prefaced by the header SXXX03. In addition to the WMO header, our bulletins also contain AWIPS headers to facilitate entry of our bulletins into the AWIPS system. The list below shows the WMO and AWIPS headers for our official message products:
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lxxxvii. NMC in Operations

WMO products are carried to and from PTWC via a socket-to-socket connection with the NWSTG. These include sea-level data, tsunami bulletins, earthquake messages and a variety of meteorological forecast products and climate data. 

Official NMC Bulletins are composed as the file /home/ptwc/msg/nmcmsg, ionmcmsg or carnmcmsg for the Pacific, Indian Ocean and Caribbean respectively. Messages can be sent to the GTS via the command:

$NMCPRINT_CMD nmcmsg. This command is issued by the messaging software automatically.

Much like for the AFTN circuit, the NMC circuit is monitored by the NMC_log.tcl program. The logging window produced by the script is shown below:
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The buttons at  the top have similar functions to their counterparts in the FAA logging program. In this case there is a variety of message types the watchstander can select to focus on.
The “PHEB” button will select only messages sent to PTWC for example. The “WEPA” and “WEIO” buttons will select only those messages with the WEPA (Pacific Bulletins) and WEIO (Indian Ocean Bulletins) WMO headers. The “JMA” button will show only JMA products. These buttons are especially useful during events when we need to confirm that our bulletins were sent successfully over the NWW, as well as to see the bulletins issued by the WC/ATWC and JMA. The bottom of the window shows the current date and time plus the time elapsed since the last message was received. 
One of the other functions of the NMC_log.tcl program is to page the watchstanders upon receipt of a DART trigger message.  This function is controlled by the “DART” button, which can be used to turn off and on DART paging. In the aboce screenshot, DART paging is enabled.
When a specific WMO header is selected, the text widget will display the time when the message was received. This is illustrated below:
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This shows the time when an WC/ATWC bulletin was received via the NMC circuit.

If no messages are received for over 15 minutes, the watchstanders are paged, the plasma display announces that the NMC circuit is down and the bottom of the NMC logging window turns red. Typically, most pages are the result of an outage at the NWSTG or NOAA-NET/RoadRunner being down. When an outage occurs, and NOAA-NET/RoadRunner are not down, the watchstander should contact the NOC (Network Operations Center) that maintains the gateway. The phone numbers and instructions are in the PTWC phone directory in the operations room. 


cd. NWW (NOAA Weather Wire)

lxxxviii. About the NOAA Weather Wire

The NOAA Weather Wire is a satellite based communications system that serves as the primary telecommunications network for NWS forecasts, warnings and other products to the mass media, emergency management services, the NWS and private weather services. The NWW is maintained by DYNCORP, which is under contract to the NWS. The NWW has about 20 or so sites, major forecast offices, that uplink with satellites and deliver message and other weather products. 

As the PRH NWW satellite dish is on the PTWC grounds, we have a direct link to the NWW. In fact, HFO NWW traffic passes through the CALYPSO router in the operations room.

NWW message products, like the NMC products have WMO headers. The NWS phased out the older PIL (Products Inventory List) headers back in 2001 as the NWW products were made to conform to international standards.

lxxxix. NWW in Operations

The NWW circuit carries message products to and from PTWC, including tsunami bulletins, earthquake messages and a variety of meteorological forecast products. The NWW data is downloaded via a satellite dish on PTWC grounds and flows through the Calypso where it is distributed to PTWC and the HFO. The NWW data is then passed onto the portmasters where is converted from serial to TCP/IP and processed on the PTWC hosts.

Official bulletins are composed as the file /home/ptwc/msg/nwwmsg ionwwmsg or carnwwmsg for the Pacific, Indian Ocean or Caribbean respectively. Messages can be sent to the NWW via the command:

$NWWPRINT_COM nww msgfile. This command is issued by the messaging software automatically.

The NWW_log.tcl program combines the watchdog function, retrieving NWW data and logging the NWW data into a single program which makes use of the Tcl/Tk text widget (see below) for a logging window. The functioning of the NWW circuit logging widget is the same as it is for the NMC and FAA circuit logging widget. If 15 minutes elapses with no new messages, the watchstanders are paged, the plasma screen announces the NWW circuit is down and the bottom of the logging window turns red.
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The buttons and entry widget have the same functionality as for the FAA and NMC logging widgets. 

Typically, most pages indicating the Weather Wire is down are the result of the Calypso crashing. To reboot, simply turn off the Calypso, wait 10 seconds and then turn it back on. When an outage occurs, and it is clear that it has nothing to do with our systems (almost always the case), or the Calypso, the watchstander should contact DYNCORP. The phone numbers and instructions are in the PTWC phone directory in the operations room. 

ce. FAX/TELEX (MCI)

xc. About ISC Circuit

PTWC sends emails to a particular accounts maintained by ICG. These accounts are particular to each ocean basin in our AOR. This is a service that PTWC pays for. Problems seldom areise with the FAX service. But when they do ISC can be contacted and their number is in the phone book. 
ISC in Operations

While faxes are probably less reliable than the AFTN, NMC or NWW circuits, not all of our clients have access to these circuits, and we must use whatever technology is available to service those clients. 

What is actually sent to ISC is a simple email to an email address PTWC prearranged with ISC. Upon receipt of that email, ISC then takes the contents of the email and sends faxes to the list that associated with that email address. PTWC maintains the lists, and when there are updates, a new lists is sent, via email, to ISC and that last is the referred to thereafter. ISC sends a quick confirmation after receipt of the updated list Our fax number is always appended to the lists, hence when we receive the fax it indicates that the ISC fax distribution system  was functioning properly. After the faxes are sent ISC sends a report for each fax number and a summary report for the entire list indicating whether FAX transmission was successful, how long it took and the number of times a number needed to be redialed to obtain a connection.
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cg. IDN

xciii. About the IDN

The IDN (Inter-Island Data Network) is maintained by Hawaii State Civil Defense. This network connects PTWC and all Hawaii State and County Civil defense offices. PTWC bulletins are transmitted across this network via email. In addition to the voice messages, the IDN emails are the principle method by which PTWC communicates with local authorities.

xciv. IDN in Operations

PTWC’s connection to the IDN is the PDC router in the communications room. Email sent to the IDN is received by the IDN mail server and then forwarded to all of the State and County Civil defense offices. 

In general this is a low maintenance circuit. When problems do crop up it usually involves the server on the IDN end or the PDC router. If it is not the PDC router then Juliana Lo should be called at State Civil Defense.

ch. EMAIL

PTWC also sends bulletins via email. The email distribution lists are maintained on the mail servers, luna (primary) and akala (secondary) and are accessed via mail aliases. Emails are sent through our connection to the internet, the router (140.90.183.1) in the HIPS building.

The latter is important to keep in mind. If OpsNet goes down our emails will not be sent. In the event this happens, SMTP traffic must be re-routed through the RoadRunner connection.
AT.  Voice Messaging Circuits

ci. HAWAS/NAWAS

HAWAS or the Hawaii Warning System, connects all of the warning points in each island county, the HFO, the Hawaii Air National Guard and the PTWC via a dedicated intercom. Each of these warning points are operational centers manned 24/7.  

State Civil Defense does a roll call twice a day to test the system. When the watchstander hears SCD requests for a response from PTWC, they should acknowledge with “PTWC TEST”.  If there is any trouble with hearing the roll call, such as to much hiss, or the voice is barely audible (make sure the volume knob is turned to low) you should report that in your acknowledgement. If SCD can’t hear the watchstander, they are to call SCD and make sure they understand the nature of the problem. SCD will take it from there.

Before issuing a voice bulletin over the HAWAS hold the signal button (top left) down for 3secs. This will trigger the HAWAS alarms for 6 seconds. The watchstander now has everyone’s attention. Depress the button on transceiver and read the bulletin in a loud and clear voice. It doesn’t help if people can’t understand you. And, if you forget to hold the button, you’ll be talking to yourself.

After the watchstander is finished reading the bulletin, SCD will conduct a roll call and make sure all warning points heard and understood the bulletin. At this point the voice messaging is over, however, keep an ear on the HAWAS in case there was a problem and SCD asks you to repeat the message.

The NAWAS or National Warning System is similar to the HAWAS but on a national scale. The NAWAS system is tested once a day with a roll call. However, PTWC does not participate in this roll call. The only time PTWC uses the NAWAS phone is in our capacity as a backup to ATWC, and when we test that capacity.
cj. Satellite Phone

ck. Yellow Radio Phone

AU.  Digital Paging

Paging is one of the most important processes in our operations. If we fail to get pages, we may fail to analyze potentially tsunamigenic earthquakes and hence fail to warn. PTWC has two independent paging systems. Both PTWC hosts (kaiapele and holo) act as a pager server for either the primary (kaiapele) or redundant (holo) section of our operations. However, pages from one side of operations are forwarded to the other side as well. That means even if one paging system goes down, pages from both parts of operations will still be transmitted. When both paging systems are operational, an event that causes both the primary and redundant parts of operations to send pages will result in the watchstander receiving four pages, two on each pager. While this is a lot of pages, the redundancy we gain insures that the watchstander will be paged unless several components of the paging system (holo, kaiapele, the portmasters, pager transmitter) fail. Such an event is highly improbable.

In operations, the pager is treated as a UNIX printer. Pager requests can be submitted with the command:

$PAGEPRINT_COM  file

The “file” consists of a header that is an identification number, and a text messages. For example:

200

TEXT TEXT TEXT

Submitting that file to the pager will page the watchstanders. Each watchstander also has a unique pager identification number. The number 200 will activate any pager that is turned on, while 208 would only activate a particular pager. Like many of our messaging circuits, the paging information passes through the portservers where it is converted from TCP/IP to serial and passed to the paging system.

There are a number of things watchstanders may get paged for besides earthquakes, system problems (like internet access being down, computer crash), status messages, sea-level gauge tsunami triggers etc. 

AV.  Messaging Software Details

AW.  ATWC Backup Procedure

While we hope it never happens, the PTWC watchstander must be able to deal with the situation where the WC/ATWC is incapacitated. The most likely culprit of such an event would be a large earthquake in the vicinity of Palmer Alaska.

As PTWC has a mandate to be able to backup ATWC in such an event the watchstander needs to become familiar with ATWC’s procedures and the ATWC backup procedure.

Basically the most difficult aspect of this is in using ATWC’s message products. This is because ATWC’s messaging software is designed for WINx and our ops is UNIX. As a result, ATWC’s messaging software must be run inside a virtual machine and we must be able to communicate to it earthquake parameters and other information needed for the message products. 
Only one host can serve as the “gateway” to the ATWC messaging software at any time. Currently, kaiapele is designated to be that host. However, should kaiapele have trouble, the virtual machine on holo can be enabled and can then serve this function. 



1. 
2. 



The last step is to execute $PTWCHOME/atwc/atwc_start. When iconified, this is the Alaska icon.


cl. Using the ATWC Backup Software
The ATWC backup software is kicked off by the program atwc_mess which is found in $PTWCHOME/ATWC

When activated either through NEXUS or the command line, atwc_mess will create the simple interface shown below:
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As you can see, there are three things you can do. One is just a software test. Hitting the “SOFTWARE TEST” button tests the connectivity between holo and the backup computer. Basically, atwc_mess will extract earthquake parameters from the COMF file and cp them to the shared partition with the virtual machine.  When that is accomplished a widget will appear telling you to operate the ATWC software. At this point the watchstander should click on the ATWC_mess icon. The ATWC messaging interface will appear as shown below:
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The watchstander can try any message, because in this mode no messages will be sent anywhere. After you’re done playing with ATWC’s software, you can hit the acknowledge button on that small GUI and atwc_mess will copy the resulting message files from the virtual machine. The watchstander will then be allowed to view the files. atwc_mess will ask if you can send the file over the appropriate circuit. The watchstander can answer yes or no, it won’t matter. In “SOFTWARE TEST” mode, no messages will be sent.

In the “COMM. TEST” mode, messages will be sent, so be careful. This mode is to be used for conducting communication tests of our backup to ATWC. In this case when you are asked to operate the ATWC messaging software, you must select the Dissemination Test (this is the one selected in the above figure). After the ATWC messaging software is finished it quits, and at this point you can hit the acknowledge button and the communication test messages are gathered from the virtual machine. At this point atwc_mess does some editing to add additional language into the messages, such as stating the messages were actually issued by the PTWC and make sure they have the right headers. The watchstander will then be allowed to inspect the messages. As the watchstander OK’s the messages they are sent over the appropriate circuit. After these messages are sent (FAA, NWW, NMC) When conducting a dissemination test of our backup capability to ATWC, you must read a message over the NAWAS. A sheet with this message can be found in the TIB section of the ATWC message rack on the wall under the electronic messaging boards and in the “ATWC Backup Messaging Binder” near kaiapele. When you do a dissemination test, you must collect all of the messages sent to us by ATWC’s clients and determine if there were any important clients left out.

The “FOR REAL!” mode is exactly what it implies. This mode is to be used when ATWC is in trouble. This mode operates just like the “COMM. TEST” mode, only that it will result in the dissemination of actual tsunami bulletins to ATWC’s clients. In this case the watchstander had better select the right message type, meaning the watchstander needs to know ATWC’s messaging criteria. In this case the NAWAS message you are to read is sent to the printer. Read this message over the NAWAS phone after you have sent the message products. In the mean time, the watchstander should be sure not to neglect their responsibilities for PTWC’s clients.
cm. 

8. Procedures and Decision Flow Charts

This final section of the manual contains several flowcharts that show how PTWC processes events and makes decisions based on the data. As the decisions we make with respect to what bulletins we issue and how events unfold can depend on where the earthquake occurs, several flowcharts are devoted to showing the possibilities for how an event may unfold for different regions. These flowcharts are an excellent guide as to what decisions may be expected of the watchstander for various scenarios.  

AX.  Flow Chart of Procedures Leading To Initial Bulletin
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cn. Typical Timelines to Initial Bulletin

The timelines below show some basic steps that occur during an event and the typical order and elapsed times at which they are performed.

xcv. Local Earthquake Event Timeline
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This timeline gives a good indication of how our procedures unfold for an earthquake on the Big Island. Typically SPLERT will determine a preliminary epicenter within a few tens of seconds. The watchstanders are paged soon afterwards if pMag is large enough. The heads up voice message is read, and the refinement of the epicenter and determination of ML and/or Mwp follows. This step takes the longest. This is because it takes time for the requisite amount of data to arrive and for the watchstander to refine the hypocenter if need be as well as assimilate the magnitude information. This is followed by the voice bulletin that in turn is followed by the issuance of the initial text bulletin.

xcvi. Teleseismic Earthquake Event Timeline

[image: image179.png]INDIAN OCEAN

Call State Department OPS Mw >7.0)

6.5t0 7.0 Mw
<100 Km Under or very near the sea
(very small potential for a destruciive local tsunami)

EQ focation

India Ocean (un indsed)

26.5 Mw
=100 Km All locations
(N0 tsunami potential)

India Ocean (un indsed)

T1to 7.5 Mw
(Potential for a desiructive local tsunami)

India Ocean (un indsud with Local Tunams Watch Bulletin)

Indin. Ocean (o indul with Regional Taunams Watch Blle)
PIWC TIB Pacfic (run pacbul from I men)

India Ocean. (run indind with Ocean Wide Taunami, Watch)

PTWCTIE Paciic (men pachul from I menis)





This timeline is a bit stripped down, but illustrates the basic steps. Note that in this case, time is indicated in minutes. Another difference from the local case is that for large earthquakes, the watchstander will typically be paged by the digital alarms before a hypocenter is determined.

AY.  Flow Chart of Procedures After The Issuance of The Initial Bulletin
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AZ.  Basic Regional Scenarios For Decision Making With Respect to Issuing Bulletins
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First, the region in which the earthquake occurred must be identified by the watchstander. Remember that messaging criteria and bulletin type may vary between regions.

co. Pacific Region Scenario
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For the Pacific Region, the watchstander needs to make sure whether or not the epicenter is on land or under ocean, and if it is under ocean, that the epicenter is in the Pacific Basin and not in a marginal sea like the Sea of Ohkotsk. If the epicenter is in the Pacific Basin, the magnitude will determine the severity of the bulletin. Mind the difference between the non-expanding and expanding Tsunami Watch/Warning Bulletins.

Don’t forget that we issue bulletins specifically to the State of Hawaii for earthquakes in the Pacific Region. If there is a warning in existence for any part of the Pacific, then Hawaii is at least in an advisory mode. If the tsunami travel time to any point in the State of Hawaii is less than 6 hours (or if the latitude of the Earthquake is North of 35N), then Hawaii should be in a watch. If the warning is still in effect and the tsunami travel time to Hawaii is less than three hours, then the State of Hawaii should be placed in a warning.

cp. Atlantic-Caribbean Region Scenario
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In this scenario our primary concern is the nations of the Caribbean. Puerto-Rico, the Virgin islands, Gulf of Mexico and the Atlantic north of 23.5N are part of the WC/ATWC’s AOR. In the future, our responsibilities may be expanded to include international responsibilities in this region as well. No official bulletins are required unless the magnitude of the earthquakes equals or exceeds 6.0 in the vicinity of Puerto Rico or equals or exceeds 8.0 outside the region of Puerto Rico. In the case of earthquakes in the Caribbean, all we issue is TIBs with varying types of language. This is because we do not have as yet an extensive tide gauge network in this region.

cq. Indian Ocean Scenario
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The Indian Ocean Scenario is straight forward. No official bulletins required until the earthquake magnitude equals or exceeds 6.5. For this ocean basin PTWC only issues TIBs. The language in the TIB reflects the severity of the earthquake. Until there is an extensive tide gauge network in the Indian Ocean Basin, PTWC will not be able to issue Watch/Warnings.

cr.  Regions Outside PTWC’s AOR Scenario
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cs. Alaska AOR Scenario
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ct. Pacific Marginal Seas Scenario
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cu. Hawaii Region Scenario
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DEEP OCEAN, REAL TIME

TSUNAMI REPORTING SYSTEM

The tsunami signal is detected by a pressure sensor on the ocean floor.  That signal is relayed by acoustic telemetry to the bouy.  The buoy in turn transmits the signal via satellite back to the warning centers.












