A Not Too Technical Introduction to
PTWC Operations

Presented by Dr. Stuart A. Weinstein, Asst. Director
NOAA/NWS/PTWC
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The Tsunami Early Warning Problem

g

Most tsunamis are caused by great earthquakes
Great earthquakes cannot be predicted
Tsunamis can travel 800km/hr in the deep ocean
Tsunamis strike within minutes to hours

Tsunami warnings must be delivered in time to
take action to save lives

ITP Training Course, Honolulu HI, Aug. 18-28, 2014



I BASIC OPERATIONAL ACTIVITIES I

« SEA-LEVEL DATA COLLECTION,
MONITORING, PROCESSING & ANALYSES

« TSUNAMI FORECASTING
« MESSAGE CREATION & DISSEMINATION




Global Seismic Processing
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Broadband Seismometer Distribution

1] TELESEISMIC STATION DATA LATENCY VERSION 1.2 (ops-server-3 port 9000)
Find [ISG  Help STATION COLORKEY: t<1min 1<t<S5min | §<t<20min
Mercator 1:80000000
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Projection Display Region
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More than 630 Stations!




Broadband Seismometer Distribution
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Earthquake Location

Function ETAs Obs Message

Search params
_| fix depth=> Depth: |33

Reset | Locate write COMF

load
M reviewed M auto

Compute ML |

picks
i setstart lat/lon=> Lat: |18.48Z Lon: |-68.711

500 km

Display params
’7. display map images

LAT LON DEPTH ORIGIN TIME GAP RMS PICKS NEAREST LOCATION
4 18.59 -68.67 135.5 2017/09/14 03:40:50 153.0 0.65 19 0.3 MONA PASSAGE A
5 18.48 -68.71 140.4 2017/09/14 03:40:49 152.0 0.69 22 0.3 MONA PASSAGE
6 18.48 -68.71 140.4 2017/09/14 03:40:49 152.0 0.69 22 0.3 MONA PASSAGE
7 18.48 -68.71 140.4 2017/09/14 03:40:49 152.0 0.69 22 0.3 MONA PASSAGE
8 18.48 -68.71 140.4 2017/09/14 03:40:49 152.0 0.69 22 0.3 MONA PASSAGE
4
Bk
tzlslal=le][]
ARIV ID STA PHASE TIME RESID DIST (DEG) AZIM (DEG) TYPE WEIGHT
1 PCDR P 03:41:09 —-0.68 0.3 84.2 REV 0.48
2 SDD P 03:41:14 -0.62 1.1 269.0 REV 0.26
3 LONAL P 03:41:17 =) L3 1.4 309.5 REV 0.45
4 PRSN P 03:41:19 0.77 1L 5 99.8 REV 0.09
5 AGPR P 03:41:20 1L 1z 1L 90.3 REV 0.09
6 CRPR P 03:41:20 0.64 1.6 107.0 REV 0.12
7 MLPR P 03:41:21 0.56 1.7 107.6 REV 0.12
8 AOPR P 03:41:23 0.65 1.9 93.8 REV 0.07
SOURCE YMD HMS GAP MAG PICKS NEAREST RES LAT LON DEPTH
AT 2017/09/14 04:14:43 L3 3.64 M1 22 0.70 0.83 37.25 -97.94 20.00 é
AT 2017/09/14 04:14:43 i858 3.64 M1 21 0.70 0.86 SHN2/5 -97.94 20.00
AT 2017/09/14 04:14:43 153 3.63 M1 20 0.70 0.86 37.24 -97.94 20.00
AT 2017/09/14 04:14:43 1L53) 3.60 M1 19 0.70 0.87 37.24 -97.94 20.00
AT 2017/09/14 04:14:43 153 3.60 M1 20 0.70 1,25 37028 -97.94 20.00
AT 2017/09/14 04:14:43 855 3.58 M1 19 0.70 0.87 37.24 -97.94 20.00
AT 2017/09/14 04:14:43 152 SISV 16 0.70 093 SRS =97393 20.00
AT 2017/09/14 04:14:43 156 3.55 M1 14 0.70 1.02 SIS -97.94 20.00
AT 2017/09/14 04:14:43 156 3.51 M1 13 0.70 1.00 S22 -97.94 20.00
AT 2017/09/14 N4:14-473 ILEG 3.45 M1 12 070 0.9/ 37.21 =97 .94 2000 v
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Hawaii Seismic Data Processing




DATA MOMITOR 124836 PM

US: SynML

awaii Seismic Data
rocessing

PICK MAS: HAWAIL version 1.4 pec c spa-server-3 port 3100)
Toniien Prdin  Buglty Pagee ey STATION COLDRKEY 1« «1n « Set«rin
Mertaor 12500000 [Mercator 12500000
[ ] . .
. .
.
o
£ -
© .

16030 kn. 22 12 anar RS




ction Projection Display Region Help

. 0.33 — L —
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Function ETAs  Obs Message

Search params
fix depth=> Depth: [33

Reset | Locate | write COMF

File Buffer Map Settings Help

ULULEOE0E0 006
oo Parameters | agituies & Countrs | T Solutiontap View oo

Peru

picks

W setstartiation=> Lat: [30.34 Lon: [72211 =

W reviewed M auto

Compute ML

MEE7ETm Brazil N

M display map images. & iima

AT DEPTH ORIGIN TIME RMS PICKS NEAREST LOCATION
1 -30.34 -72.23 33.0(F) 2017/10/22 13:54:57 m 1.14 8 1.2 OFF THE COAST OF CENTRAL CHILE
2 -30.35 -72.21 10.0 2017/10/22 13:54:55 |[PPIRCN 1.12 8 1.2 OFF THE COAST OF CENTRAL CHILE

S OUTH A MERICA/

Bolivia

Victor
PLEASE RESPOND | DON' RESPOND

SEND MESSAGE

TYPE

DIST (DEG) AZIM (DEG)

o Aconcagua

1 G004 P 13:55:18 —0.11 1.2 82.3 REV 0.32 santiaae Argentina

2 co02 P 13:55:19 -0.34 1.3 129.7 REV 0.16 HBuenos Aires
4 coo2 s 13:55:37 -1.11 1.3 129.7 REV 0.67

3 AC04 3 13:55:33 -0.78 2.4 25.0 REV 0.44

5 ROC1 3 13:55:40 -0.41 2.8 159.1 REV 0.47

6 PEL 13 13:55:44 0.09 3.1 155.3 REV 0.41

7 G003 13 13:55:46 -0.16 3.2 32.8 REV 0.39

8 P .82 3.3 112.4 — E |

PICKS

" 0@ MIRRORING ON _ Reload COMF [ ™ save to coMF  [$ Quit

2017/10/22 3. 14 1 1
AT 2017/10/22 13:54:55 199  4.03 ML 13 1.20  l.e5  -30.35  -72.27  37.00 Y 5ot available
AT 2017/10/22 13:54:55 194 3.99 M1 12 1.20 1.57 -30.30 =72.29 37.00
AT 2017/10/22  13:54:55 194 4.04 M1 12 1.20 1.57 -30.31 -72.28 37.00
AT 2017/10/22  13:54:54 220 4.04 M1 10 1.30 1.82 -30.32 -72.36 37.00
AT 2017/10/22  13:54:54 217 3.94 M1 10 1.50 1457/ ==fo); hil -72.48 37.00
AT 2017/10/22  13:54:55 203 3.91 ML 9 1.00 23 -30.36 -72.03 37.00
AT 2017/10/22  13:54:56 210 3.93 ML 9 1.00 2533 -30.38 -71.96 37.00
PT 2017/10/22 3:54:51 151 4.42 M1 12 1.3 1.30 -30.30 -72.35 1.00
2017/10/22 4. 8 1 1




Sumatra 2012 14
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MWP ALL 8.65 (6)
RA 0.59 SD 0.24

NUMBER OF MUPs 6
| Write MWP LP |

Compute Mwp
This is the Mwp

GUI Interface

We also compute Ms, Ms,
Me, Mm, WCMT and SynML /

v
55
Sumatra 2012 | |50 -
45
40
35 |
30 |-

25 = i NI .»-51-54. | | J
-15 0 15 30 45 60 75 20 105 12(
MOMENT Mwp Left click -> VIEW Double Middle Click -> Examine Double Right Click -> Delete




BASIC OPERATIONAL ACTIVITIES I

« SEISMIC DATA COLLECTION,
MONITORING, PROCESSING & ANALYSES

« TSUNAMI FORECASTING
« MESSAGE CREATION & DISSEMINATION




| Gloal Sea-Level Processing Desktop




= PTWC Water Level Measurements

Function
—_— . ——— Time Span 72| 4| Station List

TE GECIZE HUAS PRS Huasco CL al
Peak to Peak X -77.08080 |Buenaventura_C/Colombia 2017-09-04 01:14:00 —
Peak to Peak i L -80.90630 Lil | 2017-09-04 01:33:00
Peak to Peak i -80.90630 2017-09-04 01:33:00 . 2017-09-04 07 Y .
Peak to Peak L -90.31330 138 2017-09-04 07
Peak to Peak | 18127990 K 2017-09-04 07 : TR e T 08:27 10722
Peak to Peak i i -80.90630 .S 2017-09-05 0¢ T G
Peak to Peak £ -157.47300 2017-09-05 19:51:00 . 2017-09-06 0%, —
First Arrival . -96.49170 2017-09-08 04:57:00
First Arrival . -96.12940 |Huatalco_MX 2017-09-08 05:01:00 ¥
Peak to Peak . -96.12940 |Huatalco_MX 2017-09-08 05:14:00 2017-09-08 0%, e
i o : e 115¢ 17000801 O e e T
'eak to Peal X -96. E -08- )<

Lan47 na no ax

Latency <10mins < Howrs <24 Hours File Edit View Search Terminal Help 040 w0721 0527 10722

1 ops 16 Oct
ops 240 CHNR PES  Chansral CL

0

480

ops 3816

15:33'10/21
TIME(UTC) Next XMT 15115 dddpsl  ETA:11:40:82

46 web_dump
ptwc 12 20:47 nos_dump
[ptwc@holo ~]$ df -k
Filesysten 1K-blocks Used Available Use Mounted on
/dev/mapper/vg_opsserver2-lv_root
51475068 7522572 41331056 16% /
tnpfs 32962824 33212 32929612 1% /dev/shm
/dev/sdal 487652 115886 346166 26% /boot
/dev/mapper/vg_opsserver2-1v_home
1056763060 87686120 915389852 9% /home
/dev/mapper/vg_opsserver2-lv_tmp
32380816 140460 30588852 1% /tmp

01:40 10/21 310721

/dev/mapper/vg_opsserver2-lv_usrlocal P e =
15350768 4946988 9617348 34% /usr/local
/dev/mapper/vg_opsserver2-lv_var
32380816 3514112 27215200 12% /var

- /dev/mapper/vg_opsserver2-lv_audit
ELOTINED) 32380816 49080 30680232 1% /var/audit
stow || pispmD sTaTions | COORDS | EXIT

COQU PRS  Coguinbo_CL

/dev/napper/vg_opsserver2-1v_varlog
32380816 264404 30464908 1% /var/log 0400721 5:03'30/21

/dev/mapper/vg_opsserver2-lv_data TIME(UTC) NewtXNT 1233 cogupns ET)
619142920 161001008 426684632 28% /data e ——

[ptucgholo ~1s I =

01:40'10/21 05:27'10/22

15:33'10/21
TIME(UTC) NextXMT 12:27 taltprs  ETA: 1152:10
PAPO PRS  Papoto CL

Tide Tool Client V3.10 (PACIFIC OCEAN)

01:40 10/21 05:27 10/22

15:33"10/2:
TIME(UTC) NextXNT 12:32 pajoprs  ET)
DCHz PWL  DARTYG_Antofagasta 32403

01:40 10/21 15:33 10721 05:27'10/22
TIME(UTC) Next XMT 18:16 dch2psl  ETA: 12015

ANTO PRS Antofagasta CL

01:40 10721 15:33'10/21 05:27 10/22
TIME(UTC) NetXNT 12:33 antoprs ET:

PICH PRS  Pichidangui CL

»” Nem

01:40'10/21 05:27'10/22

15:33'10/21
TIME(UTC) NextXMT 12:30 pichprs  ETA: 12:04:8)

MEJI PRS  Mejillones CL

01:40 10/21 15:33'10/21 05:27'10/22
TIME(UTC) Next XNT 12:30 mejiprs  ET

VALP PRS  Valparaito CL

01:40 10/21 15:33 10721 05:27'10/22
TIME(UTC) Next XMT 12:30 valpprs

QTRO FRS Quintero CL

or: 11:23 ocr 22 0140 10/21 15:33"10/21 05:27 10/22

TIME (UTC) Next XMNT 1
CLEARTTs I PLOT INFO

<7 Hours <24 Hours

DataLatency <10 Mins.




Tide Tool Client V3.10 (PACIFIC OCEAN)

Data Latency <10 Mins <70 Mins <7 Hours <24 Hours

DISP/FIND STATIONS




Coastal Sea-Level Stations: j 2

ahoOb=

Situated in shallow water S
Typically installed along piers. 'j ’“} ¢

Usually first to detect tsunami F B |
Provide “facts on the ground” . ._._,’\GOESW
=" \Part of the GTS

Lots of them.

CHANNEL 32

Downloaded at Wallops Island
VA/USA and forwarded to the
US TWCs and Met. Offices.




P : - [T DEEP OCEAN, REAL TIME

The tsunami signal is . 7N TSUNAMI REPORTING SYSTEM

detected by a pressure
sensor on the ocean

floor. That signalis B Buoy S
relayed by acoustic M=
telemetry to the buoy.
The buoy in turn
transmits the signal
via satellite back to
the warning centers.

g | B 2.5 m disk buoy

A

5000m
Can measure changes

in sea-level as small
as 1Tmm!




Tohoku Tsunami Marigrams

OT 5:46 UTC, Mar 11 2011 Mw = 9.1
Mmﬂ oeseike | map |M ’E‘ﬁ‘ DESPIKE M

s ™~ P

— Hanasaki

i Ofunato § wff/J
| I

05:07 10:40 16:13 21:47 05:07 07:53 10:40 13:27
03711 03/11 03/11 03/11 03/11 03/11 03/11 03/11

TIME (UTC) Next XMT 23:52 ofun enc TIME (UTC) hana enc Zoom

aec | moe | peseike | mwrl DESPIKE | mMI

Acapulco

5664 4

DART 21418

AT
W"I?"\\Hw‘f"\»qw /’
/\/\ W Ww\,\m\,-m‘rwwﬁ\m', Ayl ,\” \)J

19:00 21:47

5663 4

Meters

5662 4

05:40 06:13 06:47

16:13
03/11 03/11 03/11 03/11 03/11 03711
TIME (UTC) dsen ptr Zoom TIME (UTC) acap prs Zoom




BASIC OPERATIONAL ACTIVITIES I

« SEISMIC DATA COLLECTION,
MONITORING, PROCESSING & ANALYSES

« SEA-LEVEL DATA COLLECTION,
MONITORING, PROCESSING & ANALYSES

« MESSAGE CREATION & DISSEMINATION




RIFT TSUNAMI FORECASTING DESKTOP

(v (b (] ]




Deep Ocean [« = il Noml - ¥ ) G

Forecast

GG NTWE  sunoct22,12:31:13 @@ Applications  Places

N . ma
PR EXT-LXS)] PR VYl K51 () Monitors sefsmic eter ST
Polygons: 2017102112406, 17295001, 20171022112317.27.965. 072.30W_032_M8.50_5015_d15_10090. L0320, WO75. Mud5_D_D_pac_04.00m_36hr

PTWC Coastal Tsunami Amplitude Forecast Polygons
Actual amplitudes at the coast may vary from forecast amplitudes due fo uncertaintios in the forecast and local featurs.
In particular, maximum tsunami ampitudes on atolls and at locations with fringing or barrier reefs wil likely be much

o x

smaller than the forecast indicates.
This message is issuad for information only in support of the UNESCO/IOG Pacific Tsunami Warning and Mitigation System Earthquake:
and is meant or natinal authorites in each county of thatsystem. National authorites wil determire the appropriate evel 22 0ct 2017
of alert for each country and may issue additional or more refined information. 1123172
Lat: 27.96°S
Lon: 7230°W.
Depth: 32 km
M, :8.50
Determined
Earthquake
Mechanism:

T = P |yg on Ma

>3m

Threat
Not
Computed

model run at:
220ct 2017
112406 Z

120°E 135°E 150°E 165°E 180° 165°W 150°W 135°W 120°W 105°W 90°W 75°W 60°W

Max Amp NP: 20171022112406_17295001_20171022112317_27.965_072.30W_032_M8.50_s015_d15_r0090_L0320_WO075_Mu45_D_D_pac_04.00m_36hr
PTWC Deep-Ocean Tsunami Amplitude Forecast PTWC Coastal Tsunami Amplitude Forecast
" Actuat ampias at h coas mayvary o vecast ampitdes e b uncr

3 shoukd not be used 1o estrmale coastal tsunan impac
a lly musch smaller than coa ind local features. In particular, maximum tsunam ampidu
41 tongng o barme: il ety be much
o only in support of the UNESCOIOC incicatos.
m and 15 maantfor naional authoribes his mossage isissued for information only i support o the UNES

1 authotias wil dstermas the 3ppropaats aming and Aibgation System and 15 maant ior natonal authoriies

Louniry and may 15 addiional o more tefned 1ot mabon ‘each Gounry of (hal systerm. Nabonal authoriies wil datermmna the appropriata
i o more refined nformation

Pacific
Tsunami
Warning

- Coastal

220ct2017
123172
u

Pacific
Tsunami
Warning
Conter

Eartnquake:

—» Forecast

arihauako
Mochaniem

Maximum
Ampiitudo (m)
11.00

3 [ptwc@holo:~] ] RIFT ERROR CONSOLE || [ RIFT Version 1.1.01 [ _RIFT_:20171022112... | Max Amp OP: 201710... | [ Polygons: 201710221... | Max Amp NP: 201710... | [ Coastal Amp: 2017102...
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SIFT TSUNAMI FORECAST

& Propagation Forecast for 20171022112317_lat-27.96_lon-072.30_M8.5.01
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BASIC OPERATIONAL ACTIVITIES I

« SEISMIC DATA COLLECTION,
MONITORING, PROCESSING & ANALYSES

« SEA-LEVEL DATA COLLECTION,
MONITORING, PROCESSING & ANALYSES

« TSUNAMI FORECASTING




Graphical Product: Deep-Ocean Forecast

PTWC Deep-Ocean Tsunami Amplitude Forecast

This map should not be used to estimate coastal tsunami amplitudes or impacts.
Deep-ocean amplitudes are usually much smaller than coastal amplitudes.

This message is issued for information only in support of the UNESCO/IOC Pacific
Tsunami Warning and Mitigation System and is meant for national authorities in
each country of that system. National authorities will determine the appropriate
level of alert for each country and may issue additional or more refined information.
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Graphical Product: Coastal Forecast

PTWC Coastal Tsunami Amplitude Forecast

Actual amplitudes at the coast may vary from forecast amplitudes due to uncertainties
in the forecast and local features. In particular, maximum tsunami amplitudes on atolls
and at locations with fringing or barrier reefs will likely be much smaller than the
forecast indicates.
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Graphical Product: Forecast Polygon

PTWC Coastal Tsunami Amplitude Forecast Polygons

Actual amplitudes at the coast may vary from forecast amplitudes due to uncertainties in the forecast and local features.
In particular, maximum tsunami amplitudes on atolls and at locations with fringing or barrier reefs will likely be much
smaller than the forecast indicates.
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Current Procedures, Products (As of Oct. 2014)

 Base threat on forecast models, not on pre-determined
magnitude threshold (can also apply to local tsunamis)

* I|nitial Products:

o Forecast based on preliminary earthquake parameters
(hypocenter, magnitude)

o Issued in <7 min, so helpful for local threat

- Later improved forecasts constrained by earthquake
mechanism (WCMT) and sea level readings

* No Alert levels. Instead, 3 THREAT LEVELS based on
maximum forecast wave amplitudes:

URRGRECEROELINE B Words like Warning/Watch no longer used

1to less than 3 m

O O O O O

3 m or more fw
Other: Forecast not yet computed
No Threat - 0 to less than 0.3 m e



Public Text message — Threat Message

(MW >=7.1, Earthquake sha"ow) TSUNAMI MESSAGE NUMBER 1
NWS PACIFIC TSUNAMI WARNING CENTER EWA BEACH HI

0454 UTC FRI SEP 8 2017

..PTWC TSUNAMI THREAT MESSAGE...

1st Message

*** NOTICE **** NOTICE **** NOTICE **** NOTICE **** NOTICE *****

THIS MESSAGE IS ISSUED FOR INFORMATION ONLY IN SUPPORT OF THE

P UNESCO/IOC PACIFIC TSUNAMI WARNING AND MITIGATION SYSTEM AND IS
re a MEANT FOR NATIONAL AUTHORITIES IN EACH COUNTRY OF THAT SYSTEM.

. NATIONAL AUTHORITIES WILL DETERMINE THE APPROPRIATE LEVEL OF
() I a ke ACtI O n ALERT FOR EACH COUNTRY AND MAY ISSUE ADDITIONAL OR MORE REFINED
INFORMATION.

P E Q b as e d **** NOTICE **** NOTICE **** NOTICE **** NOTICE **** NOTICE *****
-

PRELIMINARY EARTHQUAKE PARAMETERS

PTWC guidance
information to * MAGNITUDE 8.0

* ORIGIN TIME 0449 UTC SEP 8 2017
Country TWFP/NTWC * COORDINATES 14.9 NORTH 94.0 WEST

* DEPTH 33 KM/ 20 MILES
* LOCATION OFF THE COAST OF CHIAPAS MEXICO

First Product just based|on

. EVALUATION
Earthquake Magnitude, | |—
. * AN EARTHQUAKE WITH A PRELIMINARY MAGNITUDE OF 8.0 OCCURRED
Locatl O n y De pth a n d OFF THE COAST OF CHIAPAS, MEXICO AT 0449 UTC ON FRIDAY
. SEPTEMBER 8 2017.
D I Sta n Ce * BASED ON THE PRELIMINARY EARTHQUAKE PARAMETERS... WIDESPREAD

HAZARDOUS TSUNAMI WAVES ARE POSSIBLE.

TSUNAMI THREAT FORECAST

* AAZARDOILIQ TQIINIAMIWAVNVEQC FROM THIQCR FARTHOIIAKE ARE PORCIRI E




Public Text message — Threat Message

2nd.-3rd Message

e Threat
« Take Action
« Wave Forecast

PTWC guidance
information to
Country TWFP/NTWC

These Products based
on Tsunami Forecast

TSUNAMI MESSAGE NUMBER 2
NWS PACIFIC TSUNAMI WARNING CENTER EWA BEACH HI
0524 UTC FRI SEP 8 2017

...PTWC TSUNAMI THREAT MESSAGE...

*** NOTICE **** NOTICE **** NOTICE **** NOTICE **** NOTICE *****
THIS MESSAGE IS ISSUED FOR INFORMATION ONLY IN SUPPORT OF THE
UNESCO/IOC PACIFIC TSUNAMI WARNING AND MITIGATION SYSTEM AND IS
MEANT FOR NATIONAL AUTHORITIES IN EACH COUNTRY OF THAT SYSTEM.
NATIONAL AUTHORITIES WILL DETERMINE THE APPROPRIATE LEVEL OF
ALERT FOR EACH COUNTRY AND MAY ISSUE ADDITIONAL OR MORE REFINED
INFORMATION.
*** NOTICE **** NOTICE **** NOTICE **** NOTICE **** NOTICE *****

THE TSUNAMI FORECAST IS UPDATED IN THIS MESSAGE.

PRELIMINARY EARTHQUAKE PARAMETERS

*MAGNITUDE 8.2

* ORIGIN TIME 0449 UTC SEP 8 2017

* COORDINATES 14.9 NORTH 94.0 WEST

* DEPTH 33 KM/ 20 MILES

* LOCATION OFF THE COAST OF CHIAPAS MEXICO

and/or Sea-Level info.

* AN EARTHQUAKE WITH A PRELIMINARY MAGNITUDE OF 8.2 OCCURRED

OFF THE COAST OF CHIAPAS, MEXICO AT 0449 UTC ON FRIDAY
SEPTEMBER 8 2017.

* BASED ON ALL AVAILABLE DATA... HAZARDOUS TSUNAMI WAVES ARE
FORECAST FOR SOME COASTS.

TSUNAMI THREAT FORECAST...UPDATED




Tohoku Timeline Video

Elapsed
Time:

00 hr
00 min

UTC:

2011
11 Mar
05:452Z

Tsunami
Wave
Amplitude
(+ meters)

S |
1.00

0.75

The Great Tohoku-Oki
Earthquake (M, = 9.1)

30x actual speed
or 1 sec. = 30 sec.

L




Thank You!




