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Understand the true 2D ground motion

right after an earthguake
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Challenges

« Active research field
« Operationall reguirements

« Limited ground-motion data
= augment by modeling
= (perfect solution: stations everywhere!)
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Requirements

« Algornthmie flexibility

* Robustness

* Near-real-time automation

« Ease of operation

* |[ntegration Inte analyst review

« Self-contained and Maintainable
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Intent

« Provide an Infrastructure

« Jake care of:
= How te run GME algorithm in near-real-time
= HOW to support varying approaches

« Allow User to concentrate on:
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Approach

« Complete orthogonality between
Computation and' Presentation

« GME Separate from Waveform-
measurements

Self-contained software
Recipe/Delegate structure

Default or User-generated delegates
Database driven
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INpULs

« Eanthguake LLocation and Magnitude (ML)
« Ground-moetion measurements: PGA, PGV
« A-priori Inputs

= VS30: 2-dimensional grid, shear-wave velocity

« Station Corrections

= Regression formula

= Regression constants
=« Assembly strategy (delegate implementation)
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Real-time System Context
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Dlbgme structure

« One parameter file:

‘ ‘ Dbview, parameter file

Delegates: C, Matlab, Shell
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Computationall Geometry: Library

« Wiritten from first principles
« Entities:

= Point Each point can:
e Carry Data Values

. Pointset - - . : :
I ' e Carry Void Pointers
Polygon //\
Partition 2217\\\
\'\/,
Grid '
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Livcgeom: anilities

Polygon containment

= IS (X,y) Ina given polygoen

« Which polygon of a partition contains (x,y)
Triangulation of a set of points

« Delaunay O(n”4)

Bicubic overrelaxed tensioned spline
Interpolation (Smith/Wessel Geophys. 1990)
Database links, e.g.

db2cgpointset(3), cggrid2db(3)
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Livcgeom: varous utilities

for example:
re-registration
of grids,
Interpolation,
Generic
functions
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lensioned Spline: FEitting

* Like the GMT surface Command
=« Not multigrid approach (modern woerkstations)
= Harmonic sol’n Min. Curvature sol’n
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iaNet ShakeMap approach

\Walit fer earthguake detection

Collect PGA etc. measurements for earthquake
Compute strong-motion centroid

Reduce measurements to solid-rock equivalent

Create a uniformly spaced (30 km) grid of
phantem; stations from attenuation relations

Spline fit to' Interpolated, fine grid
Correct to local site amplification
Contour plot
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2D Shear-wave Velocity

« Current input: 2D'ASCII grid for region

«  Normal Approach:
1. Acguire GIS Geologic Map of region
2. Assign Vs30 values to Geologic Units
5, Create grid of assumed Vs30 values
s Benchmark with boreholes and geologists

« Test approach:
= Artificial input
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Artificial V/s30: Southern CA

Guess V/s30 from G TTOPO30:

Vs30 ~ 300 m/s + abs(norm(grad(topo))) * 900 m/s
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Thinetsnm_es99 delegate

« Computing an appreximate version of the
TriiNet algorithm

= N0 strong-motion centroid calculation
= Fake geology => exact comparison hard

« Running for three months on Anza data
* PGAs and PGV:s

« Eyeball' comparisons reasonable for
adeguately sized quakes
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Sp._Bssas’ delegate

« Computing an appreximate version of the
TriNet algorithm; except:

* Replace Joyner/Boore (1981) attenuation
With
Sabetta/Pugliese (1987) attenuation
* Configurable parameters
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Computation and Presentation
are
Separated

« Raw measurements are in Database
« Computed grids are in Database
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eas = S qgra
File Edit View Options Graphics He Eile Edit View Options Graphics

sta_| chan| meastye| filter.

/SSN10 [HGE [peaky. .04 5 N Ty
/0472003 (129)
/0472003 (120)

orld_14_trinetsn_ess.
orid_15_trinetsn_es99.
26 |orid_16_trinetsn_esos.
orid_17_trinetsn_es99.
orid_18_trinetsn_esss.ts
orid_19_trinetsn_es9y.
ie/130 orid_21_trinetsn_esss.
orid_22_trinetsn_esos.
23

34 |orid_32_trinetsn_

November 29, 2004 Lindquist Consulting




Dlbgme_show

Dbgme_show

Peak Ground Acceleration

Trinetsm_es99 delegate

May 31, 2003
17:12 GMT

Llat 32.6513
Lon -116.7682
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Matlab Links

May: 12, 2003
22:35 GM

Llat 33.2710
Lon -116.0527

db=dbopen('ssn’,'r");
db=dblookup(db,",'qgrid','orid",'24");
cgg=cggrid(dbfilename(db));

[X,y,z]=cggrid_getmesh(cgQg);

mysurfc(x,y,z)

November 29, 2004 Lindquist Consulting




dorecenteqs

Automated, dynamic Wweb-page creation
Datalbase Driven

Perl, Antelope, GMT

Configurable Architecture

Technoloegies:
= RDBMS->XML->XSLT->HTML

Enhanced for SSN:

= Includes Actual Station Measurements
« Multiple Maps for different Qgrids

« Part of Antelope contrib: source code Is here
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Ovenview: Viap ofi Recent Quakes

Recent Earthquakes in S5N Demonstration System — Netscape
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Quick-link List off Recent Quakes

#| Recent Earthquakes in 55N Demonstration System — Netscape

i File Edit View Go Bookmarks Tools Window Help

€« & .3 u . .
ot B Reload  Stop IJ http#A135.103.180 22 1/dbrecenteqs/ssnaziguaketable j &2 Search ert

7@, ELMail ZhHome JdRadio sl Netscape O\Search‘ WfBookmarks g WebMail g Calendar # Radio #People 2 Yellow Pages ¢ Download (4 Channels 7% Sun | £
“£] 4 Recent Earthguakes in 55N Demans | x

E

22 Earthguakes Shown on This Page:

Local Time Magnitude Region

08:18 AM CET Wednesday October 29th, 2003 236 ML  SOUTHERN CALIFORNIA

01:20 AM CET Wednesday October 29th, 2003  Unknown SOUTHERN CALIFORNIA

08:27 AM CEST Thursday October 23rd, 2003 Unknown WESTERN ARIZONA

02:04 AM CEST Wednesday October 22nd, 2003 278 ML  CALIFORNIA-MEXICO BORDER REGION

11:49 PM CEST Tuesday October 215t, 2003 112ML  SQUTHERN CALIFORNIA

09:39 PM CEST Tuesday October 21st, 2003 253ML  SQUTHERN CALIFORNIA

03:24 PM CEST Tuesday October 14th, 2003 177ML  SQUTHERN CALIFORNIA

11:57 AM CEST Tuesday October 14th, 2003 Unknown SQUTHERN CALIFORNIA

08:25 AM CEST Tuesday October 14th, 2003 117ML  SQUTHERN CALIFORNIA

0557 PM CEST Saturday Qctober 11th, 2002 157ML  SQUTHERN CALIFORNIA

02:30 PM CEET Saturday Getober 11th, 2002 Unknown SOQUTHERN CALIFORMNIA

11:28 AM CEST Saturday October 11th, 2002 176 ML  EOUTHERN CALIFORMNIA

11:14 AM CEST Saturday October 11th, 2003 2592ML  CALIFORNIA-ARIZONA BORDEER REGION

02:31 PM CEST Friday October 10th, 2003 141 ML S0QUTHERN CALIFORNIA

10:07 AM CEST Friday October 10th, 2003 115ML  SQUTHERN CALIFORNIA

04:27 AM CEST Friday Cctober 10th, 2003 257ML  SQUTHERN CALIFORNIA

02:37 PM CEST Thursday October Sth, 2002 233ML  SOQUTHERN CAILIFORNIA

11:28 AM CEST Thursday October Sth, 2003 244 ML  CALIFORNIA-MEXICO BORDER REGION

09:33 AM CEST Thursday October Sth, 2003 222ML  SOUTHERN CALIFORNIA

09:00 AM CEST Thursday October Sth, 2003 231 ML SOQUTHERN CALIFORNIA

0533 AM CEST Thursday October Sth, 2003 141 ML  SQUTHERN CALIFORNIA

01:50 AM CEST Thursday October Sth, 2003 140ML  SQUTHERN CALIFORNIA

Credits:

Wessel and Smith's Generic Mapping Tools
andwell/Smith Marine Bathwmetrv

=l
£l A& 2 B3 ‘ Document: Done (1.804 secs) ‘=m41§|‘ﬁ‘1|
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OC’[ 29, 2005 ML 266

ce: SOUTHERN CALIFORNIA — Netscape

4?;0 ™ i

-+-Earthquake: SOUTHERN CALIFORNIA

PGA Contours

Detecting
Stations

Preferred Hypocentral Solution:

Document: Dan
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\/ital Statistics for Oct. 29 Event

Earthquake: SOUTHERN CALIFORNIA — Netscape
Edit Miew Go Bookmarks Tools MWindow Help

- i - \3 = http:#185.103.180.221/idb tes: fojuakes/20053302, d31/evid31 htmi#origintahl J 3 h =k =
e Firia Reload  Stop I\’,; p racenteqs/ssnaziguakes, e ‘Bvi mi#origintables v| oA Searc Print

|, EhMail 4}Home JIRadio lNetscape © Search | “wbBockmarks g WehMail ¢ Calendar #Radio ##Peaple ¢ Vellow Pages o Download (-4 Channels 4 Sun | P4
& Eanthguake: SOUTHERN CAUFORNIA' X

Preferred Hypocentral Solution: B

|[Local Date:  [Wednesday Cotober 29th, 2003
[[Local Time: (0818 AM CET
{[Universal Time: [10/28/2003 07:18:31.015 UTC
[[Magnitude:  [2.88 ML
{[Qaridt peak: [0.020 gravity

T L atitude: [24.5017
20 m | | | |-g {[Longitude: 1163865

{[Depth: 4 km

Q g ri d P e ak {[Author: Antelope Automatic System

This earthquake was:

|| 108 miles (173 k) ENE of Los Angeles, CA

|| 137 miles (220 km) NNE of San Diego

11 Stations detecting this earthquake:

Station | Distance PVA PVY WA-Amplitude | Phase Arrival Time

SSNO4 | 102km | 0.035 milli-g | 0.001057 cmysec | 0.63 mm 15 003 07.18:48.630 UTC

SSN0E | 109 km | 0.033 milli-g | 0.000782 cm/fsec | 0.51 mm 003 07:18:49.970 UTC

SSNO7 | 115 km | 0.051 milli-g |0.001146 em/fsec | 0.51 mm 0032 07:18:50830 UTC

SENI10 | 116 km | 0.054 milli-g | 0.001242 cmysec | 0.88 mm 002 07:1%:50980 UTC

SSN08 | 117 km | 0.018 milli-g | 0.000642 cm/sec | .60 mm 0032 07:18:51 270 UTC

S3N02 | 119km | 0.030 milli-g | 0.000820 cmysec | 0.55 mm 003 07:18:51.400 UTC

SEN0S | 119 km | 0.069 milli-g | 0.003181 cmysec | 3.11 mm 003 07:18:51.190 UTC

SSNO3 | 124 km | 0.006 milli-g | 0.000326 cmisec | 0.29 mm 002 07:18:52410 UTC

SSNO1 | 125km | 0.028 milli-g | 0.000743 cmysec | 0.57 mm 003 07:18:52.500 UTC

i = hidl
e £l & 2 | Document: Done (0.516 secs) | |=4D% @lgﬂ‘
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Shaded Contours of PGA

#| Earthquake: SOUTHERN CALIFORNIA — Netscape : ‘J
M File Edit View Go Bookmarks Tools Window Help

2. e .3 B . i & .
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-#h—Earthquake: SOUTHERN CALIFORNIA

Measured PGAs
At stations plotted
On Same color
scale

Event Man FGA bag PGV Map MivT Map

i £l A 2 3 ‘ Document: Done (1.531 secs)
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Detalled Info for Each Station

~] Netscape ==
vEile Edit Miew Go Bookmarks Tools Window Help

IJ http#A135.103.180 221 /dbrecenteqs/ssnaz/quakes 2003282 _evid1 0/evic10_station_SSM0O3 html j &Seaﬂ:h ‘:j -
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-#~Earthquake: SOUTHERN CALIFORNIA

[5ration: SSN09
|[5tation Latitude: 33.5234
|[5tation Longitude: -116.4257
|[Arrival Phase: P
|[Arrival Time: 10/09/2003 07:33:58.190 UTC
|[station-to-Earthquake Distance:  [12 km

|[5tation-to-event Azimuth: 150 degrees

|[Peak Vector Acceleration: 2.730 milli-g

|[Qgrid PGA value: 3.62 milli-g

|[PA Time: 2.57 sec after F arrival

|[PvA Signal-to-Noise: 259266

I|Peak Vector Velocity: 0.056347 crafsec

|Qgrid PGV walue 0.147664 cm/fsec

[PVV Time: 2.66 sec after P arrival

[PVV Signal-to-Noise: 114201

|[#ood-Anderson Amplitude: 2745 mm

|[Wood-Anderson Time: 3.30 sec after P arrival
|[#ood-Anderson Signal-to-Nolse: 490.49

|[#ood-Anderson Channel: HGE

£ & 2 & ‘ Dacument: Done (0311 secs)
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November 29, 2004

PGV Contour Viap

Earthquake: SOUTHERN CALIFORNIA — Netscape

42:;,;4 b

-#—Earthquake: SOUTHERN CALIFORNIA

Preferred Hypocentral Solution:

Dacument: Done
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InstrumentallModiiied Mercallil Intensity

#\ Earthquake: SOUTHERN CALIFORNIA — Netscape
‘ File Edit Miew Go Bookmarks Tools Window Help

pack T Fn“rward - R:%\d émp A I\’,; http¥155.103.180.221/dbrecentegs/ssnaz/quakes/Z003302_evid31fevidmmiil html
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Summany.

« 2-DIground-motion estimates possible
« Reqguires

= Multiple real-time stations

= extensive a-priori data: V/s30, attenuation

« Scientifically complex; active research field
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