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This presentation shows some examples of applying GIS to seismic
hazards and risk assessment in Vietnam. The results are obtained
In terms of forecasts of damage and human impacts that may result
from future earthquakes. Three showcases are presented here

focusing on:
1) Seismic hazard assessment at regional scale
2) Seismic hazard assessment and loss estimation at urban scale

Extension case of tsunami hazard assessment is discussed
emphasizing on the needs of using high-performance computing

facility to develop a database of pre-calculated earthquake/tsunami

scenarios for warning purpose in Vietnam. Nguyén Hong Phuong
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OUTLINE
» Introduction

= Fault Source Model and Earthquake
Scenarios

= GIS tools: a DSS
= Hazard assessment at regional scale

» Risk assessment at urban scale: the
Megacities

» Extension case: Tsunami Risk
= Conclusion
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 The largest earthquakes in
country: 3

-1 historical (in the 14th
century)

- 2 recorded:

-Dien Bien 1935 (M=6.7) and
Tuan Giao 1983 (M=6.7)

» Offshore volcanic
earthquake 1923 (M=6.1).

* No records of historical
tsunami s, no official data on
damage and casualties

Ismotectonic map of Vietham and adjacent sea areas
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BACKGROUND
A fault-source model of Vietham was developed, using the relationship
of Wells and Coppersmith (1994) given below:
Log,, (L) =a+b. M

where L is the rupture length (km) and M is the moment magnitude of
the earthguake; a and b are regression coefficient, determined for

different types of faults.

Regression Coefficients of Fault Rupture Relationship of Wells and
Coppersmith (1994)
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BACKGROUND

Relationship between ground motion parameters Y, the earthquake
magnitude M and the focal distance R, also known as the attenuation

equation, can be express as follows:
Y =c, exp (c; M) RC,

where Y is one of the peak ground motion values (acceleration, velocity,

or displacement). c,, c, and c, are spatial dependent constants.

Nguyén Hong Phurong A&
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BACKGROUND
For the PGA values, many attenuation equations have been defined by

various investigators for regions of the World with different geological
and geo-dynamical conditions. The table below Ilists 10 most

characteristic attenuation equations used for the application of fault-

source model of Vietham.
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Table 2. The attenuation equations Wsed for the Tault-source model of Wetnan

Reference Purpose

lhlllu -md shallow crustal earthguakes.

shallow crustal earthguakes (PGA
only
Hawaiian earthquakes (PGA anly).
Deep and subduction zone
eathguakes.
The central and Eastern LLS.
The central and Eastern L1 5.

| The central and Eastern LS.
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DATABASE

A database of 46 seismically active faults systems in
the territory and continental shelf of Vietham was
created.

« The faults systems are grouped in two ranks,
depending on their depth of active layers and
magnitude thresholds.

» The faults systems are simplified and digitized as
single polylines in a GIS environment, and linked with
their attribute data.

» There are two types of faults attribute data stored in
the database. The first type is the descriptive
information, including fault name, fault rank, type of
faulting, main direction, total length, etc... More
important attribute type is the fault parameters, which
can be used directly to the hazard calculation as
maximum moment magnitude, surface and subsurface
rupture sizes, dip angle, etc...
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Fault-source model was applied to define scenario earthquakes to
be used Iin seismic hazard and risk assessment procedures in

Vietnam at two levels: regional and urban.

A scenario earthquake is assumed the event, predicted (most
likely) to occur in the study area, with predefined parameters. In
another words, scenario earthguake is a simulation of an event in

the past for predicting the effects of a future event.

Nguyén Hong Phurong S
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GIS TOOLS FOR SCENARIO-BASED HAZARD
AND RISK ASSESSMENT

REGIONAL SCALE

Name : F-Hazard

Environment: ArcView GIS

Programming language: Avenue

1. Select a Study Region

2. Select a Fault

3. Define a Scenario Earthquake

4. Calculate and Mapping Hazard

Nguyén Héng Phwong
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= Program F-Hazard was used to simulate the Tuan Giao earthquake of
June 24th, 1983, the one of the largest events ever observed and
iInstrumentally recorded in the territory of Vietnam. With the assumption of
the earthguake origination on Son La fault, the parameters of scenario

earthquake were defined as follows:

= The fault-source is stretching in NW-SE direction, with a normal, right-
lateral strike slip mechanism. The fault surface plunged north-eastward
with a dip angle of y=750;

= Epicentre coordinates are = 103.43; A= 21.71;

= M,, =6.77 (converted from Mg = 6.7);
= Focal depth H = 23 km

Nguyén Hong Phuong A&

Institute of Geophysics G




International Symposium on Grids & Clouds 2011 & Open Grid Forum 31, 19-25 March 2011, Academica Sinica, Taipei, Taiwan

lill




International Symposium on Grids & Clouds 2011 & Open Grid Forum 31, 19-25 March 2011, Academica Sinica, Taipei, Taiwan

SEISMIC HAZARD ASSESSMENT AT REGIONAL SCALE

2 ArcView GIS 3.2a EEE
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=  On-fly calculation

= Producing Shake Maps

= Rapid Assessment

Nguyén Hong Phurong A&
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URBAN SCALE 1. Define the 2. Define an
earthquake

study region

scenario

= Name : ArcRisk

3. Ground
: ¥ c motion g
= Environment: ArcView assessment T
G | S Earthquake disaster
\ . 4 Ground 5 Dgrlnage reduction planning
= Programming language: failure andloss g aredness
assessment
Avenue eEmergency response

eRecovery

Demographic
data inventory

and

Nguyén Héng Phwong

Institute of Geophysics ¥




International Symposium on Grids & Clouds 2011 & Open Grid Forum 31, 19-25 March 2011, Academica Sinica, Taipei, Taiwan

SEISMIC HAZARD ASSESSMENT FOR MEGACITIES OF VIETNAM

= ArcRisk has been used to estimate building damage and casualties for

urban areas of some megacities of Vietham.

= An example of Hanoi city is presented here. The scenario earthquakes
were created with the assumption that they are originated on one of the

seismically active faults, crossing or passing nearby the city territory.

Nguyén Hong Phurong A&
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GROUND SHAKING ASSESSMENT
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ROUND FAILURE ASSESSMEN
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GROUND FAILURE ASSESSMENT

Landslide susceptibility

B Liquefaction susceptibility
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GROUND FAILURE ASSESSMENT
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EARTHQUAKE LOSS ESTIMATION: HOAN KIEM DISTRICT
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BUILDINGS IN HANOI: THE C TYPE
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Building stocks: structural classification
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Building stocks: occupancy classification
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Shaking map: Peak Ground Acceleration
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= Elements at Risk : 1) Buildings

= Building damage: 5 states (None, Slight, Moderate,
Extensive and Complete)

L2 - - A -

NONE SLIGHT MODERATE EXTENSIVE COMPLETE
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Probability of building damage: Extensive state
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Probability of building damage: Extensive state
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REPORTS

STRUCTURAL EUILDING DAMAGE
DISTRICT: QUAN Ba BINH

SCENARIO: SCHES_BD FAULT: SONG CHAY L LONG:105. 74 LAT:20 .99 DEPTH: 15

Probability of building damage: Extensive state

Nguyén Héng Phwong
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= Elements at Risk: 2) People

= Casualties: 4 severity levels, at 2 am, 2 pm and 5 pm

Nguyén Hong Phurong A&
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REPORTS
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= Coupling GIS and simulation: ArcRisk and GAMA (Gis & Agent-
based Modeling Architecture)

= Search and Rescue Tools in a DSS

A product of a Scientific Joint Project between IGP and IRD/IFI
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The Earthquake Information and Tsunami Warning Centre (EITWC) within the
Vietham Academy of Science and Technology (VAST) has been given the
responsibility for issuing earthquake information and tsunami warnings for

Vietnam in order to reduce the impact of these natural disasters.
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1) Need Pre-calculation

2) Problems of Data Storage and Retrieval

Nguyén Hong Phurong A&
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Earthguake Time (in Minutes) Required for Processing Warning Information
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EXTENSION CASE: TSUNAM

1) Development of a pre-calculated tsunami scenario database: Vu
Thanh Ca et al (2008)
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EXTENSION CASE: TSUNAM

1) Development of a pre-calculated tsunami scenario database: Vu
Thanh Ca et al (2008)
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2) Tsunami vulnerability mapping: Nguyen Hong Phuong et al (2009)
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2) Tsunami vulnerability mapping: Nguyen Hong Phuong et al (2009)
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3) A DSS tool for Scenario-based deterministic tsunami risk analysis as

extension of the ArcRisk

1. Define the 2. Define an
study region earthquake
scenario

3. Tsunami Generation:
deformation mechanism
of the Sea bottom and
surface

5. Damage
and loss
estimation

4. Tsunami transmission
from source to site:
simulation

Demographic
data inventory
and
vulnerability

Decision making:
Tsunami disaster
reduction planning

*Preparedness
eEmergency response
eRecovery
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1) 25 tsunami scenarios for Vietnam versus 100 000 ones
for Japan; 7 000 for Indonesia, ...

2) Far not enough for warning purpose in Vietnam

3) Problems of Data Storage and Retrieval

Nguyén Hong Phuong A&
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1) Based on a simple fault-source model, GIS-based tools were
created, allowing for seismic risk analysis in Vietham at various
scales, from regional to urban. The extent and level of risk due to
scenario earthquake are depicted in a variety of GIS maps,
automatically generated in a GIS environment. Scenario-based
deterministic seismic risk analysis can be extended for the case of
tsunami hazard and risk assessment.

2) Pre-calculated earthqguake/tsunami scenarios can provide
authorities with useful response information, including data on the
distribution of shaking, building damage and casualties immediately
after major earthquakes.

3) All results presented here show the need for High Performance
Computing in earthquake/tsunami hazard and risk assessment in
Vietnam. GRIDS AND CLOUDS NOW! Nguyén Hing Phuong
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Earthquake — Tsunami Hazard
Assessment and Risk Mitigation
In Vietham using GIS

Nguyen Hong Phuong
Earthquake Information and Tsunami Warning Centre
Institute of Geophysics, VAST

THANK YOU !
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