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» This study presents the first results of
the collaborative effort between
Ministry of the Environment and Natural
Resources of El Salvador (MARN), the
University of El Salvador and the Global
Earthquake Model Foundation under
the Forecasting and Communicating
Earthquake Hazard and Risk (FORCE)
project framework, to estimate
probabilistic seismic risk for the national
building stock.
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FORCE

Training
Strengthening local
capacities and
consolidating a technical
community network
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Knowledge

Communication
Usable information for
stakeholders and decision-
making authorities

State-of-the-arton seismic
hazard and risk modelling to
forecast future risk
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Za. EL SALVADOR: A Multi-hazard territory - The Valley of

@
‘NQ, The Hammocks

» Smallest and most densely populated country in Central America.
» According World Risk Report 2023, El Salvador has very high World Risk Index, ranking it 34th worldwide.
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" Source: https://spet. ob.sv/informacion/?area
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» National Exposure Model presents more than 2 million
assets and approx. 6.2 million occupants.
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» The seismic source that most
contributes to the country’s
seismic hazard is the Active

Shallow Crust

> It matches with the axis of
the volcanic chain and where
the Geological Fault Zone of
El Salvador is located.
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Volcanes

Fuentes:
J Mapa de Intensidades: Modificado por Kattan, C., 2010 & Bommer et al., 1998.

O Fotografias: Diario de Hoy y La Prensa Grafica.
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SEISMIC HAZARD: Seismic source characterization for
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A SEISMIC HAZARD: Regionalization of seismic catalogue

f°o»*;;g§‘@%
Q- according tectonic and rupture mechanisms

Lo

» Compilation of homogenized seismic catalog from different > Criteria definition for regionalizing the catalog by
tectonic environments
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\: SEISMIC HAZARD: Seismic source characterization for

‘ > modeling: geological faults + grid sources
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= 24“"“gri'&”"” sources © | > Recurrence rates in sources » Activity rates derived from Paleo-studies
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modeling: subduction zone

» Definition of Cocos Plate geometry off the coast of El Salvador

Distance from the trench [km]
200 300

15°N |-

39 new cross-sections

Each cross-section has
more reference
information to manually
trace the geometry:

Moho (Lithos 1.0)
Topography

Focal mechanisms
from GCMT

Slab 1.0 Model

U 0Ood

30°W

México

Source: CCARA-GEM, 2017
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Rupture mechanism classibcation (Kavering e 3l 1996)
rs Wlls =N Fx

Panama

» Subduction

. SEISMIC HAZARD: Seismic source characterization for

Interface:

Modeled as
complex surfaces,
since their
geometry can
vary in depth

> Subduction
IntraSlab:

Modeled as a
collection of
ruptures, where
each one has its
probability of
occurring.
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SEISMIC HAZARD: Ground motion characterization
using local records

» Use of GEM's Strong Motion Toolkit and El Salvador Strong Motion Database (RADES) to evaluate models and statistical
criteria to analyze the fit between observed data and those predicted by GMPEs according the tectonic environment of the

S e I S m I C S O u rce S . Comparacion de Registros Acelerogréficos de El Salvador - Componentes Transversales
A AkkarEtAIRhyp2014
Active | — 033 .
shallow crust [~ BooreAtkison2011
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Source: Weatherill, 2014
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Comparison Sinter
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PGA - Return Period: 475 years
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SEISMIC HAZARD: Seismic hazard map on rock and
disaggregation charts for some return periods

» San Salvador city

Local Seismicity: [Active Shallow Crust] 5410 w430 w450 ©470 w490 u510 w53
‘ ! \ #55 =57 m59 m6l w63 w65 =67
67, 17.5 69 71 u73 u75 w77 w79
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Subduction Seismicity: [Intraslab & Interface]
l
1

0.00007

’ 7.7,97.5

0.00006
0.00005
0.00004
0.00003

0.00002

Contribucién a la amenaza:
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» Acajutla city
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» Vs30 Map classified by site classes, using geological and

downhole data through machine learning
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SITE CHARACTERIZATION: Using proxy Vs30 map and
amplification functions for site classes

» Average transfer functions for 6 site classes
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EXPOSURE MODEL FOR EL SALVADOR: Creation of
infrastructure exposure

» Exposure model construction
» Basic data in the Exposure Model

Occupants at Geospatial asset
; exposure model

Building's number with — — morning
spatial and structural
attributes

Using artificial
intelligence for
attribute inferences
and cost calculations of
exposed assets

Value of exposed
assets

Digitization, collection
and data analysis from
cartographic studies,
censuses, etc.

Structural Typology
that resists lateral Occupants at
loads night
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EXPOSURE MODEL FOR EL SALVADOR: Data used as
input for the exposure characterization

Tipologia Estructural
Universitaria

Miramonte, San

o
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» Territorial Planning Maps to estimate land use

1

i’::ﬂ"’ﬁt:‘:" 1985 [ 2014
I +ocs I vocs [ 2000
to estimate roof elevation
; PR % ';L >
.:&lbn:“-. .

Y
@

Reunién/Religion ¢ ' 2§

Salud

B Residencial [ Educacion I Gubernamental [
I Oficinas I ndustrial B comercio Alojamiento
» Open Building footprints from Google
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ﬁa EXPOSURE MODEL FOR EL SALVADOR: Flowchart for
‘NQ© data collection
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» Flowchart presenting the process of data collection, processing and preparation performed to obtain a national
exposure model for El Salvador.

o= Data Sets ------- o, mmmm===d Preprocessing ------- S. LemTTTTmmmmmmmmmoooo Model Preparation |---------------- -, -~~°7 Output

E Roof Elevation : E Handing Missing Data

© 'y > K-NN Model o BUildi_ng
. [crowth perit Building i) Footerints
Footprints X

. [ Building and E : Complete
: Land Uses . .Final
! ~— 1 . !

Exposure

Model

Building L Database
Footprints _)E E l:’rban B|_°°k sst;?:;ri:)enaglf Check and
. — . rocessing | :
: Urban Blocks | ' | ' 9 engineering Evaluation
' Roof Cover - o = arameters
: Areas Vo Complete - P
: ' Urban Blocks o
E Housing ' E !
! Census '
E Population
Y Census




£

7

MERI
\“A Ca 4~0

C)
re o
Siwwoo Y

<
()

EXPOSURE MODEL FOR EL SALVADOR: Main building
classes identified with their structural attributes

Material LLRS Description Code levels Storeys
LEINE Reinforced cqngrete frames with
infills
CR LFM Reinforced concrete moment  ~p\ op) cDM H:3 to H:25
resisting frames
LDUAL Reinforced concrete with dual
systems (frames and shear walls)
MATO LN Waste and light materials CDN H:1
MCE+CBH LWAL Confined and reinforced concrete CDN, CDL, CDM  H:1 to H:3
masonry shear walls
MR+CBH LWAL Unconfined reinforced concrete CDN, CDL, CDM  H:1 to H:3
masonry shear walls
MUR+ADO LWAL Adobe masonry shear walls CDN H:1
S LEM / LEBR Hot-rolled steel moment resisting CDL, CDM H:1 to H-3
frames
W+WLI LN Light wood moment resisting CDN, CDL H-1
frames
W+WWD LWAL Bahareque shear walls CDN H:1
Sﬁééé LUNA @E 6 IASPE| e “«@m CDN: No Design Code
sttt e i IUGG e CDL: Low Design Code
CDM: Medium Design Code
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' some buildings typologies found in the country

REINFORCED MASONRY RC MOMENT FRAMES RC WALLS

@@\ EXPOSURE MODEL FOR EL SALVADOR: Photographs of
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EXPOSURE MODEL FOR EL SALVADOR: Photographs of
with the most vulnerable materials

houses constructed
| | SHEET META
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iﬁ EXPOSURE MODEL FOR EL SALVADOR: Summary of
N national exposure model at department leve
‘ﬂ t | del at d t t level

» Spatial distribution of the national building stock and occupants per administrative department

14

Exposed buildings (thousand

per department g o per department
61-90 5282765

13 NIC NIC
90 - 145 226 -354

. 145 - 219 . 354 - 754
. 219 - 350 . 754 - 1644

0 50 100 km

-90 -89 -88 -90 -89 -88
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EXPOSURE MODEL FOR EL SALVADOR: Summary of the
national exposure model at municipal and city level (1)
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N: EXPOSURE MODEL FOR EL SALVADOR: Summary of the
national exposure model at municipal and city level (2)
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EXPOSURE MODEL FOR EL SALVADOR: Building classes
distribution and Exposure to the seismic hazard

= - = 4 ;
v, Estimation of assets exposed to
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a VULNERABILITY MODEL: Global Earthquake Model
- vulnerability functions and local fragility curves
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» GEM Foundation's vulnerability functions for global risk assessment were used, along with local fragility models for
reinforced, confined, and adobe masonry, derived from local studies and using the Vulnerability Model ToolKit (VMTK-

Strong motion Capacity Incremenal Fragility
Dynamic

records selecion Curves Curves
AnaIy5|s
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GEM
Database
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AMENAZA EXPOSICION VULNERABILIDAD

La probabilidad, posibilidad o chance de La ubicacion, atributos y valores de los La probabilidad de que los activos sean
ocurrencia de un fendmeno potencialmente activos que son importantes para las dafados o destruidos cuando estdn expuestos
destructivo comunidades a un evento peligroso

27.7000° N, 85.3333° E 50% 60%

l I

Tipologia constructiva: Mamposteria reforzada
Afio de construccion: 1996
Altura: 2 niveles

DA LUNA AX Ut @

Society of America Acagemia Nacianal de Clencias nbernatbosl Asseclutben of Sebimnobogy
Costa Rica ‘and Physics of the Larth's interior

KINEMETRICS
Actancement thissgh innevation




@
r

UGg.1asP®

VULNERABILITY MODEL: Vulnerability functions used
for the estimation of economic and human loss ratios

pMERIC, cq
« Ay 44’0

ss TWwoo

Reinforced Masonry shear-wall (LWALL) structures, with low code (CDL) and mid-level
seismic provisions (CDM) and two-storeys in height (H2).

» Each one of the building MR/LWAL-CDL/H2 - Structural MR/LWAL-CDL/H2 - Occupants
classes identified in the o 0.008
National Exposure Model of 09 | —O—low-ode 0.007
El Salvador was mapped to 0.8 mid-code S
one or more vulnerability e ——
. 2 0. e -
curves, thus allowing the & 8 oo
estimation of economicand & , g .
human losses caused by 03 |
. 0.002
damage in the structural 0.2
0.001
components of the assets. 01
0.0 : 0.000
0 05 1 15 2 25 3 0 05 1 15 2 x5 3
IMLs - Sa (0.3s) IMLs - Sa (0.3s)
S.SA. LUNA A% QIASPEI e MK
Society of Amerca bt e T IUGG R M




PROBABILISTIC SEISMIC RISK ASSESSMENT: Average
annual economic loss and fatalities ratios

- Human AAFR
°a per Department

» 100,000 Stochastic Events
Sets with 1 year duration by
each logic tree branch were
conducted, resulting in
hundreds of thousands of 1
seismic events

> The national estimated
economic AALR is 0.35%. Some

departments, such as Usulutan, ECQERISALR 5
per Department o
La Paz and San Salvador have - o
an AALR above 0.40%. 13 NIC ' NIC
0.2% - 0.3% 08-15 o
. — Averaze annual economic . N Average annual fatalities per
| | g S af 100,000 inhabitants (AAFR)
» The national estimated | R loss ratio (AALR) - RE
human loss (AAFR) is 1.8. An : . I
exception of note is the e
Ahuachapan department, - g - - - -
| nQ~ o e BN
where the AAFR exceeds_ 2.3 LUN/X .l . W W TN
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ﬁ PROBABILISTIC SEISMIC RISK ASSESSMENT: Loss

‘yﬂ exceedance curves for the National Building Portfolio

“)
IUG
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2
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» Loss level as a percentage of total exposed economic value for a range of

return periods > Seismic events associated with 200

20% and 500 years of RP might cause a
rlz-n 7% and 12% loss of the national
~O— mean building portfolio economic value,
[ 15% respectively
v |
% f‘f » This level of loss is one of the
= 10% highest in Central America and
= globally. This is primarily due to the
;E significant seismic hazard across
S 5% the nation, compounded by the
physical vulnerability of its
buildings.
0%
1 10 100 1000 QKKK

IIIIIIIIIII

Return Period (years)




ﬁ PROBABILISTIC SEISMIC RISK ASSESSMENT: Future Risk
; ' Mitigation and Management Profile

EL SALVADOR

Ugg. |As\’a\

INVENTARIO NACIONAL EXPUESTO

> Map of Average Annual Collapses

The most red-colored hexagons on the
map would benefit most from improved

PERFIL DE MITIGACION Y
GESTION DE RIESGO SISMICO

ee®
oeRge
[-Co0-

Poblacion

N

Edificios
6.3 millones Residenciales Comerciales Educativos
2.2 millones

=
n

Edificios

195 mil

I

Edificios Edificios
Industriales
30 mil 2 mil

DISTRITOS EN MAYOR RIESGO

il

—
Edificios
de Salud

8.3mil

-

Edificios
de Gobierno

12 mil

S

([~
Capital
expuesto
$195 (bill. USD)

© o) @
o (Y= oo
c < c ersonas . O perdidas & Colapsos -
. . . . . o o o ses ve s P Q Damnificados
construction  oversight, seismic  risk @b osro R owee FOTIE & oo M ovom GRS
. i
awareness campaigns, and long-term 4 san Salvador 43% 10% 14% 7.2% 7.2%
. . . g SantaAha "1, 140 sonta Ana 41% 8% 4% 5.5% 48%
o Pt NN G ' ’ - '

mltlgatlon Strategles. Ahuachapan l,/ I, /-»-y/“ Sens}l‘ﬂtﬂ‘)_g_que San Miguel 3.7% 4% 5% 4.1% 4.3%
\\CA. 7? C\ \ ?\r/‘”\ 5 /f Ahuachapan 1.9% 3% 2% 29% 20%
‘A €Sonsonate ¥ ' sSan Vmeﬁte "1 Soyapango 3.5% 4% 4% 2.8% 4.4%

. . | L
> Annualized risk Sansavad \} % Usulutan 1.1% 2% % 2.1% 1.8%
f [g ,.San Mlguel llopango 1.7% 3% 2% 1.8% 3.1%
. . A ] 5 Colon 2.9% 2% 2% 1.7% 2.4%

- ( ~ La{Union
Depending on the target metric for long s s 24 Ciudad Arce [ 1.2% % % 17% 1.6%
. . . . . — o .

term mitigation, it can be seen which 0 e ~.«” "0 San.uan Opico B 1.4% 2% % 177 16%
g ’ v e 0 ko Susap £.GEM @ e e 0 o~ Sonsonate 1.1% 2% 2% 1.6% 1.4%
Mejicanos 22% 2% 2% 1.6% 28%

building typologies would benefit most
from effective efforts.

MAPA DE RIESGO POR DISTRITO
Colapsos anuales promedio

RIESGO ANUAL POR TIPOLOGIA CONSTRUCTIVA

RIESGO POR PERIODO DE RETORNO (en aiios)

" 80

1\0 Fa’rc:c\]i;isj: 9% 43% e ko e o Fatalidades (x1 mil) -

> Risk bV return period °re 107 A - coosos ( mi) %

D)

11 i clapsos B = Pérdicas [x Imilmil. § 50

|nf0rm po||c|es for preparedness’ 2-9  Medio nﬂ Calwu%\es . . 155 som n. Pérdidas [x 1 mil mil. §) .

. . . 3.270 oz Damnificados (x10 mil) -

management, and risk transfer for seismic W= oo 20
. © Pérdidas

events, based on their frequency and 0  on 37% 30% 2% 7w N
. 20-36 Muy alto mill.

m pa Ct- i e Concreto M. Reforzada M. Confinada 50 100 200 250 500 1000 °

Acero Adobe Otros

Seismological
Society of America

L A

Este perfil evalia el impacto sismico del pais con un enfoque probabilistico para guiar politicas de preparacion y mitigacion del riesgo de desaslres. No es una normativa para conshruccion,
planificacién urbana o uso del suelo, ni reemplazala zonificacién sismica, regulaciones de construccién o el plan de ordenamiento territorial vigente del pais.
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13/01/2001 — Mw 7.7 — Depth: 56 km
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DETERMINISTIC SEISMIC RISK ASSESSMENT: Preparation
of Historical Seismic Scenarios occurred in El Salvador

10/10/1986 — Mw 5.7 — Depth: 8.0 km

» Information related to the seismic
rupture, the site model, the exposure
model, and the fragility and
consequence models are compiled.

» Multiple simulations of the ground
motion field (GMF) are generated, taking
into account the variability in the GMPEs

> The GMFs are conditioned with real

observations from stations in order to
reduce intra-event variability.

» The GMPEs that best fit the real
observations are selected and logical
trees are formed.

KINEMETRICS
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DETERMINISTIC SEISMIC RISK ASSESSMENT: Risk profiles
for emergency preparedness and response

INVENTARIO NACIONAL EXPUESTO

EL SALVADOR
."’ﬂ"‘. m - -
> General data ESCENARIO SISMICO B @ B ﬁ ) ﬁ LA" Ilﬂ":'l;

Mw 6.6 — PROF. 7.6 KM Poblacién Edificics Edfficios Edificios Edfficios Edificios Edfficios Capital
ORIGEN: SAN VICENTE 6.3 milones Residenciales Comerciales Educativos  Industriales deSalud de Gobiemo  expuesto

Includes general information about the ] | 2amiones iosmi - somi . omieami " ami 195 (o Uso
seismic event (name, location, and o '
magnitude) and summarizes the -
exposure model.

IMPACTO TOTAL EN EL TERRITORIO NACIONAL

(8
N WG Damnificados Viviendas afectadas

™ 11,055 - 12,706 5,091 - 5,584

MAPA DE cc;fLAF@s

n@ & Heridos de gravedad gjﬂ\:‘g Dafio extenso

POR ZONA S
> Map of Collapses Mgy jf ; " Lsanyient 228- 263 280, 1,694 - 1,909
J; . eve . i,, L — 136
- ) / gy = & Fallecidos "i'::' I Dafio completo
The most red-colored hexagons on the -2 a\\Mode,fdo Jj R B s

map would help emergency response g, gt
entities focus their rescue and debris
removal efforts.

Colapsos

£ 143-172

) / 10 / 20 km~ =D Pérdidas econdmicas
Susab QUGEM i | wumbe, () L — lE;j, $254M - $281M

. 5-9 Muy alto

AFECTACION EN DISTRITOS CON MAYOR RIESGO

] -
HEW } ) . . =, Pérdidas

: ED' Dafio Colapsos Damnificados Heridos de @ Fallecidos econdmicas
‘A~ Completo gravedad {mill. USD)

4 ™

=y

> Impact Tables 1 R R I .

ligero o—

d H h I | H f h COJUTEBEQUE 1340-2460 270-720 90-290 80- 440 - 35 0-10 592-2145 9-39 10-30
Aggregate ranges within localities ot the SAN PEDRO PERULAPAN 650-1410 110-370 30-140 30-200 2-10 0-0 192-975 6-34 4-10
H H H SANTIAGO NONUALCO 720-1380 120-350 30-120 20-152 2-10 0-0 188-825 2-12 4-10

total impact are provided, covering _
EL CARMEN 300-680 60-200 10-80 10-148 1-10 0-0 74-445 1-7 2-5
d|fferent States Of Structural damage and ZACATECOLUCA 1490 - 1960 270-440 70-140 S0-145 5-10 0-0 441-920 8-17 10-15
. . CANDELARIA 400-630 100-200 30-80 40-134 3-10 0-0 204-495 3-8 3-5
Other rISk metrics. SAN RAFAEL CEDROS 380-780 70-210 20-80 10-129 2-10 0-0 109-515 2-9 2-5
.)_)]‘\ SANTA CRUZ MICHAPA 260-530 50-170 10-70 10-129 1-5 0-0 63-395 1-6 1-5

Seismological L
Society of America Este perfil evalia el impacto sismico del pais con un enfoque deterministico para guiar politicas de preparacién y respuesta ante emergencias derivadas de un escenario sismico. No esuna
normaltiva para construccién, planificacién urbana o uso del suelo, nireemplazala zonificacién sismica, regulaciones de conshuccién o el plan de ordenamiento territorial vigente del pais.
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RAPID LOSS ESTIMATION AND COLLAPSES: Construction
of an Automated Dashboard. Processing method
- *’ Event occurs '

= Magnitude thresholds definition according to tectonic environment H Subduction: Mw 6.5 }—b Active shallow crust: Mw 4.5 ‘
. ShakeMap I Seismic parameters and event ID are Table creation with values observed from
Generation extracted stations for PGA, SA (0.3, 1 and 3 sec )
[, CMT moment tensor Using empirical Area-Magnitude
. [re—-
computation

Value of Vs30 is added to each
station and its site class respective

| This data iscaptured for the two fault
scaling relationships planes from the focal mechanism
Estimation of fault

—.-

' Active Shallow Crust: Wells&C th 1994
. Theevent Mw and the focal parameters are | | ACTVE SNTOW LTS, RSP
ruptures dimension extracted using scmt module in SeisComP

Subduction: Strasser et al. 2010
o | El Salvador ExposureModel in a Terrain amplification model (Vs30 or GEM and local fragility curves with
Compilation of all hexagonal grid country Amplification Functions) weights for use
~» | files necessary to
run scenario Acce!eration valule's of strong motion GMPE Logical Tree derivared from the Consequencg models for common
stations to conditionate the results adjustment with PGA data typologies from Hazus
—>- Run damage and risk estimation in OpenQuake Engine for the 2 possible ruptures
Export risk metrics ) - : . .
L, results, tabulate —> Aggre'ggtloplof results by districts, Calculation of Collapse Rates Calcylatlon of 95% confldence
\ municipalities and departments interval on all metrics
them in CSV tables
—> Add tables in SQL Database with pre-configured relational tables
—>- Provide information within tables and features Layers in ArcGIS Online that are related to Dashboard
ANV A & A AN AN
—> Dashboard update in ArcGIS Online W|th information on selsmlc risk metrlcs for the two ruptures
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Mapa de Riesgo al Colapso

Area de Sismologia - Observatorio de Amenazas y Recursos Naturales

of an Automated Dashboard (1)

INVENTARIO NACIONAL EXPUESTO

RAPID LOSS ESTIMATION AND COLLAPSES: Construction

Capital
Pobiacin Edificios Edificios Edéficios Edficos g3 Edifcios  p Edficios Sadide —
62 m Residenciales Comerciales ﬁ Educalivos Indusiriales Hldc Salud de Gobiema ﬂ £105 p—
milionas 2.2 millones 195 md 31 mil 2m | LT1L fe 12 i {Bill USD)

Sismo Mw 6.6 - 13/02/2001-08:22:06 - Distrito San Ramon, San Vicente Sur - Ruptura 1 = ¢: 94 -6: 70 - A: 179

RESUMEN DE IMPACTO TOTAL ESTIMADO EN EL TERRITORIO NACIONAL

Bandera Roja

5,9k - 6,8k

Edificaciones

Bandera Naranja

[®™4,7k-5.2k |

Edificaciones

Bandera Amarilla
™ 25,6k - 27,2k

Edificaciones

Bandera Verde
™ 46,3k - 48,6k

Edificaciones

DISTRIBUCION DE EDIFICACIONES COLAPSADAS

San Juan
Citala.
Asuncian Mita

Jutiapa

Leyenda

Guarita

g .
2 Chalatenango T as MUY ALTO[>5]
ALITO[2-5]

. MODERADO [ 1-2]

. LEVE[0-1]
unomsrs

Berlin

La Unidn

Chirlagua

Map data @ OpenStreetMap contributors, Microsoft, Facebook, Inc. and its affiliates, Esri Community Maps contributors, Map layer by Esri
Dafios por Colapsos 7 MMI PGA PGV PSA (0.3 seg) PSA 1.0 seg) PSA 3.0 seqg)

Riesgo al Colapso [Edificios colapsados]

Damnificados Heridos Fallecidos Pérdidas Econémicas
28k-31,1k  506-571 129-147  $543.0-$5900
Personas Personas Personas Millones

DISTRIBUCION MEDIA ESTIMADA DE iINDICE DE COLAPSOS (%)

SANTA MARIA OSTUMA

GUADALUPE

indice de colapsos (%) por Distritos

indice de colapsos (%) por Municipios

1,097 %

596%

JERUSALEN 154%
I
SANTA CRUZ ANALGUITO _1,Duaas CUSCATLAN SAN
SUR VICENTE
LA SAN Nomie  CUSCATLAN
CENTRO SUR

0,787 %

[ndice de colapsos (%) por Departamentos

SAN EMIGDIO _ﬂ,bDE %
619%
SAN RAMON -0.5?6 %
357T%
CANDELARLA 0515%
232%
SAN CRISTOBAL - 0,462 %
012% 0,04 %
S5AN PEDRO MONUALCO - 0,414 % CUSCATLAN SAM
SALVADOR
L& SAN CABAMAS

SAM JUAN TEPEZONTES -0.3101': PAZ WICENTE

El indice de Colapsos es una métrica que se utiliza para evaluar la proporcién de edificios que han colapsado en una localidad en
relacion con el nimero total de edificios contabilizados dentro de la misma. Esta métrica permite identificar las dreas con mayor

impacto en términos de colapsos estructurales.

Fallecidos

Powered by Esri

indice de Colapsos 7 Heridos Damnificados Pérdidas Economicas $



N RAPID LOSS ESTIMATION AND COLLAPSES: Construction

of an Automated Dashboard (2)

- - -

. . ach Ei E o fics Cios . —_—
M apa d e R 1esqo a I OI apso Poblacion Edificios dificios. Edificios Edificios _[ry. Edificios Edificios -

. &3 - p g C p % 62 m Residenciales H Comerciales ﬁ Educalivos Indusiriales Hldc Salud .‘ de Gabiemnao ﬁ %fl’:esm =

INVENTARIO NACIONAL EXPUESTO

L] Capital
- - - 85
+. " Areade Sismologia - Observatorio de Amenazas y Recursos Naturales 185 mil 31 mil Zm R A mil Bl 12 i (Bill_ USD)

milllones 2.2 millones

Sismo Mw 7.7 - 13/01/2001-11:33:32 - Frente a costa de Usulutan - Ruptura 2 = ¢: 307 - 6: 55 - A: -87

RESUMEN DE IMPACTO TOTAL ESTIMADO EN EL TERRITORIO NACIONAL

Bandera Verde Bandera Amarilla Bandera Naranja Bandera Roja Damnificados Heridos Fallecidos Pérdidas Econémicas
- - '- .
188,9k - 192,9% 111,7k-1144k  [¥27k-28,2k | 40,7k-438k  221,2k-2372k 5 4k - 5,9k 1,5k -1,6k $4,7k-$5,0k
Edificaciones Edificaciones Edificaciones Edificaciones Personas Parsonas Personas Millones
DISTRIBUCION DE EDIFICACIONES COLAPSADAS DISTRIBUCION MEDIA ESTIMADA DE PERDIDAS ECONOMICAS (en millones de $)

Agua Blanca 3, ' ] ; Pérdidas Econémicas por Distritos Pérdidas Econémicas por Municipios

SAN SALVADOR $1.1k
Leyenda
USULUTAN
$390,0 $
. 3138
P Riesgo al Colapso [Edificios colapsados] SOVAPANGO - 52554 $236,3
. B
MUY AITO[>5] COLOM
Ay USULUTAN LA
& \irtud ESTE LIBERTAD
ALTO[2-5] ™ SAN JUAN OPICO -51a1,5 SAN SAN OESTE LA
- SALVADOR SALVADOR LIBERTAD
! CENTRD ESTE CENTRO
. MODERADO [1-2] SANTATECLA -5 155,7
. LEVE[0-1] ] ANTIGUO CUSCATLAN -5 141 Pérdidas Econémicas por Departamentos
™) NOEXISTE JQUILISCO .$ 110
$ 1.5k
SAN LUIS TALPA .s 101,9
: $1,1k
ILOPANGO . §815 $661,0
4954
LA LIBERTAD . $78,1 —
LA LA
CIUDAD ARCE $748 SAN LIBERTAD  \ysyuman PAZ SONSCMATE
SALVADOR

Amapala
La métrica de Pérdidas Econémicas estima el costo total esperado de dafios materiales y la interrupcicn de actividades comerciales

debido a un terremoto. Este analisis combina la exposicion econémica (valor de los actives expuestos), la vulnerabilidad de los actives
frente al movimiento del terreno y las consecuencias econémicas esperadas de los diferentes niveles de daiio estructural.

Map data © OpenStreetMap contributors, Microsoft, Facebook, Inc. and its affiliates, Esri Community Maps contributors, Map layer by Esri Powered by =3
Dafios por Colapsos 7 MM PGA PGV PSA (0.3 seg) PSA 1.0 seg) PSA 3.0 seg) Indice de Colapsos Fallecidos Heridos Damnificados Pérdidas Econémicas $ 7



N RAPID LOSS ESTIMATION AND COLLAPSES: Construction

of an Automated Dashboard (3)

:‘é‘: M a p a d e R | esgo a | COI a pSO Poblacion m Edificios Edificios Edificios Edificios -Hi Edificios Edificios ﬁ Efs:csm —_—
Teant ! (Bill. USD)
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INVENTARIO NACIONAL EXPUESTO :
Capital
62

- - - Residenciales Comerciales Educativos Indusiriales de Salud de Gobiemo
Area de Sismologia - Observatorio de Amenazas y Recursos Maturales millonas

2.2 millones 195 mi 31 mil H |- LT1L e gz mis
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PARALLEL ACTIVITIES RELATED TO SEISMIC RISK IN EL
SALVADOR

1. Seismic Risk Commission with
Civil Protection :

2. Permanent Commission of the
Salvadoran Building Code

3. National Report on the State of
Risk and Vulnerability

4. Platform of results of seismic
hazard and design spectra of El
Salvador
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» At present, the PSHA model suggests that seismic hazard in El Salvador can be as high as a PGA with a 10% probability of
exceedance in 50 years of 0.50 g in the heavily urbanized departments of the Metropolitan Area of San Salvador, and over

o, )
SS1mmoo I

0.60 g close to active shallow faults.

» A total of 2 million structures have been identified a classified into 156 building classes, with a total economic value of
around 200 billion USD and 6.2 million occupants.

» The national average annual economic loss ratio or AALR for El Salvador was estimated as 0.35%, and the average annual
human loss ratio or AAFR is 1.8 fatalities per 100,000 inhabitants. This level of relative risk at a national level is higher than

the one proposed in previous studies.

» The above outcome can be attributed to the inclusion of vulnerable building portfolios not considered in previous studies,
like the educational facilities of El Salvador, which have been found to have significant physical vulnerability to ground

shaking.

» Within the context of the FORCE project, MARN will continue working in collaboration with the University of El Salvador
and the GEM Foundation to use the national seismic risk model to generate earthquake risk profiles that can support the

ongoing risk management efforts in public institutions.

2 N A O @ K

Society of America




s§.SgA. LUNA [\ & @ IASPE|

Society of America Acagemia Nacianal de Clencias inbernational Asseciatien sf

KINEMETRICS
Gosta Riea and Physics of the Larth's interior Achancemant through in




	ASSESSING SEISMIC RISK FOR EFFECTIVE DISASTER MANAGEMENT AT AN URBAN SCALE IN EL SALVADOR
	Slide Number 2
	Slide Number 3
	EL SALVADOR: Has suffered significant earthquakes in the past
	SEISMIC HAZARD: Seismic source characterization for modeling
	SEISMIC HAZARD: Regionalization of seismic catalogue according tectonic and rupture mechanisms
	SEISMIC HAZARD: Seismic source characterization for modeling: geological faults + grid sources
	SEISMIC HAZARD: Seismic source characterization for modeling: subduction zone
	SEISMIC HAZARD: Ground motion characterization using local records
	SEISMIC HAZARD: Seismic hazard map on rock and disaggregation charts for some return periods
	SITE CHARACTERIZATION: Using proxy Vs30 map and amplification functions for site classes
	EXPOSURE MODEL FOR EL SALVADOR: Creation of infrastructure exposure
	EXPOSURE MODEL FOR EL SALVADOR: Data used as input for the exposure characterization
	EXPOSURE MODEL FOR EL SALVADOR: Flowchart for data collection
	EXPOSURE MODEL FOR EL SALVADOR: Main building classes identified with their structural attributes
	EXPOSURE MODEL FOR EL SALVADOR: Photographs of some buildings typologies found in the country
	Slide Number 17
	EXPOSURE MODEL FOR EL SALVADOR: Summary of national exposure model at department level
	EXPOSURE MODEL FOR EL SALVADOR: Summary of the national exposure model at municipal and city level (1)
	EXPOSURE MODEL FOR EL SALVADOR: Summary of the national exposure model at municipal and city level (2)
	EXPOSURE MODEL FOR EL SALVADOR: Building classes distribution and Exposure to the seismic hazard
	VULNERABILITY MODEL: Global Earthquake Model vulnerability functions and local fragility curves
	Slide Number 23
	VULNERABILITY MODEL: Some discrepancies were found. Assignment of weights to capture joint probability
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	VULNERABILITY MODEL: Vulnerability functions used for the estimation of economic and human loss ratios
	PROBABILISTIC SEISMIC RISK ASSESSMENT: Average annual economic loss and fatalities ratios  
	PROBABILISTIC SEISMIC RISK ASSESSMENT: Loss exceedance curves for the National Building Portfolio
	PROBABILISTIC SEISMIC RISK ASSESSMENT: Future Risk Mitigation and Management Profile
	DETERMINISTIC SEISMIC RISK ASSESSMENT: Preparation of Historical Seismic Scenarios occurred in El Salvador
	DETERMINISTIC SEISMIC RISK ASSESSMENT: Risk profiles for emergency preparedness and response
	RAPID LOSS ESTIMATION AND COLLAPSES: Construction of an Automated Dashboard. Processing method
	RAPID LOSS ESTIMATION AND COLLAPSES: Construction of an Automated Dashboard (1)
	RAPID LOSS ESTIMATION AND COLLAPSES: Construction of an Automated Dashboard (2)
	RAPID LOSS ESTIMATION AND COLLAPSES: Construction of an Automated Dashboard (3)
	PARALLEL ACTIVITIES RELATED TO SEISMIC RISK IN EL SALVADOR
	CONCLUSIONS AND REMARKS
	THANKS FOR YOUR ATTENTION

