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Abstract: For effective earthquake risk reduction, an accurate representation of seismic risk
is needed. Thus, assessments of seismic vulnerability–an important component of seismic
risk–need to be reliable. Central America is a highly seismically active region with a history of
large physical and economic losses from earthquake events, however literature concerning
the seismic vulnerability of buildings in the region is scarce. To address this gap we have
completed an extensive search for and review of documentation reporting seismic
vulnerability assessments in the region, collated it into a database, developed and applied a
framework for appraising the document quality, and compared the different results. The study
concludes that Central American seismic vulnerability assessments are few in number and
are not easily available, and that the assessment methodologies used are poorly described,
simplistic, and aged and produce vulnerability estimations that vary widely, impacting
significantly on loss estimations. Ultimately, this paper highlights the need for an improved
understanding of the seismic vulnerability of buildings in Central America.
Background
As aspirations shift from disaster response to resilience (Twigg 2004; Wisner 2004) it is
increasingly important that evidence used to inform earthquake risk reduction strategies is
competent. However, seismic risk calculations are complex and imperfect (D’Ayala &
Meslem 2012) due to uncertainty in the three constituent parts: (1) seismic hazard, (2) the
extent of the built environment exposed to the hazard, and (3) the structural vulnerability of
exposed buildings. In particular, accurate assessment of structural vulnerability is vital, as
variation impacts profoundly on overall loss estimations (Erduran et al. 2010; Rashmin
Gunasekera, pers. comm., November 11, 2014).
Numerous seismic vulnerability assessment (SVA) methodologies have been developed over
recent years (Calvi et al. 2006; Scawthorn 2008), drawing on empirical, analytical, expert
judgement, or hybrid approaches, each with their own advantages and limitations (D'Ayala
and Meslem 2012; Kwon and Elnashai 2006; Porter 2003; Rossetto et al. 2013; Rossetto et
al. 2014). These methods range in complexity, inputs required, and calculation techniques,
and thus they achieve differing levels of accuracy. Generally, methods aim to balance the
demand for simple and usable methodologies, with the need for accuracy.
Central America is particularly vulnerable to earthquakes (Coburn and Spence 2002), with
low levels of development (Bilham 2012), substantial seismic hazards (Benito et al. 2012),
and prolific low- or non-engineered construction (Holliday 2009; Papanikolaou and Taucer
2004; Rodriguez and Blondet 2004; Verbicaro et al. 2009). Despite this, there is little formally
published about regional seismic vulnerability: for instance, there are no Central American
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entries in the newly published Global Earthquake Model (GEM) analytical and empirical
functions compendia (D'Ayala and Meslem 2012; Rossetto et al. 2013).
This article gives an overview of existing SVAs for the Central American isthmus, which
includes Guatemala, Honduras, El Salvador, Costa Rica, Nicaragua, and Panama.
Information has been collated from all available sources on the SVA methodologies used, the
underlying approaches, and the results achieved. The spread of results for the same PAGER
(Prompt Assessment or Global Earthquakes for Response) building typologies is then
investigated, followed by a simple examination of the level of impact that different
vulnerability information has on loss estimations, using the Central American findings as a
case study.
Central American Seismic Vulnerability Assessment Documents
In the absence of published literature on SVAs for Central America, a wide variety of sources
were used to gather information, including project reports, government reports, presentation
slides, masters and doctoral theses, meeting minutes, conversations, presentation and
workshop notes, and email correspondence. In total, around two hundred items were
reviewed and thirty-four specifically documented seismic vulnerability assessments. In
general, documents were difficult to find (sometimes impossible) and reasons for this may
include unavailable, inaccessible, or inefficient mechanisms to publish this type of work; or a
lack of incentive or will to share work publically, perhaps due to challenges with intellectual
property, political or social motivations; or simply because the work was completed for
practical use without thought of dissemination.
The document quality was considered carefully, due to the nature of the sources used. An
assessment framework was developed based on Scott’s four principles (Bryman 2008; Scott
1990): representativeness, meaning, authenticity, and credibility. Representativeness
assesses whether the document is typical in the body of available documents and in this
study is considered to be negligible, as the full body of available documents are used and the
scope of unobtainable documents is not known. Meaning concerns potential sources of
influence or distortion (both conscious and sub-conscious) to a document and is difficult to
measure without a much deeper contextual understanding and analysis of the body of
documents, so for this study we have assumed that any influences are negligible. The
authenticity of a document can be affected by alterations of documents or information, which
may be more commonplace in countries that lack strong governance and respected
institutional expectations, or where there are persons who have the motivation and ability to
falsify information. Platt (1981) suggests that to check authenticity close scrutiny should be
paid to instances such as: lack of coherence or sense; obvious errors; internal
inconsistencies in style, formatting or content; or multiple versions of the same document
being available. The authenticity will be assessed, as will a document’s credibility, which
concerns possible error, distortion, and/or bias in the information.
Thus, a framework to assess the credibility and authenticity, and hence the document quality
has been developed (see Table 1), and in order to reduce subjectivity, clear attributes have
been defined for each scoring level. An average is used for the overall quality score. Of those
documents assessed, 50% were of ‘moderate’ credibility and just less than 30% were judged
to be of ‘moderate’ authenticity. The remainder were all scored as ‘high’.
All of the information retrieved has been compiled into a database, with details of the source
document, the building typologies studied (all typologies have been translated into PAGER
typologies (Porter et al. 2008)), the country of the study, results achieved, methodological
information, and the ratings of document quality using the framework proposed herein.
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From the information gathered, eleven different methodologies were identified, with
information on each summarised in Table 2. The methodologies range in intended
geographical usage, required inputs, underlying approaches, and age, but all have been
applied in Central America.
Table 1 - Document quality scoring framework
Low

Moderate

Lack of overall coherence

Consistent formatting and style

Authenticity

Inconsistencies in formatting and
style
More than one version of the
same document available
Document not verified through
triangulation

Document obtained from other
credible source
Secondary information

Credibility

Lesser reputable publisher, e.g.
conference, independent

Documents authored by
government engineer
Moderately reputable publisher,
e.g. local agency, university
Between 5 and 25 years old

Over 25 years old
Errors found during review
Inadequate information given
about how methodology was
applied

Only one version of the same
document available
Document verified through
triangulation
Document obtained from the
publisher directly

Document obtained from an
unreliable source
Document authored by a lesser
expert, e.g. students

High
Overall coherence

Minor errors found during
review
Some information missing about
how methodology was applied
Not written in the country

Primary information
Document authored by experts
e.g. consultant, academic
Unquestionable author or
publisher, e.g. government,
consultancy, academic journal,
international organisation
Less than 5 years old
Errors not found during review
All information given about how
methodology was applied
Authored from within the country

Comparison studies
Two main comparison studies have been undertaken to investigate (1) the range in results
from Central America SVAs, and (2) the effects that this range has on overall seismic loss
estimations.
Firstly, comparisons have been made between results for the same building typologies in
order to investigate the spread of results available. This required the translation of building
classifications into PAGER building classes (see Stone (2014) for more information on the
translation) and the transposing of curves to a common intensity measure, which required
the assumptions of a common fundamental period (0.2s) and a maximum spectral
acceleration/peak ground acceleration ratio (2.5), and the use of MMI-PGA relationships
(Linkimer 2007; Sauter and Shah 1978). The results for each PAGER building type were
then plotted, and the standard deviation calculated (see Figure 1 for an example).
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Throughout the region (ERN
2012; ERN 2010; ERN 2009a;
ERN 2009c; ERN 2009b)

Honduras & Santa Tecla,
El Salvador (Guardiola 2010;
Lopez 2011)

Empirical

Analytical
Analytical (Cattari et al.
2004; FEMA 2010;
Geneturk et al. 2007;
Kappos and Panagopoulos
2008; Mouroux et al. 2004;
Singh et al. 2009)
Hybrid

Empirical

Not clear, likely to be expert
judgement

Building typology; quality of
design, construction and
materials
GDP; population data
Structural typology; elevation
geometry, lateral deformation
type, fundamental period,
ductility, age

Building typology

Building typology; code level
(referring to US codes); number of
storeys or building height
Structural system; geometry;
materials used; state of
conservation; non-structural
elements
Geometry; structural defects;
current state of the structure
age; non-structural elements.
3D lumped-plasticity structural
model

Building typology

Earthquake Lethality
Estimation Method (ELEM)
(GeoHazards International
2001)

Chan et al. (1998)

ERN/Miranda (1999)

RESIS II
(Lang et al. 2009a)

Hazard-US (HAZUS)
(FEMA 2010)

Italian Vulnerability Index
Method (IVIM) (Benedetti
and Petrini 1984)

Lang et al. (2009b)
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Iervolino et al. (2007)

Sauter and Shah (1978)

More complex and timeconsuming, deals well with
uncertainty

Single school building in
Guatemala (Verbicaro et al.
2009)
Turrialba, Costa Rica (Lamadrid
2002)

Analytical
Empirical (Haresh Shah,
personal communication,
November 24, 2014)

3

Aged empirical data,
method unclear

RC and masonry schools
and hospitals; outputs not
quantitative

Masonry only, derived for
Italian buildings.

For US buildings typologies

Not derived for Central
America, different authors,
assumptions and
associated uncertainties
between building
typologies

2

Nicaragua (Reyes et al. 2003;
Ugarte et al. 2004).

El Salvador (Castellanos 2011)

Aged empirical data, global
application

Each Central American country
(Yong et al. 2002)

Explanations of methods
methodology not clear and
incomplete

Derivation information not
obtainable (Brian Tucker,
personal communication,
July 30, 2014)

San José, Costa Rica (Salas
2003)

Good for data poor
contexts; developed for
European use

1

Central America (Lang et al.
2009b)

The judgement of a global
group of experts

Not clear, but includes some
global empirical data

Guatemala (Villagrán De Leon
2008)

Building typology

More recent version of
FEMA (1988a) available
with significant updates

Guatemala City (FarfánMendoza and Díaz Beteta 2009;
Pérez-Pérez 2005; Rivas and
Vásquez-Rubio 2008)

European Macro-seismic
Scale (EMS-98)
(Grunthal et al. 1998)

Expert judgement

Building typology; observable
structural defects; soil type;
building height

Comments

Applications

Jerez (2001):
based on FEMA (1988a) &
FEMA (1988b)

Approach

Inputs

Method
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Table 2 - Information on methods used in Central American SVAs
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Table 3 summarises the maximum standard deviation calculated for each building typology
for which more than ten curves were obtained. The highest variation in results is observed for
timber structures, followed by reinforced masonry, but large variations are observed over all
building types, often at lower-middle range earthquake intensities. It is important to note that
the variance has been calculated using all of the results found; any clear outliers have not
been excluded and thus may unduly influence the standard deviation.
Some spread in results should be expected due to natural variation within building classes,
and between Central American countries, however undoubtedly the differences between
SVA methodologies used plays a large part in the range of results achieved. Hence, the
second comparison study examines the impact of using different SVA methodologies on loss
estimations.

Compilation of fragility functions for UCB
1
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Figure 1 - Compilation of fragility functions for PAGER typology UCB
Table 3 - The variations between Central American SVA results for different PAGER typologies
PAGER
typology
A
C1
RM
UCB
UFB
W

Number of curves
16
14
18
18
10
14

Maximum standard deviation of all
curves
0.344 at 350 gals
0.312 at 850 gals
0.417 at 1100 gals
0.394 at 450 gals
0.382 at 450 gals
0.421 at 450 gals

Vulnerability results achieved using the eleven different SVA methodologies (see Table 2)
were used alongside static exposure (see Table 4) and hazard components (see Table 5), to
calculate the seismic losses for three scenario earthquakes. The exposure profile was
modelled on simplified building typology data for Panamá: for simplicity the total number of
5
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Table 4 - Exposure details for scenario comparison study
PAGER building
class

Proportion of
building
stock

Total
buildings

Average floor
size of
2
building (m )

Average
replacement
value
2
(US$/m )

UCB
C3
W
A

69%
7%
20%
4%

1 000 000

75

335.5

Table 5 - Intensity measures for the three scenario earthquakes in Panamá City. PGA and Sa values
from Benito et al. (2012), MMI values derived from Linkimer (2007) and Sauter and Shah (1978)
Scenario no.
Return period (years)
PGA (g)
2
PGA (m/s )
MMI
PGA (gals)
Sa (T=0.2s) (gals)

1
500
0.26
2.52
VII
252
504

2
1000
0.32
3.15
VIII
315
637

3
2500
0.422
4.14
IX
414
858

buildings in the study area was assumed to be one million, with the financial values assumed
to be consistent between building classes.
A number of interesting observations can be made from the results (see Figure 2), which are
normalised to aid comparison. Firstly, methodologies specifically developed for, or applied to,
Central American cases (e.g. Jerez (2001), ERN/Miranda (1999), RESIS II) have estimated
the highest losses. This may add weight to the common assumption that Central American
buildings are, in general, more vulnerable than those found in Europe or the US (for which
most of the other methods are devised). Secondly, the variation between results is largest for
the smallest scenario earthquake and smallest for the largest earthquake, which suggests
more agreement between SVA methodologies at higher earthquake intensities. This would
be expected after consideration of Figure 2 and Table 3. Thirdly, as the average loss
estimations from each methodology increases, the variation between results for the different
scenario earthquakes reduces, as may be expected for SVA results that follow lognormal or
other similar distributions. Finally, the differences in loss estimations range up to a factor of
6.8, which is substantial.
In summary, existing SVA results for Central America vary substantially for all building
typologies studied and may be caused by natural and methodological variations. Moreover,
the selection of vulnerability information has been shown to result in significant impact on the
total loss estimations–in the worst case, up to 6.8 times. This scale of uncertainty may put
the usefulness and credibility of simplistic loss assessments in jeopardy.
Conclusions
This paper has reported the results of a search for and investigation into Central American
SVAs. Some considerable questions on existing SVAs for Central America have been raised.
Firstly, assessments for the region are poorly documented, hard to obtain, few in number,
and lacked completeness. The quality of the documents obtained has been assessed using a
novel framework, and, in this case, all are rated as high or moderate.
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Figure 2 – Normalised loss results for vulnerability calculated using different methodologies

The range in fragility functions used in different Central America risk assessments is large
and is likely to be due to natural factors, such as actual variation in building classes, but also
due to differences in the SVA methodologies used, which are fairly simplistic and aged, and
are often derived for buildings in countries outside of the region. The largest variation in
functions was found for timber structures, however all typologies had high variations.
In addition, the variation in fragility results was shown to propagate into large differences (up
to 6.8 times) in loss estimations. Central American specific methods or applications of
methods exhibited the highest loss results, perhaps indicating that Central American building
typologies are more vulnerable than those in regions for which the other methods were
derived (Europe and the USA).
Ultimately, this work has shown that seismic vulnerability assessments for Central America
are lacking, and that further and more accurate assessments of the region’s existing building
types are needed to get a better idea of seismic risk, and hence instigate more effective
earthquake risk reduction initiatives.
REFERENCES
Benedetti D, Petrini V (1984) Sulla vulnerabilita sismica di edifici in muratura: un metodo di
valutazione: A method for evaluating the seismic vulnerability of masonry buildings, L'industria delle
Costruzioni, 149: 66-74
Benito MB, Lindholm C, Camacho E, Climent A, Marroquín G, Molina E, Rojas W, Escobar JJ,
Talavera E, Alvarado GE, Torres Y (2012) A New Evaluation of Seismic Hazard for the Central
America Region, Bulletin of the Seismological Society of America, 102(2): 504-523
Bilham R, (2013) Societal and observational problems in earthquake risk assessments and their
delivery to those most at risk, Tectonophysics, 584(C):166–173

7

1

2

3

Harriette STONE , Dina D”AYALA , Rashmin GUNASEKERA and Oscar ISHIZAWA

4

Bryman A (2008) Social Research Methods, 3rd Ed., Oxford University Press, Oxford
Calvi GM, Pinho R, Magenes G, Bommer JJ, Restrepo-Vélez LF, Crowley H (2006) Development of
seismic vulnerability assessment methodologies over the past 30 years, ISET Journal of Earthquake
Technology, 43(3): 75-104
Castellanos RA (2011) Informe Final Generacion De Curvas De Vulnerabilidad Sísmica, Programa
Nacional de Reducción de Riesgos, San José
Cattari S, Curti E, Giovinazzi S, Lagomarsino S, Parodi S (2004) Un modello meccanico per l’analisi di
vulnerabilità del costruito in muratura a scala urbana, Proceedings of the XI Congresso Nazionale
“L’ingegneria Sismica in Italia, Genova
Chan LS, Chen Y, Chen Q, Chen L, Liu J, Dong W, Shah H (1998) Assessment of Global Seismic
Loss Based on Macroeconomic Indicators, Nat Hazards, 17: 269–283
Coburn A, Spence RJS (2002) Earthquake Protection, John Wiley & Sons, Chichester
D'Ayala D, Meslem A (2012) Guide for Selection of Existing Analytical Fragility Curves and
Compilation of the Database, GEM Foundation, Pavia
D'Ayala D, Meslem A, Vamvatsikos D, Porter K, Rossetto T, Crowley H, Silva V (2013) Guidelines for
Analytical Vulnerability Assessment, GEM Foundation, Pavia
Erduran E, Crempien J, Lang DH, Lindholm CD, Molina S (2010) Sensitivity of Earthquake Risk
Models to Uncertainties in Hazard, Exposure and Vulnerability Models, Proceedings of 14th European
Conference on Earthquake Engineering, Ohrid
ERN (2012) Caracterización Local de la Vulnerabilidad de Edificiones - Costa Rica, ERN, Mexico City
ERN (2009a) Componentes Principales del Análysis de Riesgo, ERN, Mexico City
ERN (2009b) Libreria Funciones de Vulnerabilidad, ERN, Mexico City
ERN (2009c) Vulnerabilidad de Edificaciones e Infrastructura: Nicaragua, ERN, Mexico City
ERN (2010) Seismic Risk Assessment of Schools in the Andean Region in South America and Central
America, ERN, Mexico City
Farfán-Mendoza JC, Díaz Beteta EA (2009) Estudio de Vulnerabilidad Sísmica Estructural en un
Sector de la Zona 12 de la Ciudad de Guatemala, M.Sc. Thesis, Universidad de San Carlos de
Guatemala, Guatemala
FEMA (2010) HAZUS-MH MR5 Technical Manual, FEMA, Redwood City
Geneturk B, Elnashai A, Song J (2007) Fragility Relationships for Populations of Buildings Based on
Inelastic Response, Mid-America Earthquake Center, Urbana
GeoHazards International (2001) Global Earthquake Safety Initiative (GESI), UN Centre for Regional
Development, San Francisco
Grunthal G, Musson R, Schwarz J, Stucchi M (1998) European Macroseismic Scale 1998, European
Seismological Commission, Luxembourg
Guardiola LC (2010) Evaluacion del Riesgo Sísmico en el Distrito Central, Honduras, PNUD Honduras,
Tegucigalpa
Holliday L (2009) Seismic Vulnerability of Residential Structures in Nicaragua. Ph.D. Thesis,
University of Oklahoma, USA
Kappos AJ, Panagopoulos G (2008) Providing building data in support of PAGER: Final technical

8

1

2

3

Harriette STONE , Dina D”AYALA , Rashmin GUNASEKERA and Oscar ISHIZAWA

4

report for Phase II, EERI, Oakland
Kwon O-S, Elnashai A (2006) The effect of material and ground motion uncertainty on the seismic
vulnerability curves of RC structure, Engineering Structures, 28(2): 289–303
Lamadrid RG (2002) Seismic hazard and vulnerability assessment in Turrialba, Costa Rica, M.Sc.
Thesis, International Institute for Geo-Information Science and Earth Observation, The Netherlands
Lang DH, Molina S, Crempien J, Erduran E (2009a) Earthquake Risk Reduction in Guatemala, El
Salvador, and Nicaragua with Regional Cooperation to Honduras, Costa Rica, and Panama: Mapping
of Typical Buildings, NORSAR, Kjeller
Lang DH, Verbicaro MI, Singh Y, Prasad J, Wong-Diaz D, Gutierrez M (2009b) Structural and Nonstructural Seismic Vulnerability Assessment for Schools and Hospitals based on Questionnaire
Surveys: Case Studies in Central America and India, NORSAR, Kjeller
Linkimer L (2007) Relationship between peak ground acceleration and Modified Mercalli intensity in
Costa Rica, Revista Geológica de América Central, 38: 81-94
Lopez M (2011) Proyecto de Reducción de Riesgo Sísmico en el municipio de Santa Tecla, El
Salvador (RESIS II), Ministerio de Medio Ambiente y Recursos Naturales, San Salvador
Miranda E (1999) Approximate seismic lateral deformation demands in multistory buildings, Journal of
Structural Engineering, 125(4): 417-425
Mouroux P, Bertrand E, Bour M, Le Brun B, Depinois S, Masure P, Risk-UE Team (2004) The
European Risk-UE project: an advanced approach to earthquake risk scenarios, Proceedings of the
13th World Conference on Earthquake Engineering, Vancouver
Papanikolaou A, Taucer F (2004) Review of Non-Engineered Houses in Latin America with Reference
to Building Practices and Self- Construction Projects, Institute for the Protection and Security of the
Citizen and European Laboratory for Structural Assessment, Ispra
Pérez-Pérez EF (2005) Análisis de la vulnerabilidad sísmica estructural del Barrio San Antonio en la
zona 6 de la Ciudad de Guatemala, M.Sc. Thesis, Universidad de San Carlos de Guatemala,
Guatemala
Platt J (1981) Evidence and Proof in Documentary Research: 1: Some Specific Problems of
Documentary Research, The Sociological Review, 29(1): 31-52
Porter KA (2003) Seismic Vulnerability, In Chen WF, Scawthorn C (ed) Earthquake Engineering
Handbook, CRC Press LLC, Boca Raton
Porter KA, Jaiswal KS, Wald DJ, Greene M, Comartin C (2008) WHE-PAGER Project: A New Initiative
in Estimating Global Building Inventory and its Seismic Vulnerability, Proceedings of the 14th
Conference on Earthquake Engineering, Beijing
Reyes N, Sarria A, Maltez J (2003) Metodología para la Determinación dela Vulnerabilidad Sismica en
Edificaciones, UNI-SAREC, Managua
Rivas C, Vásquez-Rubio EB (2008) Estudio de Vulnerabilidad Sísmica Estructural en un Sector de la
Zona 7, de la Ciudad de Guatemala, M.Sc. Thesis, Universidad de San Carlos de Guatemala,
Guatemala
Rodriguez ME, Blondet M (2004) Evaluation of Housing Losses in Recent Earthquakes in Latin
America, Proceedings of the 13th World Conference on Earthquake Engineering, Vancouver
Rossetto T, D’Ayala DF, Ioannou I, Meslem A (2014) Evaluation of existing fragility functions. In
Pitilakis K, Crowley H, Kaynia A (ed) SYNER-G: Typology Definition and Fragility Functions for
Physical Elements at Seismic Risk, Springer, Netherlands

9

1

2

3

Harriette STONE , Dina D”AYALA , Rashmin GUNASEKERA and Oscar ISHIZAWA

4

Rossetto T, Ioannou I, Grant DN (2013) Existing Empirical Fragility and Vulnerability Relationships:
Compendium and Guide for Selection, GEM Foundation, Pavia
Salas LA (2003) Evaluación del Riesgo Sísmo en recidencias del Área Metropolitana de San José en
functión de pérdidas de vidas humanas, M.Sc. Thesis, Universidad de Costa Rica, San José
Sauter F, Shah HC (1978) Studies on earthquake insurance, Proceedings of the Central American
Conference on Earthquake Engineering, San José
Scawthorn C (2008) A Brief History of Seismic Risk Assessment, In Bostrom A, French S, Gottlieb S
(ed) Risk, Assessment, Modeling and Decision Support, Springer, Berlin
Scott J (1990) A matter of record: documentary sources in social research, Polity Press, Cambridge
Singh Y, Prasad J, Lang DH, Deoliya R (2009) Development of Seismic Capacity Curves for Claybrick
Buildings in India, EERI, Oakland
Stone H (2014) A Review of Central American Seismic Vulnerability Assessments, M.Res. Thesis,
University College London, London
Twigg J (2004) Disaster Risk Reduction, Overseas Development Institute, London
Ugarte A, Bernardo A, Darce M, Moore FA, Traña M, Parrales R, Amador A, Reyes N (2004) Estudio
de la Vulnerabilidad y Riesgo Sísmico de la Ciudad de León, European Commission Humanitarian Aid
Office, Managua
Verbicaro MI, Polese M, Verderame GM, Manfredi G, Lang DH (2009) Development of structural
vulnerability functions for schools and hospitals in Central American countries, Proceedings of ANIDIS,
Bologna
Villagrán De Leon JC (2008) Riesgo sísmico en el sector vivienda de Guatemala: un análisis de
tendencias, CIMDEN-VILLATEK, Guatemala City
Wisner B (2004) Towards a safer environment. In Wisner B (ed) At risk: natural hazards, people's
vulnerability and disasters, Routledge, London
Yong C, Ling C, Güendel F, Kulhánek O, Juan L (2002) Seismic Hazard and Loss Estimation for
Central America, Nat Hazards, 25: 161–175.

10

