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ABSTRACT

The M7.0 earthquake in Haiti in 2010 was one of the most devastating in recorded history.
Originally thought to have occurred along the Enriquillo-Plantain Garden Fault (EPGF), geologic,
geodedic and seismologic studies following the earthquake have identified that the earthquake
source was actually on the Leogane plain. This observation is a sobering one, as it signifies that
the expected “Port-au-Prince earthquake”, linked with the rupture of the Enriquillo-Plantain
Garden Fault, is still very much expected. While this is known, the geological evidence by itself
has generated little traction for promoting risk reduction actions in the reconstruction of the city,
nor in municipal planning in general. This paper therefore develops a realistic scenario of damages
in the event of the rupture of the EPGF. Based on a M 7.0 rupture scenario of the EPGF, simulated
spatially correlated ground-motion intensity fields are generated, and used in turn to simulate
damages. The exposure model and fragility of buildings are analyzed based on the damage
assessment of 400,000 buildings evaluated by the Haitian Ministry of Public Works following the
2010 earthquake. Since real data forms the basis for both fragility and exposure models, this
scenario provides a very realistic example of potential damages caused by the expected “Port-au-
Prince earthquake.”

Introduction

The M7.0 earthquake in Haiti in 2010 was one of the most devastating in recorded history. Due
to its proximity to Port-au-Prince and the extreme vulnerability of buildings, the earthquake led
to the death of 150,000-220,000 people. Yet the so-called “Port-au-Prince earthquake” should
more aptly be named “Leogane earthquake,” as evidence suggests that the Port-au-Prince
earthquake has not yet occurred. Indeed geologic, geodedic and seismologic studies have shown
that the 2010 earthquake occurred along a blind thrust fault in the Leogane plain, not along the
Enriquillo-Plantain Garden Fault (EPGF) where it was expected [1-4]. Field-work conducted by
USGS in 2010 and 2012 has further provided clear evidence that the EPGF did not participate in
the 2010 rupture (hence no or little energy was released in that system), yet that it has
experienced significant and repeated surface ruptures in the recent geological past [5, 6].

This geological and paleoseismic evidence provides a sobering counter-argument to the general
belief that the region can confidently look forward to a period of earthquake tranquility in the
coming decades. In fact, Port-au-Prince was destroyed by an earthquake in 1751, and destroyed
again by another in 1770. This clustering of earthquakes is not unusual, and some have suggested
that the 2010 earthquake could mark the beginning of a new cycle of seismic activity on the
Enriquillo fault system [12]. Extending along the entire southern edge of Port-au-Prince, the
expected rupture of the Enriquillo-Plantain Garden Fault has the potential to generate significant
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earthquakes, causing damage comparable, and possibly much worse, than that resulting from the
2010 earthquake. However, the author’s experience from two years of work in Haiti following
the 2010 earthquake suggests that this extreme risk is not part of the awareness of the decision-
makers (local and international) nor the general public in Haiti. This study describes the potential
impact of the expected rupture of the EPGF, to serve as additional evidence and advocacy for
earthquake risk reduction in Port-au-Prince.

Scenario Earthquake and Hazard Model

The rupture scenario used in this study is based on and consistent with field studies conducted by
the United States Geological Survey (USGS) in 2010 and 2012 in collaboration with the Haitian
Bureau of Mines and Energy. These field studies yielded two main observations. First, that the
2010 rupture occurred along a blind thrust fault beneath the Leogane plain, with little to no
rupture of the EPGF. This observation was corroborated by several other studies [2, 7]. The
second is that the EPGF has undergone large and repeated ruptures in its recent geologic past.

This sets the premise for a scenario earthquake of M7.0 caused by the rupture of a 40km segment
of the EPGF. This scenario is of course hypothetical, but nonetheless realistic and plausible
given the current knowledge of the EPGF and its seismic history.
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Figure 1. Trace of the hypothetical rufe of a 40km segen of the Enriquillo-Plantain
Garden Fault. (Image from Google Earth, 2014 DigitalGlobe)

From this source model, ground-motion intensity fields for Peak Ground Acceleration are
generated using the Boore-Atkinson 2008 ground motion prediction model [8]. For every

simulation, PGA values are simulated at every site such that sites close to each other have
correlated intensity which decays with distance, according to the spatial correlation model
developed by Jayaram and Baker [9].
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Figure 2. Examples of spatially correlated earthquake ground-motion intensity fields necessary



to compute risk at the urban or regional scale.
Building Inventory & Fragility Model

The exposure model used in this study is based on the building inventory collected by the Haitian
Ministry of Public Works as part of the post-disaster building damage assessment [10]. This
inventory includes all buildings in Port-au-Prince metropolitan area as well as neighboring cities,
totaling over 400,000 buildings categorized by structural type, wall type, number of floors and
other relevant attributes. This same inventory is used to develop the earthquake fragility models
for buildings. In this case-study, the metric of interest is the total number of buildings collapsed,
since this is most directly related to the number of fatalities. Two approaches are used to model
the collapse fragility of buildings. In the first, standard lognormal fragility curves are developed
for every structural type using the building damage assessment results as well as predicted
ground motion intensity developed for the 2010 fault rupture model [11]. In the second, a
multivariate generalized linear model is developed, which uses other building attributes such as
infill type, number of floors, and other attributes relevant for collapse. This maximizes the utility
of the damage survey data, reduces the uncertainty on the predicted results, and increases the
resolution of predicted damage. Based on the post-disaster field assessment, the model therefore
represents a very realistic representation of the actual building inventory and earthquake fragility
of buildings at the time of the 2010 earthquake. It is noted that this building inventory has
changed significantly since the earthquake occurred. In particular, approximately 30,000
buildings collapsed during the earthquake, and hence are no longer in this inventory. In addition,
many new buildings have been constructed in a large spontaneous urban expansion to the North
of the city. However the same inventory is used in order to make the results more directly
comparable.

Scenario Results

The figures below shows the distribution of collapsed buildings, comparing the real distribution
during the 2010 earthquake, with that predicted from the EPGF rupture scenario.
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Figure 3. Spatial distribution of buildings collapsed from (a) the actual 2010 earthquake, (b)
predicted based on the EPGF rupture scenario. (c) Probability distribution of number
of buildings collapsed from the EPGF rupture scenario (mean = 63,000 buildings),
compared with the actual 2010 earthquake (31,000 buildings).



Conclusion

While there is a general belief that the Port-au-Prince area can look forward to a period of
seismic quiescence following the 2010 earthquake, the existing geological, seismological and
historical evidence does not support this. However, as in many places around the world, the
hazard evidence by itself has received little traction for promoting risk reduction actions. Since
real data forms the basis for both fragility and exposure models, this scenario provides a very
realistic example of potential damages caused by the expected “Port-au-Prince earthquake.” The
scenario demonstrates that this event, linked with the rupture of the Enriquillo-Plantain Garden
Fault, has the potential to cause much more severe damage even then the 2010 “Leogane
earthquake.” Preliminary results are estimated at twice the number of buildings collapsed. The
hazard model is hypothetical and its impact has significant uncertainty (see distribution in Figure
3¢). But while this exact event will not actually occur, the scale/location of the earthquake and
the scale of the impact are plausible and consistent with existing knowledge of the seismicity,
exposure and vulnerability of the area. It is clear therefore that efforts should be intensified to
promote earthquake risk reduction in Port-au-Prince, both through the reconstruction process as
well as long term municipal planning.
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