
Introduction
At 4.53 pm local time on Tuesday, 12th January 2010, a
magnitude 7.0 earthquake struck the island of Hispaniola
in the Caribbean Sea, with an epicentre 25 km west of Port-
au-Prince, Haiti (USGS, 2010). Official estimates maintain
that around 230,000 people were killed (Associated Press,
2010), with a further 300,000 injured (Wooldridge, 2010).
In less than a minute, the event levelled approximately 20
percent of the buildings in greater Port-au-Prince and left a
million homeless (Eguchi et al., 2010). 

When hearing news of a disaster striking another part
of the globe, it is difficult to not feel a sense of
helplessness. Work and home commitments can inhibit any
direct action and physical access to the disaster zone – for
those who are able to go – is often limited, dangerous, or
both. One response might be to donate to those charities
requesting money or material to send, either before or after
a detailed assessment of the actual needs and aid
requirements of the affected people has taken place. It may
be assumed that states, working with the United Nations
and other non-governmental organizations (NGOs), lead
the relief effort and distribute aid as necessary, leaving any
direct involvement by the individual (at least in the critical
early stages) somewhat unlikely.

Geographical information plays a vital role in
mitigating the effects of any disaster, from identifying and
locating the most vulnerable to relocation and
reconstruction efforts. As one of the world’s poorest
countries, Haiti lacked comprehensive databases of assets,
infrastructure, population and location, and this situation
was compounded by a dearth of up-to-date, accurate maps
(even road maps and online maps), so that even the most
fundamental geographical resources were not available
(Zook et al., 2010). The democratization of geospatial
technology over the last few years, with, for example, the
removal of Selective Availability (SA) signal degradation
in GPS (global positioning system) in 2000 and the launch

of Google Earth in 2005, has not only offered a greater
sense of connection between people and place but has also
opened up new ways of direct involvement in disaster
relief – however remote that involvement may be.  

Immediately following the Haitian earthquake, an
unprecedented wave of volunteers from around the world
rallied to fill the critical gaps in geographical data,
working remotely to provide up-to-date maps and assess
the damage. This paper focuses on the GEO-CAN (Global
Earth Observation Catastrophe Assessment Network)
initiative coordinated by ImageCat (based in Long Beach,
California and Surrey, England) and EERI (Earthquake
Engineering Resource Institute), in which a team of over
600 expert volunteers from around the world collaborated
to assess damaged buildings. Specially released high-
resolution satellite and aerial imagery were analysed and
interpreted to create a GIS (geographical information
system) database of damaged buildings in and around
Port-au-Prince. The gathered information contributed to
the Building Damage Assessment Report in support of the
Post Disaster Needs Assessment (PDNA) and Recovery
Framework, as submitted by the World Bank and the
Global Facility for Disaster Reduction and Recovery
(working with the United Nations and the European
Commission), to the Haitian government on 3rd March
2010 (ImageCat and EERI, 2010).  

Harnessing the Power of the Image and
the Crowd
Remote sensing technology provides an opportunity to
monitor wide geographical areas, to observe inaccessible
places, and to reveal hidden characteristics by detecting
reflected or emitted energy at wavelengths beyond normal
human vision. These capabilities are particularly useful for
assessing the impact of disasters, and the ‘bigger picture’
from satellite or aerial imagery can often provide the first
holistic indication of physical conditions on the ground.  
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Abstract
One of the success stories to arise from the aftermath of the earthquake that struck Haiti on 12th
January 2010 was the major role that volunteered geographical data played in assessing the damage
and assisting many relief efforts. This paper provides some reflections on contributing to GEO-CAN
(Global Earth Observation Catastrophe Assessment Network), a coordinated initiative in which over
600 experts and 131 private and academic institutions representing 23 countries took part to assess
damaged buildings for the Haitian government using specially released satellite and aerial imagery. It
aims to illustrate how, through effective coordination, integration and dissemination with other
volunteered geographical data, the event became a milestone in disaster response and relief mitigation.



The strength of the GEO-CAN method lies in its
coordinated analysis of remotely sensed imagery. Its
approach is founded upon an earlier initiative that was
designed in response to an earthquake which struck
Wenchuan, China in 2008.  Using a prototype of Virtual
Disaster Viewer (VDV), an online portal developed by
ImageCat and supported by an international consortium of
earthquake experts from Europe and the USA, the study
area was divided into grid cells and allocated to remote
volunteers, who analysed pre- and post-event Quickbird

satellite imagery to classify damaged buildings according
to the European Macroseismic Scale 1998, or EMS-98
(Figure 1) (Bevington et al., 2010). 

Following the 2010 Haitian earthquake, the VDV
was customized to provide a grid of 2.5 km2 cells, and a
team of over 50 engineers, geoscientists and social
scientists (comprising ImageCat employees and a network
of volunteers familiar with the 2008 implementation) were
assembled (Bevington et al., 2010). Essentially, the
process involved three successive phases of damage
assessment, based on the interpretation of pre- and post-
disaster imagery. The first of these initially focused on
identifying collapsed buildings (Level 5 on the EMS-98) in
an area covering 133.75 km2 within the capital, Port-au-
Prince (ImageCat and EERI, 2010).  This used 50 cm
GeoEye-1 satellite imagery, which was collected on 13th
January and made publically available by Google, to
identify over 5,000 buildings in 48 hours (Bevington et al.,
2010). Figure 2 shows pre- and post-event imagery and the
pointers used to mark the damaged buildings as a KML
(keyhole mark-up language) file in Google Earth, in
preparation for Phase 2.  

In the next phase, the study area was extended
beyond Port-au-Prince (Figure 3) and a more detailed
analysis of damaged buildings was undertaken. The
network of volunteers from Phase 1 was expanded for
Phase 2, and formally recognized as GEO-CAN, which
eventually grew to include over 600 experts representing
131 private and academic institutions in 23 different
countries, from Sudan to China and Germany to Costa
Rica (Bevington et al., 2010). The rapid growth of the
network was largely due to its reliance on existing
participants to enlist colleagues via social networking sites
such as Twitter and Facebook (Eguchi et al., 2010) and to
contact via email institutions (such as universities) with an
established record in remote sensing. Crucially, the
network sought experts, for example, those holding at least
a Master’s degree in remote sensing/image processing plus
4–5 years’ experience (Bevington, 2010).  After screening
by ImageCat, each new participant was then sent detailed
instructions in PDF (portable document format).  
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Figure 1  Classification of structural damage to masonry
buildings from the European Macroseismic Scale 1998
(Grünthal, 1998)

Figure 2  Collapsed buildings identified and marked in Phase 1, over pre-event imagery from 27th July 2009 (left); and over
specially released GeoEye-1 imagery from 13th January 2010 (right)



Just over a week after the earthquake had struck
Haiti, an email asking for volunteers to join the GEO-CAN
initiative had been forwarded to my inbox at the University
of Southampton.  The timescale was short, as the work had
to be completed over the weekend of 23rd–24th January.
As well as the instructions, a set of clear guidelines were
given on how to interpret the imagery for signs of debris –
paying particular attention to the condition of
neighbouring structures and examining shadows – to
assess damaged buildings according to the EMS-98 scale.
Participants were automatically assigned a grid square via
the VDV to ‘check-out’ before opening a supplied set of
KML files in Google Earth, through which to view some
freshly released high-resolution 15 cm aerial imagery of
the corresponding area and the marked buildings that were
identified in Phase 1. Working from top left to bottom right
in each cell, the footprint of every building deemed as
falling into EMS-98 Level 4 (Very Heavy Damage) or 5
(Destruction or Collapsed) was digitized as a polygon
(Figure 4). These polygons were accompanied by attribute
data comprising the EMS-98 level, degree of confidence in
the assessment (by assigning a value of 0–100), and a short
description of the damage.  These data were configured as
layers according to grid number, before being sent via
email as zipped KML files (KMZ) to the central repository
at ImageCat for inspection.  The completed grid cell was
then ‘checked-in’ via the VDV before the assignment of

another. The whole process, of VDV ‘check-out’, interpret,
digitize and add attribute data in Google Earth, send KMZ
file, and VDV ‘check-in’ took some getting used to, while
the most difficult stage in the process was perhaps
knowing exactly how much confidence to place in your
own assessment of the damage.  That a recent ImageCat
and EERI (2010) workshop has made recommendations
such as including a menu of preset options and providing
video guides for understanding the damage assessment
process is encouraging. 

Within a week of the earthquake, 30,000 buildings
had been identified as heavily damaged or collapsed across
the study area, using solely remotely sensed imagery as a
data source (Eguchi et al., 2010).  The area covered by
Phase 2 was expanded on 27th January to include 1024.75
km2, which required a further 19 days to complete, during
which a further 9,000 buildings were identified (ImageCat
and EERI, 2010). The USGS released a ‘shake map’ so
that the distance from the epicentre could be measured, if
desired, to assist the interpretation process (Figure 5). A
third phase was begun on 5th March 2010, using LIDAR
(light detection and ranging) and thermal infrared imagery
in an attempt to study the surface of the rupture, provide
improved classifications, and conduct fire and thermal
anomaly mapping (Eguchi and Adams, 2010).
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Figure 3  The grid surrounding Port-au-Prince, which was extended to cover 346 km2 for Phase 2
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Figure 4  Identifying damaged buildings and tracing their footprints in Google Earth as part of Phase 2, estimating the level
of damage according to EMS-98 category (Level 4 or 5), rating confidence in the assessment (0–100), and providing a brief
description of the damage  

Figure 5  The USGS ‘shake map’ provided to give a sense of the geography of the earthquake, allowing the Euclidean
distance from grid square to epicentre to be calculated and help scrutinize damage (USGS, 2010)



Impact, Limitations and Legacy
As a result of the GEO-CAN initiative, over 90,000
buildings were identified as either destroyed or having
sustained heavy damage (Eguchi et al., 2010). The
building footprint information gathered during Phase 2
was used to create damage maps and to calculate floor
space, leading to an estimated cost of US$6 billion for the
reconstruction and recovery of these buildings (Bevington
et al., 2010). However, while imagery is useful for
exhibiting land cover and gaining an appreciation of the
physical characteristics and condition of many features, it
lacks the representation of land use and interpretation of
the landscape that maps can provide, which is no less
critical in supporting the relief effort.

The OpenStreetMap (OSM) community, in
partnership with CrisisCommons, geared up in the days
following the earthquake to update the basic open-source
base maps of Haiti, providing the most detailed mapping
of locations of road networks and critical infrastructure
(ImageCat and EERI, 2010).  Google, DigitalGlobe, and
GeoEye worked together to release high-quality satellite
imagery within 24 hours of the disaster (Zook et al., 2010)
and OSM contributors began digitizing the imagery, as
Keegan (2010) explains:

When the earthquake happened it was a signal for
OSM members around the globe to start
downloading satellite images (either freely available
or donated by Yahoo) and then to start tracing the
outlines of streets on top so a map emerged.
Volunteers on the ground in Haiti, often using
Garmin GPS locators, added vital local information
– such as which roads were passable, where the
hospitals were situated, where refugee camps were,
or walls, pharmacies, hedges and so forth – so rescue
workers had an invaluable tool. The result is a new,
detailed map that is updated frequently, unlike most
commercial maps.

Figure 6 shows OSM coverage of Port-au-Prince before
and after the earthquake, demonstrating the huge leap

forward in understanding the region’s infrastructure that
this community provided. 

Ironically, the huge response of remote volunteers to
the Haiti earthquake and utilization of OSM and other
crowd-sourced mapping initiatives such as Google Map
Maker also instigated some problems. As Zook et al.
(2010) explain, due to licensing issues, data were not
portable between the two systems and efforts were
undoubtedly duplicated, but more importantly, this
incompatibility resulted in maps with varying degrees of
coverage, depending upon the location within Haiti.  

Inevitably, crowd-sourcing also raises concerns over
accuracy. In requiring an ‘expert crowd’, the GEO-CAN
initiative sought to maintain high standards of accuracy
and reliability in its assessment. It was found, however,
that some image interpreters were better than others,
although an overall accuracy of 93 percent is claimed
(ImageCat and EERI, 2010). But imagery has inherent
limitations, not least its plan perspective, which can hinder
interpretation. Ground surveys played an important role in
filling in a complete picture of the damage, particularly
when the upper floors of buildings had collapsed onto
lower floors (Eguchi et al., 2010). Many of the
organizations involved in GEO-CAN sent field
reconnaissance teams to Haiti and were able to
systematically survey damage in areas that were being
analysed by the remote sensing scientists, allowing
calibration and confirmation of the damage assessment
(ImageCat and EERI, 2010). It is important to bear in mind
that discrepancies will always exist and with enough
people working together, any errors by one individual can
be easily corrected by another (Zook et al., 2010).  

The development of the Virtual Disaster Viewer to
incorporate OSM data (Figure 7) alongside high-resolution
imagery and other field data has therefore been a major
step forward. Its role as a centralized hub through which to
coordinate and share crowd-sourced information, coupled
with the capacity to harmonize the necessity for highly
structured datasets with the organic nature of the crowd-
sourcing, perhaps offers a future model.  Indeed, the FAO
(2010) uses OSM data in its Interactive Food Security
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Figure 6  Pre- and post-event OSM coverage of Port-au-Prince, Haiti in December 2009 (left) and 14th January 2010 (right)
(Maron, 2010)



Tool, an internet GIS. If the result would be to save
valuable time and resources of those on the ground and
maximize the collection of data while minimizing the
duplication of effort, it would be a model worth pursuing.   

Perhaps one of the most motivating experiences of
my involvement with GEO-CAN was the sense that I was
taking part in a global effort to directly help those in need.
The ability to see the overall development of the project as
time went on was rewarding and suggested that others
around the world were working simultaneously with me to
achieve something good.  Mapping is not exclusively
about possessing; it can also be about giving.  

Conclusion
Through effective coordination, integration, and
dissemination with other volunteered geographical
information, the GEO-CAN initiative and Virtual Disaster
Viewer have provided a wide-ranging and important set of
tools for mitigating the effects of the 2010 Haiti
earthquake. Crucially, the release of high-resolution
satellite and aerial imagery soon after the disaster allowed
a detailed assessment of the damage that was close to real-
time. Although disaster relief will always require the
presence of people on the ground, perhaps the real
achievement of this initiative is how it was able to harness
the expertise – and enthusiasm – of hundreds of
individuals from around the globe so quickly. The
empowering opportunity to help those in need directly, yet
remotely, was a milestone in disaster mitigation and is a
sure step towards directing relief efforts in future.
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