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SUMMARY
Within two weeks of the January 2010 Haiti earthquake, an innovative use of social networking
facilitated the participation by many earthquake experts in the preliminary damage assessment
that was submitted to the Government of Haiti. Many agencies were involved in this
assessment, including the World Bank, which worked with a network of volunteer collaborators
and ImageCat, Inc. The network that was created, the Global Earth Observation Catastrophe
Assessment Network (GEO‐CAN), participated in the assessment of thousands of buildings,
ultimately making an assessment of collapse or partial collapse for about 30,000 buildings, from
aerial imagery and comparisons with pre‐event satellite Imagery. The network currently has
over 600 participants and continues to grow.
This workshop report summarizes
recommendations from a small invitational workshop that was held to identify challenges and
issues with using this social network in damage assessment, and to make recommendations for
formalizing the network and improving its ability to contribute to future damage assessments.
BACKGROUND
A 7.0 Mw earthquake struck the Port‐au‐Prince region of Haiti on January 12, 2010. The effects
of the earthquake were calamitous, resulting in over 200,000 deaths, 300,000 injuries, 1.3
million displaced, and several hundred thousand collapsed or damaged homes in the Port‐au‐
Prince region.
On March 3, 2010, the World Bank and the Global Facility for Disaster Reduction and Recovery
working jointly with the United Nations Institute for Training and Research (UNITAR),
Operational Satellite and Applications Programme (UNOSAT), the European Commission
through the Joint Research Centre (JRC) and the Centre National d’Information Geo‐Spatial
(CNIGS) submitted the Building Damage Assessment Report in support of the Post Disaster
Needs Assessment (PDNA) and Recovery Framework to the Haitian government. The results of
this assessment were made based on the best available data and information at the time of
report preparation. Image analysts at UNITAR/UNOSAT and EC JRC used manual photo‐
interpretation methods to classify buildings into different earthquake damage classes. The
World Bank worked with a network of volunteer engineers and scientists called GEO‐CAN
(Global Earth Observation Catastrophe Assessment Network) and with ImageCat, Inc., to
produce its building damage assessment. This assessment took place through manual photo
interpretation delineating the footprints (polygons) of destroyed (Level 5) and very heavily
damaged buildings (Level 4) according to the EMS‐98 damage scale.
Building on the experience after the Sichuan, China earthquake where satellite imagery was
analyzed by a pilot network of earthquake experts (engineers, geoscientists and social
scientists), ImageCat and EERI launched the Global Earth Observation Catastrophe Assessment

Network (GEO‐CAN). This global community was brought together and coordinated by
ImageCat, Inc., to speed up damage assessment using pre‐ and post‐event aerial imagery: An
area of some 300 square kilometers was divided up into grids, and individual grids allocated for
damage assessment to each GEO‐CAN expert. EERI played an important role by contacting its
entire membership to recruit volunteers. Many of these volunteers then recruited colleagues
and students, enabling the initial analysis to be completed within 96 hours of the launch of GEO‐
CAN (see Figure 1 and Table 1).
ORIGINS OF GEO‐CAN
Gathering damage information from remotely‐sensed data is not a new phenomenon, and has
been used for well over a decade. Following the 2008 Sichuan, China, earthquake, a highly
motivated consortium of scientists volunteered their time to a prototype community‐based
method of damage assessment. Their efforts resulted in the development of the online Virtual
Disaster Viewer (www.virtualdisasterviewer.com)‐‐an integrated system allowing pre‐and post‐
event very high spatial resolution imagery to be used for damage assessment. It incorporates
additional information collected by ground field teams for the understanding of natural
disasters by a global audience. Using VDV, a prototype on‐line damage assessment was
completed for the city of Ying Xiu, several months after the earthquake. 85 volunteers mapped
damage to buildings, infrastructure, landslide effects, and presence of Internally Displaced
People (IDP) camps, and reported a positive impression of this first‐of‐a‐kind initiative.
As the extent of devastation in Haiti became apparent, the global scientific community searched
for ways to become involved in helping. This interest in helping coincided with the need to
analyze vast amounts of imagery being collected daily, including the World Bank‐ImageCat‐
Rochester Institute of Technology (RIT) aerial mission, from Google and NOAA missions, as well
as satellite imagery.
ImageCat and its partner organizations recognized the strength and possibilities in using a
distributed analysis with expert volunteers, particularly as there was a surge in interest in the
project in the days following the earthquake. Social networking and crowd‐sourcing
technologies were also being used in other aspects of the response in Haiti. Online networks
such as Ushahidi.com aided people on the ground through mobile communications technologies
and an army of volunteer translators and mappers. 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. Both of these initiatives were possible because of the
internet, mobile communications and an eager pool of volunteers, who were willing to donate
time and, most importantly, professional expertise. The GEO‐CAN initiative was also made
possible because of the same factors, connectivity and volunteers, in addition to the availability
of very high spatial resolution aerial and satellite imagery.
The initial GEO‐CAN participants largely consisted of the EERI volunteers who took part in the
China earthquake trial in 2008, described above. Based on their favorable response and the
continuing requests from members about how they could help, EERI contacted its larger, multi‐
disciplinary membership (over 2000 members in 56 countries). These members include
engineers, scientists and policy and decision‐makers. Other strategic partners in GEO‐CAN
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mobilized significant numbers of their members, including the Earthquake Engineering Field
Investigation Team (EEFIT).
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Figure 1. Total number of volunteers registering over time

Figure 1 shows the cumulative number of volunteers registering their interest to aid the Haiti
initiative. At its height, GEO‐CAN consisted of over 600 individuals. 23 countries were
represented by 131 private and academic institutions, including 60 universities, 18 government
agencies and non‐profit organizations, and 53 private companies (40 individuals who donated
their time that did not list an affiliation). Contributors volunteered from USA, Austria, Barbados,
Canada, China, Costa Rica, Czech Republic, Finland, France, Germany, Greece, Japan, India, Iran,
Italy, Mexico, Netherlands, Poland, Portugal, Turkey, United Kingdom, Spain, and Sudan (Figure
2), with an organization from New Zealand also offering help.
In anticipation of a large evaluation effort, key researchers were contacted for their interest in
participating in the global World Bank damage assessment initiative. In the initial call that
occurred between 1/15/10 and 1/21/10, researchers from Japan, Europe, Canada, Iran and the
US agreed to be a part of the effort. In addition, several large university networks in India and
within the US were contacted regarding their interest in joining the global effort. Motivated by
the need to quickly and accurately assess damage to buildings and critical infrastructure around
Port‐au‐Prince and surrounding areas, GEO‐CAN was officially launched on 1/21 by ImageCat
and its partners – the Earthquake Engineering Research Institute (EERI), Rochester Institute of
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Figure 2. Nations with participating GEO‐CAN members
Technology (RIT), the State University of New York (MCEER and LESAM) and others – working
with the World Bank and the Global Facility for Disaster Reduction and Recovery (GFDRR).
The highest number of people consecutively participating in the GEOCAN effort was seen
between 1/21 and 1/29, with over 500 registered by 29 January. There was a steady rise in total
number of volunteers from the launch of GEO‐Can on 1/21/10 until the end of the project.
There was a secondary rise in numbers during the liquefaction study in early March, as experts
in this field signed up to GEO‐CAN.
THE PROCESS
The first phase of the Haiti damage assessment initially focused on identifying collapsed
buildings within the capital, Port‐au‐Prince, and was conducted by scientists at ImageCat. The
study area was expanded for Phase 2, to include both collapsed and heavily damaged (grades 4
and 5, EMS‐98 scale) areas of Port‐au‐Prince, Carrefour, Delmas, Léogâne, Jacmel, Grand Goâve
and Petit Goâve, a greater than seven‐fold increase in the are targeted in Phase 1. Analysis of
these areas was also more in‐depth, with each heavily damaged and completed collapsed
building identified and its image footprint digitized into a GIS database.
Figure 3 below outlines the process that was used. The damage assessment utilized experts’
experience in image analysis, earthquake engineering and other disciplines. The study area was
split into a grid of squares, with volunteers using the online virtual disaster viewer to check‐out a
square for analysis, and check‐in the completed square, along with damage information for the
building stock within the square. They outlined building footprints of severely‐damaged
buildings and assigned different damage grades (Level 4—very heavy damage and Level 5—
destroyed). They used the EMS‐98 damage scale (see Figure 4 below). They were also asked to
assign a rough confidence level between 1 and 100%.
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TABLE 1: Number of Buildings Analyzed by GEO‐CAN Network in First 10 days of Phase II
of Damage Assessment
(EERI sent out e‐mail to its entire membership, recruiting volunteers, on Friday, January 21st)
Date

Grade 4

Grade 5

Total

1/21/2010

147

429

576

1/22/2010

1,536

2,855

4,391

1/23/2010

2,728

5,104

7,832

1/24/2010

3,930

6,867

10,797

1/25/2010

4,543

8,108

12,651

1/26/2010

4,535

8,279

12,814

1/27/2010

4,626

8,874

13,500

1/28/2010

4,666

9,297

13,963

1/29/2010

4,670

9,307

13,977

2/1/2010

4,772

9,592

14,364

2/2/2010

4,782

9,894

14,676

Figure 3. Workflow for each GEO‐CAN volunteer (in pink)
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Figure 4: Examples of damage states from the EMS‐98 Damage Scale
The GEO‐CAN participants drew boundaries around collapsed buildings, as shown in Figure 5
below. The volunteer participation was one element in a complex process of imagery analysis
and map preparation. Table 2 indicates some of the data that were used in the various phases,
and the ultimate products that were produced by ImageCat staff with this volunteer input.
Figure 6 is an example of a map compiled by ImageCat with input from the GEO‐CAN network.
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Figure 5: Building boundaries indicating partial and full collapses

Table 2: Phased damage assessment
Start/End Date
Imagery Used
1/16/10—1/17/10
Phase 1





1/18/10—1/26/10
Phase IIa





1/27/10—2/15/10
Phase IIb





Duration

50 cm satellite
imagery (GeoEye‐
1)
Before imagery
Gridded
area:
133.75 km2
15
cm
aerial
imagery (Google &
WB‐IC‐RIT)
Before imagery
Gridded area: 346
km2
15
cm
aerial
imagery (Google &
WB‐IC‐RIT)
Before imagery
Gridded
area:
1024.75 km2

48 hours
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IR
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Analyzed by ImageCat
scientific staff
Damage map – point
location of every collapsed
building (>5000)

Total
#
Buildings
Identified
5,189

19,785
8 days

Damage map – polygon
footprint of collapsed or
heavily damaged buildings

9,271
19 days

3/5/10
Phase III

Product

ongoing

Estimate of square footage
requiring reconstruction

Presence
of
debris,
liquefaction,
geological
investigation,
thermal
anomalies. For use by
wider scientific community

Figure 6: Point locations of collapsed structures (Phase 1)

The GEO‐CAN community proved to be a unique social network of earthquake professionals
who responded quickly and capably to assist in the immediate damage assessment of Haiti.
Participants enjoyed the opportunity to contribute in some way to assist in the response to
Haiti. The success of the effort has prompted interest in institutionalizing this network in some
way so that it can be quickly mobilized in the future.
Figure 7 below shows the total number of damaged buildings as reported to the Government of
Haiti, by EMS class. This count includes the buildings identified by the GEO‐CAN volunteer
community, as well as buildings assessed by other organizations involved in the damage
assessment. The GEO‐CAN community identified most of the buildings in Class 4 and 5.
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Figure 7: Number of Damaged Buildings per EMS‐98 Class

VERIFICATION THROUGH FIELD INVESTIGATIONS
Several of the partnering organizations in GEO‐CAN, particularly EERI, GEER and EEFIT, as well as
individual firms and organizations, sent field reconnaissance teams to Haiti, to bring back
lessons for the scientific and engineering communities. In some cases, individuals on these
teams were able to systematically survey damage in an area that was also being analyzed by the
remote sensing scientists, allowing these scientists to calibrate and confirm their work. This
proved to be extremely valuable, as it is not always possible to determine collapse or partial
collapse from a straight view down on a building. Getting photographs of the building(s) from
the field helped the scientists understand what they were seeing in the imagery, and is helping
in the development of better guidance on how to interpret the imagery.
One of the earliest researchers in the field was Eduardo Fierro, who traveled in part under the
auspices of the Pacific Earthquake Engineering Research Center, headquartered at UC Berkeley.
He made several subsequent trips and helped ImageCat verify some of their aerial analyses by
conducting building‐by‐building analyses in a few block area. Figure 8 shows some of the
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Figure 8: Making the damage analysis more powerful by combining aerial analysis with on‐
the‐ground analyses, identifying collapsed and partially collapsed buildings (top left); focusing
in on one block (top right), and providing photographs of buildings from that same block
(examples in bottom left and right).

CHALLENGES ASSOCIATED WITH THE GEO‐CAN EFFORT
Several issues quickly emerged in the mobilization of the GEO‐CAN network including: quality
control of data; management of volunteers; imagery transfer and data management.
The largest challenge was associated with checking and maintaining the quality of the analysis.
Some volunteers signed up for grids and were assigned log‐ins but never completed their work.
They checked their grids back in but without any analysis and it was not until ImageCat went to
stitch the grids together did they realize some were missing analysis. In addition, some of the
volunteer analysts were better at interpreting the imagery than others, and ImageCat staff
needed to check many of the grids. Volunteers were also not consistent in how they determined
if a building was one or more buildings. Some evaluation of the various imagery analyses (those
conducted primarily through the U.S. network [EERI] and the European network) has indicated
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that the GEO‐CAN volunteers were 93% accurate. The buildings they missed were primarily
because of pancaking or more subtle damage. See below for recommendations on improving
the training that is given to each volunteer.
Management of all the volunteers proved to be challenging in the first few days, only because
the response was so overwhelming. Hundreds of volunteers were assigned log‐ins and given a
quick written training on January 21 and 22. This was all processed manually, and can easily be
modified in future events.
Another challenge facing GEO‐CAN volunteers, ImageCat and World Bank staff was the huge
sizes of the various data files. These files were so large that they had to be moved to the
supercomputer facility at San Diego State University (SDSU). Developing ways of serving and
manipulating the data in manageable files will be a challenge in a future event as well. Hosting
and serving file sizes that ranged from several gigabytes to terabytes not only require huge
amounts of hardware resources but also smart computing technologies. Corporations such as
Google and Microsoft currently have the capacity to support such amounts of data transfer and
the World Bank and the project team collaborated with Google to execute the damage analysis.
Resolving these challenges is recognized as critical to future mobilizations of GEO‐CAN. To that
end, the World Bank provided funding to ImageCat and EERI to convene a small workshop with a
select group of individuals who participated in the GEO‐CAN effort, to discuss strategies for
addressing these challenges and ways to build the network in the future. Findings from this
workshop are discussed below.
INVITATIONAL WORKSHOP
The workshop was held on May 4th, 2010, with a few experts who participated both in the GEO‐
CAN effort and in subsequent ground‐truthing, reconnaissance and assessment in Haiti. (See
Appendix A for a list of participants.) The purpose of the workshop was to discuss challenges
and issues associated with the GEO‐CAN effort and to develop a set of recommendations that
would guide its future use and development. Recommendations emerging from the workshop
can be generally grouped in 4 categories:
 Highlight the possible role of crowd sourcing in remote sensing analysis
 Improve interactions with the volunteer participants
 Improve the interface
 Improve the training
Each category of recommendations is discussed in more detail below.
RECOMMENDATIONS
Highlight the role of crowd sourcing in remote sensing analysis
The workshop highlighted the innovative, ground‐breaking nature of the GEO‐CAN effort. The
use of crowd sourcing for engineering and scientific purposes, with a very quick call for
volunteers and a short turn‐around period for the analysis, is particularly unique. The success of
the Haiti initiative suggests that the hazards community may be on the cusp of using remote
sensing in new and innovative ways. There were several recommendations to highlight and
build on this work:
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Publicize the results within the realm of emergency response—make sure the
emergency response community understands the potential application of such crowd
sourcing participation in the preliminary analysis of damage
Share the data more easily—develop a single portal for both the analysts (see below)
and the potential users of the data
Warehouse the data and analyses for future use—the Haiti event could be a test bed for
future events

Improve the interactions with the volunteer participants
The response to EERI’s solicitation e‐mail for Haiti was very rewarding—not only did EERI
members willingly give up their weekend to participate in the analysis, but many forwarded the
e‐mail to related networks and communities, spawning further enthusiastic participation. As
this was a first effort, there are a few recommendations that could improve the initial
interactions with the volunteers:








Make sure the purpose of the analysis is very clear—who will use the data; how will it be
compiled; this is only a part of damage assessment‐‐analysis of such imagery can ONLY
address damage states 4 and 5; ground‐truthing will still be required for a complete
damage assessment
Institutionalize GEO‐CAN (maintain a mailing list and/or a website) so that there can be
regular updates to GEO‐CAN participants—keeping them abreast of remote sensing
developments and applications. Continue to work with volunteers so they understand
the expectations for the next event—e.g. quick turn‐around, perhaps weekend work—
and the pay‐off—using professional knowledge to contribute in a meaningful way.
Develop a roster of GEO‐CAN participants so that future solicitations can start with this
group of interested professionals (provide training in advance to this group—see below)
Automate the assignment of log‐ins so that EERI, other partners and ImageCat staff do
not have to read each email from volunteers to then manually assign the user name and
password.
List the names of volunteers who conducted the analysis for each event—look for
additional ways to acknowledge their contributions

Improve the interface
Based on the success of GEO‐CAN after Haiti, its future application, particularly as there are
more and more advances in the remote sensing field, is of great interest. To facilitate an even
wider response, improvements should be made in how to access and work with the imagery.
These recommendations include:
 Consider using tile servers to help manage the very large data files that are generated as
part of this process.
 Make this a web‐based application—a user can enter with password, before and after
imagery for each grid of analysis would already be there, the user would just draw his or
her polygons, and select criteria
 Select criteria for damage state, confidence level, etc., from a drop‐down menu—force
the choices
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Consider acquiring before‐event imagery, prior to the next event, which could be pre‐
loaded in the system, and perhaps pre‐assigned to GEO‐CAN volunteers.

Improve the training
Workshop participants also discussed the need for improved training for GEO‐CAN analysts.
This should improve the completion rate, which was a problem in the Haiti initiative, and the
accuracy of the online analysis. Suggestions for training tools included:
 Develop a 7 to 10 minute training video that each participant listens to before being
assigned a grid. After listening to the video, participants then take a practice “quiz”,
where they are asked to analyze a small grid. In order to then continue further (e.g. be
assigned a grid, become a member of the GEO‐CAN network) participants will need to
“pass” this quiz, or will be given some kind of feedback on their test grid
 After analyzing 6 grids or so, participants will be invited to listen to a 2 minute refresher
video, where the most common errors and misunderstandings are reviewed
 Prepare written guidance on how to analyze a grid, which should include basic
information on artifacts associated with damage:
o Shadows
o Blow‐outs
o Skewed buildings
o Obvious changes in elevation
o Amount of debris around building (be careful)
o Color of debris field
 In addition, guidance should be provided on the following:
o Provide commentary on the EMS‐98 scale and additional photos and cartoons
for each damage state
o Contiguous buildings should be interpreted as one building
o Multiple damage states within a building should be classed as the highest
(maximum damage)
o Certainty/uncertainty scale should be A‐‐D
 An appendix of common errors should be provided
 Given the extensive field reconnaissance that has been conducted in Haiti, some of
which included ground‐truthing with the aerial imagery, develop examples in the
training program that show both the remote sensing imagery and the photograph of the
building from the ground. In Haiti, in particular, there are at least 40,000 buildings that
have been evaluated by UNOPS—each building has a photo and its GPS coordinates.
These could be used for the examples.
 Determine how best to incorporate information on cultural practices in the training
(with the Haiti imagery, for example, what is unique about Haitian construction
practices that could help inform what an analyst is looking at)
 To improve the accuracy rate, consider assigning the same block to several people, so
that the map compilers can compare the results.
THE NEXT STEP
The success of this network, particularly the enthusiasm with which a wide range of volunteers
participated, working through evenings and weekends, has convinced EERI, ImageCat and their
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partners that the global community of earthquake professionals would eagerly welcome future
opportunities to use their professional knowledge in such a meaningful way. EERI is exploring
ways to establish GEO‐CAN as an ongoing network that could function in future earthquakes.
Such an ongoing network would have many partnering organizations that would provide
imagery, the interface and structure to handle the individual volunteer analyses and assemble
them together, and access to their individual networks of volunteers. These organizations
include the World Bank, ImageCat, RIT, EERI, EEFIT, JRC and various UN agencies, particularly
UNOSAT. Creating GEO‐CAN as an organization that people join might also help in establishing it
as a more permanent entity. Volunteers could sign up in advance to be a member of the GEO‐
CAN network, receive access to online training, and receive periodic updates on advances in
technology as well as information on events where GEO‐CAN volunteers have participated.
As GEO‐CAN becomes more formalized, there is also the strong potential for a more direct
linkage between the imagery analyses and field investigations. Several of the partnering
organizations in GEO‐CAN, particularly EERI and EEFIT, regularly send out reconnaissance teams
in damaging events. These teams could easily be tasked with detailing damage in a defined
area, similar to the work described above by Eduardo Fierro. Closer coordination between the
imagery analysis and organizations and the field reconnaissance could result in greatly improved
imagery analyses, leading to even more accurate, and very rapid preliminary damage
assessments.
In addition, EERI is in the initial stages of creating a post‐earthquake engagement program that
could also serve as a model for future events, and provide needed expertise in particular
disciplinary areas in a future GEO‐CAN mobilization. This idea of the program is to organize and
then support a broad range of rapid participation opportunities for EERI’s 2300 member
technical society of earthquake professionals, and their contacts and colleagues in collaborating
organizations and the broader global earthquake community. The driving motivation is to
leverage the embedded intellectual capacity within this broad network of earthquake engineers,
earth scientists, architects, planners and social scientists focusing on hazard mitigation,
response and recovery as a go‐to resource for damage assessment, recovery and reconstruction
efforts undertaken by the global community.
The program model could be built on a distributed set of engagement nodes that focus on
seismic design, seismic building codes, structural and geotechnical evaluations, tutorial
development, community planning and so on. The nodes would be led by some of the most
knowledgeable of our members with years of relevant experience. Nodes would form clusters to
tackle project opportunities as they present themselves. In particular, these nodes would be
able to provide expertise in specialized areas to assist in the imagery analysis, including
geotechnical evaluations, tsunami run‐up and debris flow analyses, and transportation and
infrastructure analysis.
One important place to start in building these engagement nodes is to create a web‐based
infrastructure that could accommodate virtual and active participation. Using Web 2.0
technology, EERI would like to develop participation nodes by topic area where participants
could engage in discussion about various issues related to imagery analysis of particular
structure or geoscience types, respond to technical questions posed by agencies and
organizations involved in imagery analysis and in the rebuilding, maintain a continually evolving
library of relevant materials from all over the world, and establish a network listing of which
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firms and individuals are in the field, who is developing new materials, teams and firms who are
looking for certain expertise, etc. The discussion nodes would need to be moderated in at least a
minimal fashion, particularly in developing answers to specific questions that might be posed to
the network. EERI has a long tradition of engaging its volunteer members in many activities, and
has one project, the World Housing Encyclopedia, with participants from around the world who
communicate almost exclusively by e‐mail and the Web. In fact, EERI members are already
prominent in several other online Haiti discussion groups—but by creating such a nodal‐based
network specifically for this professional community EERI and its partners could guarantee a
place where such knowledge and expertise would be of direct use by the broader community
involved in rebuilding. EERI is currently exploring with partners the possibility of creating and
funding such a nodal infrastructure for Haiti.
CONCLUSIONS
The GEO‐CAN effort, including participation from earthquake professionals around the world,
recruited by EERI as well as various international associations, was an innovative application of
crowd sourcing in a professional community. Volunteer imagery analysts appreciated the
opportunity to use their skills and make a difference after the tragic earthquake in Haiti. The
initiative was quickly formed and yet was able to provide valuable data to ImageCat and
ultimately to the World Bank in a very short period of time. Now, before the next event, the
community has the opportunity to reflect on what worked and what should be improved to
make GEO‐CAN even more successful after the next earthquake. Evaluating the
recommendations developed at the invitational workshop and described above is an important
first step.
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