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ABSTRACT:

Following the 12th January 2010 earthquake in H#ig French Agence Nationale de la Recherche hatefla project named
KAL-Haiti which aims at gathering remote sensingagary as well as in-situ and exogenous data inkocavledge base. This
database, seen as a shareable resource, can senmsis for helping the reconstruction of thentgu but also as a reference for
scientific studies devoted to all phases of riskiagement. The project main outcome will be a géereaced database containing a
selection of remotely sensed imagery acquired befad after the disastrous event supplementedallitelevant ancillary data, and
enriched with in-situ measurements and exogenotas d&e resulting reference database is freelylablai for research and for
reconstruction tasks. It is strongly expected tnsrs will also become contributors by sharingrtiogin data production, thus
participating to the growth of the initial kerndlhe database will also be enriched with new stgellhages, monitoring the

evolution of the Haitian situation over the nextyEars.

1. INTRODUCTION

The earthquake that struck Haiti in January 201dhisngst the
most destructive disasters of recent years: maxa #00 000
lives lost, tens of thousands injured, close toilian people
made homeless, the entire country must be rebuilthe
response of the international community has
unprecedented. Over and above the emotion braaughy the
terrible scenes in the aftermath of the earthquake focus is
now turned to rebuilding the country. In additiarsing the
abundance of data available, this case must béestudth the
aim of better understanding seismic hazard andevability in
this zone and elsewhere.

During the immediate response to the disaster, eérsaitellite
images, both optical and radar, covering varioustiap
resolutions were acquired by satellite operatorstimdr they be
national space agencies or private companies. €eetlwere
added aerial photography and in situ measuremeXiter

photo-interpretation, these images were used by divé

protection agencies that sent teams to the scene.

Too often limited to this « response » phase, thisth
observation and in situ data should be availableuge by
relevant agencies involved throughout the disasgmagement
cycle : from recovery, to mitigation, to preparese A
prerequisite for making all this data available (Bitu
measurements, images, maps, models, reports tistdtidata)
to users (decision makers for the reconstructiofortef
scientists) must be that it is accessible in arlyeasploitable
form (geo-referenced, corrected, validated anddjate

This paper presents the KAL-Haiti project which bagn setup
in order to propose a new resource freely accessiy
researchers, developers and final users, for dpwejoand
evaluating new solutions in the disaster manageemé.
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2. MOTIVATIONS

Researchers and solution developers must exhib&nsixie
know-how and a good dose of creativity in orderde&vise
innovative solutions to the complex problems thgytd solve.
However, this is not sufficient. Firstly it is bettwhen the

beemproblems correspond to real issues and are definedhe

potential users, either directly or indirectly, asecondly well
documented and qualified datasets must be availabig
accessible in order to design and validate the qumeg
solutions.

Taking into account the humanitarian importancehef Haiti
earthquake catastrophe and the strong demand fpinge
reconstruction, as well as the huge amount of abkil data
related to this situation and the complexity ofsthirisis
management, the KAL-Haiti project's principal aimthus to
produce and promote the use of a database of elastirvation
(remote sensing and in situ) and associated daeecoing the
Haiti earthquake, defined and used jointly by ers@érs and
scientists.

The reference infrastructure that is setup by thejept,
containing freely exploitable data, provides an aimable
resource for research into developing methods afyais for
users involved in disaster management from preteven
preparedness to the return to normal after thetewen also
during the reconstruction phase currently underwayaiti.

This project is aligned with current activities the partner
organisations. These include the CNES ISIS and KAWS
programmes which provides improved access for tiense
and applications community to SPOT imagery, and CNES
participation and role as project manager for tlatiHlisaster
for the International Charter on Space and Majoaflrs.
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3. PROJECT OVERVIEW

The KAL-Haiti project can be described as four eliént
components which interact with each other. Thesar fo

applications identified in the 2011 workshop isegivin table 1.
Next workshops will be focused on the assessmettiteofesults
of selected applications and the definition of fatactivities.

components correspond to the main concerns whigh ar

considered for a successful use of this resource:
e A community of contributors for a joint involvement
of users and scientists,

e A data procurement and processing entity, in charg

of the quality and availability of the data,

e The database itself which exposes the data to @ubli

and registered users,

e The promotion and follow-up of applications of the

database..

These elements are described in the following suioses and
their interactions are shown in figure 1.

User communities

Application Study area

Follow-up of refugee camps Port — au — Prince

* Planning of urban districts Martissant  (districth |i

Port — au — Prince)

Development of a database ftalJacmel (town south of
improve territorial management Port — au — Prince)

Management of the risk of flood Port —au — Prince

Modeling of the risk of runoff Port — au — Prince

Seismic micro-zoning Port — au — Prince

Atlas of natural risks Several towns in Haiti

KAL-Haiti Contributors

End Users % Experts ané

laboratories
Needs, solutions and results gathering.
Data and DB ificati
Technical steering.

Others

Data

Other ANR
projects on
Hait

Haitian use?

/)

Distributed
database

__| Data procurement and / Development and /
production operations

Figure 1 - KAL-Haiti components and interactions
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3.1 Community of contributors

One of the characteristics of this project is therg user
involvement, whether they be, for instance, invdivin
humanitarian aid (Red Cross), UN organisation
UNITAR/UNOSAT) or specialists in urban planning.

Starting from January 2011, the project team hasuited
several of these organisations acting in Haiti alst research
institutes specialized in data analysis, geophysicsrisks
management. A call for contribution has been issugskd on
the win/win principle: the contributors give theixpertise and
express their needs which are in turn taken intowat in order
to optimize the definition, the content and thadetion process
of the KAL-Haiti database. This community will betiae at
least during the development of the project (20004, and
has been structured around several thematic grorigiss

Cartography and prioritization South-East  of  Haiti
of the active faults: application (Enriquillo peninsula)
to risks assessment

Table 1. Some of the applications of the KAL-Hdiitabase
considered so far.

3.2 Data procurement and processing

Due to the wide spread of information
information has become more and more available.ifButisis

situations like the one which followed the Haitirthguake,
information flows may present a chaotic behaviahey are
produced through different initiatives, acquired different

sensors and means, broadcasted through uncorrelzaadels,
stored in separate systems and used in indepemcdetexts.
One may argue that this behaviour is a normal apresece of a
lack of preparation in crisis management, whicheigy difficult

for events of such extents. As a result this hug®umt of
spread information can be a problem for the reseascand for

(those trying to help for the recovery. In orderaeess it in a

sensible way, one must know which information iaitable, at
what time, with what level of quality and be sutattit is
interoperable with other information flows.

3.21 Datainventory, gathering and procurement

Basing scientific and technical activities upon & s& well

identified information sources is very importanthi§ is a
prerequisite for good science where reproducibiitalways a
concern. This is also important for decision makem® need
reliable information. Therefore the KAL-Haiti prajehas setup
an inventory of the information sources which cae b
considered for its activities. This inventory indés satellite

management, urban planning, geology, seismologyta daand aerial imagery but not only. It also containse t

processing.

Communication within the community of contributors i
facilitated by a newsletter, a website and workshophese
workshops have been organized since 2011 and aren#tin
place for contributors to exchange information wailable data
and existing or new coming applications, expresedsaein
satellite and exogenous data related to the Hatitistrophe, and
identify new contributors. A major outcome of thesarkshops
is the identification of new applications which cha carried
out within the project framework. A short list ofuch
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cartographic material produced by a number of agsnor

communities, the damage assessments made by differe

authorities (e.g. PDNA), models designed by scémtirom

different disciplines, in-situ measurements, an@soThe main
criteria used for selecting a source to be includedthe

inventory is the plausibility that it may be cormidd as a
reliable source of information by some of the pcoje
contributors. Depending on the case the data is todected

from external sources or purchased through the beied

commercial channel, or even created
somewhere.

technologies,

if not avadlabl
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3.22 Dataquality assessment and improvement

Even if some data has been selected for inclusiorthe
database, it is not always of the best possiblétgud/ithin the
resources allocated to the KAL-Haiti project, wedhstrive to
apply the state-of-the-art data processing methodsder to 1)
assess the data quality level 2) raise this qubditgl using the
best of our know-how, if necessary. This is reqiliitey the
researchers who, most often, are unwilling to blearburden of
correcting data of poor quality. Some examples bis t
processing are: denoising, radiometric calibratieflectance
computation, geometric accuracy.

3.23 Datainteroperability

In crisis management situations, information isdormed with
different modalities (e.g. optical and SAR imageand in
different formats or reference systems. Howeverenohthese
information sources alone is sufficient to face thenplexity of
the problems posed by the situation. As a consemdusion
of information coming from different sources is assary,
provided that these data are interoperable. The -KaAlti

project takes this requirement into account by ding data
whose properties are consistent throughout the evidataset:
dating, geo-referencing, ortho-rectification, plgs meaning,
consistent metadata, standard nomenclatures amét®retc.

3.24 Dataaccessbility

One important point for efficient research as vl effective
support to humanitarian initiatives is the freeemssibility to the
data. This is natural for data whose license grameverybody
a free right to use them. But this is a concerrdfita which are
normally distributed within a commercial framewadbkcause
there exist no suitable generic license allowing-oommercial
uses in specific domains and for specific actigiti#hus the
access to these commercial data in the KAL-Haitalase is
granted only to registered users on a per data,bakwing the
traceability of their non-commercial uses.

3.3 Thedatabase

The datasets produced within the KAL-Haiti projece stored
into a database which is accessible through Intgk&l -Haiti
website). The solution used so far for this implatagon is
based on the KALIDEOS solution, and allows to quérg
database using a small number of criteria (ardatefest, data
type, sensor, etc.) and to retrieve the files doirtg the data.

In the second part of the project a solution boitt more
cutting-edge technologies will be designed, allaythe users
to browse, combine, amend and enrich the dataséteo

3.4 Applications promotion and follow-up

Once they have been selected together with the cmitynof

contributors, new applications are launched by iimbg

either project or external resources. The goab iprobpose, for
each problem which has been identified, the bessipte
solution involving end-users with real needs intHand the
highest-level scientific laboratories. Involvemeot Haitian

teams or institutes is also considered in orddatour spin-off
on these topics.

The selected applications are then followed up asalu
scientific and technical developments, except th@ir outcome
(progress, produced data, publications, models) et@
systematically provided to the database.
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4. EXAMPLESOF APPLICATIONS

In this section three applications which have beenducted
(first and second ones) or which could be reali¢btd one)
are briefly presented. They illustrate the divgrsit the needs
and problems and also the richness of the databasks. More
applications results will be available on the KAlaill website
as soon as they become available and will be sklthwimg the
oral presentation.

4.1 Reconstruction monitoring in urban areas

Construction and reconstruction of safe houses aiildlifgs

after such a major disaster as the January,12 @atbquake is
one of the major challenges facing the Haitianamgnd the
international community. Indeed a lot of initiativéave been
carried out: hard shelters have been installedanynocations,
destroyed buildings have been removed in mosts¢itieuses
repairs have been made, and new buildings havedreeted.

Monitoring this rapidly evolving situation is thusery

important from different perspectives: social seeg, economy
planning, health care, to name a few. In orderedceffective,

such a monitoring should cover wide areas in otdeaccount
for the whole population of the cities and shouddupdated at
short intervals for near real-time awareness. Remsetesing
imagery can thus be very useful for monitoring saehlutions
in this kind of situation.

In order to assess the added value of high resolugmote
sensing imageries for such situation monitoring, KAL-Haiti

project has produced a set of vector layers broitnfsatellite
and aerial imagery, and showing the buildings fdotp at
different periods. Three layers showing the locatmd status
of 22 257 buildings over the Jacmel area (5¢)kiave been
produced by photo-interpretation: one from a Wenlwil

image acquired on Dec. 9, 2009, before the eartejua
second one just after the earthquake from the NCagAal

campaign made on Jan. 24, 2010 and a third one di@hs
later using a Worldview-2 image acquired on July2711.
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Figure 2 - Evolution of buildings and shelters atihel area, at
3 dates: before, just after and 18 months aftee#iithquake.
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By comparison of these different layers, an enrichagker
allowing identification of the evolutions of builtljs, houses
and settlements can be created. An excerpt ofvdtasor layer
showing the status of buildings and houses in dlssmea of
Jacmel is shown in figure 2. Buildings existing befdhe
earthquake are shown as grey boxes, either oghthey still
exist or empty if they have been removed. Buildibgit in the
emergency period are displayed as orange boxéer@&paque
if they still exist or empty if they have been rerad since then.
Finally red boxes correspond to new buildings aglteis built
since the emergency period. One must be awareatluhrk
grey box does not always correspond to a safeibgilthecause
this layer does not take into account the safeayustof the
building (available in another layer). However thiformation
can be very useful for the Jacmel authorities iirtleffort to
plan the city reconstruction.

4.2 Analysisof water runoff in urban area

Water runoff is a major risk in several districté Port-au-

Prince and its impact may be higher than usualergithe
habitat conditions in this area after the disast@sessing this
risk and associated vulnerability is thus a majoallenge for
Haiti.

Information extracted from satellite imagery likesildings,

roads and paths, together with a DEM (possiblyveerifrom

the same imagery) can be used to compute the paties. Each
building vulnerability can also be derived by megithese
water paths and the building locations, geometrg atatus.
This is shown in fig 3 for Martissant district. Fluermore, the

same spatial description of the scene can be fdd in

hydrological models to estimate the water runoff estch
location; improving the fitting of such models cdudecome the
subject of subsequent research activities.

Figure 3 — Water runoff risk assessment showing\ter
paths and the building vulnerability.
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4.3 Automated reconstruction monitoring

Vector layers described in section 4.1 can alsodeel, together
with the high resolution images they come fromaasst case
for developing new (semi-)automated methods aimatg
identifying buildings evolutions in high resolutioimages,
taking into account the buildings layers when thkgady exist.
In situations where housings are rapidly evolvewgh methods
could be very effective because they could helpucetdy the
delay for such information production.

5. PERSPECTIVES

Besides the applications given as examples in tlewiqurs
section, KAL-Haiti steadily promotes the proposdl rmew
applications and research activities in the fiefdglmbal risk
management and sustainable reconstruction, frorphysaal
and societal modelling to image analysis, data ggsiog and
information management.

From another perspective, the CNES KALIDEOS programm
in which KAL-Haiti is inscribed, is committed to gport such
databases and surrounding activities on the lomg, téhus
providing a stable environment for contributorsliwg to be
involved.

The KAL-Haiti database will also be proposed astigbution
to the Global Earth Observation System of Systdas(qSS) «
Supersites » activity which has begun to bring tiogierelevant
data for scientific study of this event

Considered together, these three arguments shatigstren the
potentialities of the database on the long term..

Last but not least, Haiti will of course benefitaditly from the
KAL-Haiti project. A mirror database will be tramsfed to
Haiti during the course of the project and assisarnn
exploiting this resource will be proposed with thén of
developing a regularly updated GIS, operated byleméic or
institutional Haitian bodies.

6. CONCLUSION

The availability of comprehensive and consistentaskts
corresponding to real use cases is a key issuether
development of new methods and algorithms able diwes
increasingly complex problems. In line with thissasption,
the KAL-Haiti database is a promising initiative ialn strives
to strengthen the global risk management domairchwinias
emerged as an important one, given its societabitapce.
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