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Abstract
When natural disasters such as earthquakes happen, there is a need for an efficient method to
support humanitarian aid organizations in the decision making process. One such decision is
placement of Foreign Field Hospitals to assist with medical help.
To support such a decision lots of different information and data needs to be gathered and
combined. The main objectives of this thesis are to collect existing data published shortly after the
earthquake in Haiti 2010 as well as data published up to two months after the earthquake. The data
is then to be evaluated according to adequacy for analysis and the result of the analysis to be
compared to the actual placements of the field hospitals after the 2010 earthquake.
The method used in this analysis is Multi Criteria Evaluation (MCE). Data regarding population,
elevation, roads, land use, damage, climate, water, health facility locations and airport location are
collected and weighted relative with the Analytic Hierarchy Process (AHP) with weights retrieved
from a questionnaire sent out to Non-Governmental Organizations (NGOs) and countries involved in
the disaster relief. The result obtained from the MCE is a final suitability map depicting areas that are
suitable according to the different factors.
The data availability for the thesis project is an issue, due to lack of data published shortly after the
earthquake. Some of the data used in the analysis do not have the sufficient detail level. Still, an
analysis can be performed where suitable areas are obtained.
The suitable locations found in the analysis agree well in most cases with where the actual FFHs are
placed, however a few locations are not in proximity to where the suitable areas lie. A few of the
locations were located in areas exposed to frequently floods. Even though the data availability and
quality leaves things to desire, the analysis method shows promising results for future research. The
approach could help aggregating information from different sources and provide support in predispatch organization, already having a set of suitable locations to arrive to.
Keywords: Foreign Field Hospitals, MCE, AHP, Haiti earthquake, SDSS
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Sammanfattning
När naturkatastrofer som jordbävningar uppstår, finns det behov av en effektiv metod för att stödja
humanitära hjälporganisationer i beslutsfattande processer. En sådan är placering av fältsjukhus för
att assistera med hjälp.
För att kunna stödja ett sådant beslut behövs olika typer av information och data behöver samlas och
kombineras. Huvudsyftena med denna uppsats är att samla in data publicerat strax efter
jordbävningen i Haiti 2010 samt data upp till två månader efter jordbävningen. Data ska sedan
utvärderas med hänsyn till användbarhet för analysen och resultaten av analysen ska sedan jämföras
med de faktiskt placeringarna av fältsjukhus eftre jordbävningen i Haiti 2010.
Metoden använd i analysen är Multi Kriterie Analys (MCE). Data över befolkning, terräng, vägar,
markanvändning, grad av förstörelse, klimat, vatten, sjukvårdsfaciliteters- och flygplatsers lägen ska
samlas och viktas samman relativt genom Analytic Hierarchy Process (AHP) med vikter tagna från ett
formulär utsänt till humanitära hjälporganisationer. Resultatet från MCE är en lämplighetskarta som
pekar ut lämpliga områden utifrån olika faktorer.
Tillgänglighet av data för denna uppsats är ett problem, detta på grund av bristen på data tillgängligt
strax efter jordbävningen. Några av datatyper saknar även detaljnivån som krävs. Trots detta kan en
analys göras och lämpliga områden hittas.
Områden som kom fram genom analysen stämde till stor del överens med var de faktiska
fältsjukhusen var placerade, men ett fåtal sjukhus låg en bit ifrån dessa områden. Ett antal platser låg
även i områden utsatta för upprepade översvämningar. Även om både kvaliteten och tillgängligheten
på data lämnade en del att önska visade metoden lovande resultat för framtida studier. Metoden
vara till hjälp för att aggregera olika typer av information samt vara ett stöd vid planeringsstadiet
innan ankomst med ett urval av lämpliga platser att placera ett Fältsjukhus på.
Nyckelord: fältsjukhus, MCE, AHP, Haiti jordbävning, SDSS
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Acronyms
AHP
ASI
CGIAR-CSI
CIESIN
CNIGS
DEM
DLR
DSS
EC JRC
EUSC
FBO
FFH
GDACS
GIS
ICRC
IDP
ITHACA
MCE
MINUSTAH
MSPP
MTPTC
NDVI
NGA
NGO
OFDA
OSM
PAHO
PEPFAR
PaP
UN DFS
UNITAR
UNOSAT
USDA
WB
WHO
WLC

Analytical Hierarchy Process
Italian Space Agency
Consultative Group on International Agricultural Research –
Consortium for Spatial Information
The Center for International Earth Science Information Network
Haitian National Centre for Geospatial Information
Digital Elevation Model
German Aerospace Center
Decision Support System
European Commission Joint Research Centre
European Union Satellite Center
Faith Based Organization
Foreign Field Hospital
Global Disaster Alert and Coordination System
Geographic Information Systems
International Committee of the Red Cross
Internally Displacement Person
Information Technology for Humanitarian Assistance,
Cooperation and Action
Multi Criteria Evaluation
United Nations Stabilization Mission in Haiti
Ministry of Public Health and Population
Ministry of public Works, Transport and Communications
Normalized Difference Vegetation Index
National Geospatial Agency
Non-governmental Organization
Office for Foreign Disaster Assistance
OpenStreetMap
Pan American Health Organization
President’s Emergency Plan for AIDS Relief
Port Au Prince
United Nations department of Field Support
United Nations Institute for Training and Research
United Nations Operational Satellite Applications Programme
United States Department of Agriculture
World Bank
World Health Organization
Weighted Linear Combination
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1 Introduction
1.1 Background
In the event of a natural disaster such as an earthquake, there is often an urgent need for relief
efforts. Humanitarian aid organizations such as the ‘Red Cross’ and ‘Doctors without borders’ often
provide help within days of the catastrophe. The purpose of the help can either be to assist with
immediate medical help or to act as a temporary facility to substitute or assist damaged facilities
(WHO/PAHO, 2003).
Our findings have shown that there is no comprehensive spatial decision support system in use to
find the most suitable location for Foreign Field Hospitals (FFH).
When finding the best location for a FFH there is a number of spatial factors to take into account.
Such factors are accessibility, damage levels on buildings, roads, airports etc., where existing health
facilities are located, how the terrain and climate is at site etc. These factors can vary depending on
disaster and place and therefore the location analysis can be a difficult process to perform.
A problem with today’s situation is that there is no certainty that the placements are made in areas
that are the most affected by the disaster or where the most affected people are located. The
advantage when performing a spatial analysis such as multi-criteria-evaluation (MCE) is that many
factors from different sources of information can be taken into account and evaluated.
To be able to build a decision support system that could be used in case of natural disasters it is
important that information can be obtained as soon as possible after the event. FFHs main purpose is
to provide emergency care and therefore the system must be able to perform this analysis shortly,
within 24-48 hours, after the event (WHO/PAHO, 2003).
On January 12th 2010 Haiti was struck with a 7.0 magnitude earthquake that caused human,
economic, environmental and social destruction throughout both the country and parts of the
Caribbean region (Mora S. et al., 2010). The earthquake is known as one of the most fatal disasters in
the world’s recent history.

1.2 Research Objective
This study aims to assess the role of spatial analysis and geospatial data in assisting the strategic
placement of field hospitals and to compare the results with the actual placements after the 2010
Haiti earthquake.

The specific objectives of this study are to:
1. Collect existing data accumulated shortly after the earthquake in Haiti January 12th 2010 as
well as data available two months after the disaster.
2. Evaluate whether the existing data are adequate to be used in the analysis
3. Perform a MCE analysis to find the most suitable location for placement of field hospitals.
These locations are then to be compared with where actual field hospitals where placed after
the 2010 Haiti earthquake.
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2 Literature Review
Some brief accounts of topics concerned in the study will be given, followed by an example of studies
and applications in disaster management utilizing these topics.

2.1 Foreign Field Hospital (FFH)
The definition of a FFH is unclear. World Health Organization (WHO) and Pan American Health
Organization (PAHO) provide some guidelines for the use of FFHs. The definition is stated as “a
mobile, self-contained, self-sufficient health care facility capable of rapid deployment and expansion
or contraction to meet immediate emergency requirements for a specified period of time”
(WHO/PAHO, 2003).
A FFH can be determined to have three distinct purposes:
1. To provide early emergency medical care under a period of up to 48 hours following an event.
WHO and PAHO suggests that the FFH should be operational on site within 24 hours and it should be
entirely self-sufficient, that is it should have sufficient power generation and medical supplies and
equipment.
2. Provide follow-up care for trauma cases, emergencies, routine health care and routine
emergencies, from day 3 to day 15. It is suggested that the FFH should be operational within 3-5 day.
The FFH should need minimal support from the local community; it should be almost self-sufficient
and restore water and power for critical facilities in the community. It is also desirable that the FFH
personnel should have some basic knowledge of the health situation, language and respect for the
culture.
3. Act as a temporary facility to substitute damaged installations pending final repair or
reconstruction, usually from second month to two years or more. The FFHs to serve as temporary
hospitals should be last sheet anchor when there is no other cost-effective alternative. The FFH
should have the appropriate standard, design for use until final reconstruction and have no additive
costs to the local community (WHO/PAHO, 2003).

2.2 Decision Support Systems (DSS)
Decision making in disaster situations is complex and there are issues regarding how to process
information in an effective way and how to a system for coordination between different types of
resources. The use of decision support systems is a way to apply structure and enhance human
cognition in such and many other situations. Research and development in DSS’s has been
conducted since the 1960’s (Keen, 1978). The definition of a DSS is ambiguous, but could in general
be broadly defined as “a computer-based system that aids the process of decision-making” (Finlay,
1994). The framework of a DSS can be divided into three components, a data management system, a
model management system and a dialog/interface management system (Sprague and Carlson, 1982).
The data management system stores data utilized in the system in a database. The model
12

management system handles the analytical modeling capabilities to be used on the data. The
dialog/interface management system handles the communication between the model and the
system.

2.3 GIS and Spatial Decision Support Systems (SDSS)
Spatial Decision Support Systems adds the component of GIS to the analytical modeling components
in DSS. Sugumaran and Degroote, 2011 identifies four necessary components in a SDSS (shown in
figure 2.1): A database management component (DBMC) handling storage of non-spatial and spatial
data, a model management component (MMC) that helps manage and integrate different models, a
dialog management component (DMC) to provide a mechanism for user interaction between all
components and provide a visual result of the analysis; and a stakeholder component (SC). The SC
discusses the role and interaction of experts, developers, analysts and decision-makers/end users in
the SDSS development and usage procedure. The DBMC and DMC are generally implemented inside
GIS Software such as ArcGIS and MapInfo; these types of software also provide MMC frameworks
that allow management of existing models/functions within each GIS application. One such
framework is ArcGIS´s Model Builder, as the toolsets used in these frameworks become more
sophisticated, the need for a separate model management components diminishes. The most
commonly used modeling technique is the one concerned with spatial multi-criteria decision making
(MCDM).

GIS
DMC

SC

DBMC
MMC
Figure 2.1 SDSS components

2.4 Multi Criteria Evaluation (MCE)
Multi Criteria Evaluation is a widely used MCDM method to aid decision making in situations where
choices have to be made with many different and competing factors, and provides a system to in a
consistent way deal with a large amount of complex information (Malczewski, 1999). The method
consists of a set of sub-processes (Eastman et al., 1995). These sub-processes can be divided into:




Problem definition
Criteria evaluation
Criteria standardization
13





Weight setting of different criteria
Criteria aggregation
Results analysis

2.4.1 Problem Definition
The MCE starts with recognizing and defining the problem. It is broadly defined as “the perceived
difference between the desired and existing states of a system” (Malczewski, 1999). Generally, the
problem should be defined to be clearly specified, measurable and time-bound.
2.4.2 Criteria Evaluation
A main concern is the evaluation of which criteria that needs to be assessed. These criteria should
reflect all concerns that are relevant to the problem. The needed detail level of the problem
definition affects which criteria that needs to be used. As a rule, more local problems require a
higher level of spatial detail. In the case where a certain criteria can´t be determined e.g. slant
stability, proxies like slope levels can be used as a substitute. All criteria are represented by their
respective map layer and can be of two types, evaluation criterion maps and constraint maps. Both
maps determine the spatial suitability levels concerned with each criterion over the problem area.
Evaluation criterion maps are based on thematic attributes in the domain of the criteria e.g. a criteria
of different land cover types would have attributes such as forested areas, mountain areas etc. the
criteria could either have a single attribute or multiple attributes. Constraint maps display spatial
limitations of a certain criteria.
2.4.3 Criteria Standardization, Weight-Setting and Aggregation
In order to make comparisons possible, a common scale for all criteria is necessary to produce
relative weights that express the importance of each criterion. Weight setting can for example be
conducted through simple ordered ranking or through pairwise comparisons (AHP). The criterion
maps are commonly aggregated through Weighted Linear Combination (WLC) described in chapter
2.4.5. Methods of standardizing scales depend on data characteristics. A common example is linear
standardization with the maximum and minimum criterion value as linearization points.

, where

is the original value and S is the standardization scale used.

2.4.4 Results Analysis
The last step is to consider the results of the MCE. Factors to take into account is the reliability of the
data, the choice of weighting procedure taken, uncertainties in the MCE-process such as the way the
criterion maps were standardized, how the results might change over time and how different criteria
might change in importance according to future events. A sensitivity analysis can also be made to
how the results changes when setting different weights.

14

2.4.5 Weighted Linear Combination (WLC)
WLC is a decision rule method in which different factors are standardized to fit a certain numeric
range and weights given based on the relative importance of each criterion (Malczewcki, 1999). The
factors are together with weights summarized to produce a final suitability map:
∏

∑

Where
is the Boolean score of each constraint map,
map layer.

is the weight of factor l and

is the factor

2.4.6 Analytic Hierarchy Process (AHP)
AHP was developed in the 1970´s by Thomas L. Saaty and is widely used for decision making in a
broad range of circumstances. The method deconstructs a final objective into a hierarchy with subfactors in different levels going from a broader to a narrower perspective, with the lowest level
generally being a set of alternatives (Saaty, 1990). These factors are then compared pairwise, either
in terms of measurements or judgments based on human opinion. A weighting process is then
applied to aggregate sub-factor comparisons and gives overall weights based on a ratio scale to each
of the alternatives with respect to the final objective. To elicitate judgments made of the pairwise
comparisons, the scale shown in table 2.2 is often used. The scale is based on studies conducted of
human capacity to process information (Miller, 1956). Though, the criteria involved in each subfactor should not differ too much from each other in importance; the scale ranges from 1 to 9 and
would thus not work well for comparisons beyond this scale (Forman and Gass, 2001). Because the
scale is a discrete set of values, the method does not sufficiently handle uncertainty in judgments
made by the user. This has led to enhancements incorporating fuzzy set theory. An example of an
AHP structure is shown in figure 2.2.

15

Figure 2.2 An example of an AHP hierarchy structure

The judgments made on the pairs of factors C are represented by an n x n comparison matrix (see
table 2.1), where each judgment entry a, is put into the left side of the diagonal, and its reciprocal
value into the right side of the diagonal.
Table 2.1 Matrix showing the AHP comparison matrix

1
⁄

⁄

1

⁄

1

Relative weights are then derived by calculating the principal eigenvector for the given matrix,
different methods for doing this exists; in many cases the following approximate method is
conducted to produce a normalized principal eigenvector:




The values in each column of the comparison matrix are summarized.
Each element is divided by the sum of its column
The geometric mean over each row is calculated
16

The individual judgments made between all factors will likely not agree perfectly, a consistency ratio
can be calculated to check for logical fallacies and indicate the probability that the judgments have
been generated randomly (Saaty, 1990). A consistency ratio above 0.10 indicates that judgments
need to be revised.
In the context of weight-setting of spatial factors, AHP is generally used to provide weights for the
WLC method.
Table 2.2 Scale used for pairwise comparisons in the AHP (Saaty, 1990)
Absolute importance level
1

Definition
Equal importance

3

7

Moderate importance of
one factor over another
Essential or strong
importance
Very strong importance

9

Extreme importance

2,4,6,8

Intermediate values
between two adjacent
judgments

5

Explanation
Two activities contribute equally to the
objective
Experience and judgment strongly favor
on activity over another
Experience and judgment strongly favor
one activity over another
An activity is strongly favored and its
dominance demonstrated in practice
The evidence favoring one activity over
another is of the highest possible order
of affirmation
When compromise is needed

2.5 Disaster Management
Disaster management is the organization and management of resources and responsibilities for
dealing with all aspects of disasters. It involves plans, structures and arrangements established to
manage the disasters in a complete and coordinated way (Erden and Coskun, 2012).
The role of disaster management activities can be divided into four categories; mitigation,
preparedness, response and recovery, see figure 2.3. Mitigation and preparedness are preemergency activities while response and recovery are considered during and post-emergency
activities (Erden and Coskun, 2012).


Mitigation deals with disasters to prevent or reduce losses. Geospatial resources can inform
mitigation planners in many ways, most importantly by visualizing data. Geospatial analysis
can support benefit-cost analysis by comparing the cost of changes.



Preparedness is planning and enhancing response activities for managing disasters. This
category includes identifying data requirements, developing datasets and also developing
foundation data on infrastructure, hazards and risks. Geospatial tools can be used to display
the distribution of hazards and risks which exists now or will be potentially existent in the
future scenarios.
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Response begins immediately following an event and examples include mass evacuation,
providing medical care, search and rescue, firefighting, containing the hazard and protecting
property and the environment. Geospatial tools can be used to provide damage estimates.



Recovery continues after the event to restore conditions to a pre-disaster state (both short
and long-term activities). Geospatial tools can be used to help managers direct the recovery
process, tracking the progress of repairs, locating populations etc.

Figure 2.3 The emergency management life cycle (Goodchild et al., 2005)
Maps and GIS are main geospatial tools in disaster management. They can be used to display
locations of available resources on a base map such as schools, hospitals and airports. Mapping the
locations of disaster response teams is also very important in coordinating response.
Also other detailed maps take a role in disaster management. Through disaster maps, disaster
managers are able to document the details of spatial relationships and the changing elements of the
disasters to control and mitigate the effects of the disasters. The mapping action takes part in the
pre-disaster phase, response phase, loss and damage assessment phase, preparedness phase etc.
(Erden and Coskun , 2012).

2.6 Geospatial Data Used in Disaster Management
2.6.1 Field Hospital Placing Specifically
To our knowledge, the only study conducted in this matter is a KTH master thesis by M. Rydén, 2011.
The study examined possibly suitable locations for FFHs in a shorter and longer time perspective,
using Haut-Katanga in DR Congo. A MCE method was used to combine infrastructure, satellite and
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other data to produce a suitability map. The study concluded the benefits of using these types of
suitability maps as time and effort-saving. The scale of the suitability maps produced is rather small
due to coverage of a large area; therefore a specific suitable location the size of an FFH cannot be
pin-pointed.
2.6.2 General Case
Remote Sensing Data
The role of remote sensing data is significant in disaster management as it can provide the quickest
way of making an assessment on a given situations. Remote sensing data has been used in a host of
disaster applications, among them assessment of damage which is presented in chapter 4.3. Other
important applications include flood mapping, wildfire and hurricane tracking.
GIS Based Temporal Sheltering Optimization
K Naghdi et al., 2008, did a study to find temporal shelters during a disaster event, using Remote
Sensing and GIS techniques. The process was carried out in three steps; determination of safe areas,
determination of optimum path between building blocks and safe areas and grouping building blocks
relating to each safe area. Safe areas were extracted by searching for areas of low image variance
and high Normalized Difference Vegetation Index (NDVI) values through satellite imagery. Shortest
straight paths were then generated and finally combined with the safe areas to produce an
optimized shelter map.
Flood mapping
Flood maps are sometimes created without the use of remote sensing data, one such example is
(Yahaya et al., 2010), where MCE was used to find areas vulnerable to flooding. Data containing
information precipitation, land cover, drainage network of river basins, basin slopes and soil type was
used in an AHP weighting scheme.
Geospatial data used in relief efforts
Use of Geospatial data played a significant role in the relief effort of the FBO Samaritan´s Purse.
Elevation and drainage maps were used to help the placement of water filtration units. Using satellite
and aerial imagery, locations of IDP (Internally Displacement Person) camps could be identified for
distribution of relief material. GIS was used as a site selection method to locate suitable areas for
shelters. Sites were chosen using factors such as proximity to IDP camps, nearby water sources and
access to road network. (Eisman, 2011)
The International Committee of the Red Cross (ICRC) used geospatial data in its relief efforts
following the hurricanes Katrina and Rita. The distribution of personnel, equipment and other
resources were assessed using GIS generated maps in the preplanning process prior to the arrival of
the hurricane. Counties at risk were identified as well as counties that would be able to serve as
shelters, supply centers etc. Damage assessments made from remote sensing imagery, hurricane
wind field maps, demographical distribution maps and other impact assessment maps were created
after hurricane arrival. An internal web mapping application was also produced using ArcIMS, where
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Red Cross employees could log in and select map layers for damaged and flooded areas, affected ZIP
codes, shelters etc. to get an overall view of the situation. (ESRI, 2005)
USAID has started the Geospatial Center agency to increase agency-wide mapping capacity. The
Agency worked in Haiti to map areas in need of rubble removal. These maps were also combined
with damage density maps to be able to concentrate efforts in areas with the most damage.
Geospatial data was also created during the cholera outbreak to show movement of illness across
the country together with cholera treatment center locations and rehydration points. An example of
a map is shown in figure 2.4 (Lindholm and Blevins, 2011).

Figure 2.4. USAID map visualizing rubble density and removal activities (Lindholm and Blevins, 2011)
Road Network Data
Road accessibility is a crucial factor in disaster management. During the disaster event in Haiti, the
University of Heidelberg developed a web-based routing service, see figure 2.5. The routing service
utilized OSM data to provide information on the best available point to point route while taking into
account road blockages and areas of reduced accessibility, for example by using road accessibility
data produced by UNOSAT. The routing service was dynamic and provided hourly updates of road
network coverage and the road accessibility situation.
In a study by the JRC, OSM and UNITAR/UNOSAT data was used in combining the concepts of graph
theory with GIS spatial analysis (JRC, 2010). UNITAR/UNOSAT blockage data was used to cut off road
network lines as a means of representing the disruption caused by the earthquake, see figure 2.6. By
doing so, the impossibility of travelling freely across certain roads and isolated dwelling blocks
difficult to reach for emergency personal was identified. Raster-based GIS-analysis was conducted to
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produce cost surface maps illustrating differences in accessibility in a pre- and post-earthquake
situation.

Figure 2.5 Open Route Service provided during the Haiti earthquake, rings show blockages and
reduced accessibility (University of Heidelberg, 2012)

Figure 2.6 Damaged network with isolated roads and reduced accessibility index (JRC, 2010)
GIS and Emergency Management in Indian Ocean Earthquake/Tsunami Disaster
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After the Indian Ocean Earthquake / Tsunami Disaster in 2006 GIS technology were used to support
the Indian Ocean tsunami relief efforts. After the event, ESRI served as a facilitator of information
and in the paper “GIS and Emergency Management in Indian Ocean Earthquake/Tsunami Disaster”
ESRI underscore the challenges of data sharing in a dynamic environment (ESRI, 2006).
The conclusion of the study paper was that ESRI should consider development for emergency
situations such as a special emergency installation package, common workspace environment and
merging different versions of the software. A problem encountered after this disaster was that
several organizations were working on the same type of information which created duplicates of
information and also lead to time waste.
A few suggestions of GIS technology to be used in disaster management are mentioned. MapAction
which is a charity with base in the United Kingdom that deploys staff to disaster areas, but the predisaster data is gathered and analyzed at the UK base.
Another technology mentioned is the use of satellite communications-observations data. The mobile
GIS mapping and GPS connected to the hardware servers and data enables the established command
center to reach decision makers, the media and other information users (ESRI, 2006).
Australia-based company Maptel is developing command map, a new system incorporating the use
of GIS technology in real time with wireless technology to provide dynamic data exchange from field
team to command center and other emergency service providers.
Mobile GIS data
Mobile GIS is a surveying system that allows capturing, storing and analyzing geospatial data in the
field through use of mobile devices such as tablets, cell phones etc. The system generally
incorporates GPS, wireless internet communication and photo capture capabilities, and is in terms of
the equipment a cost effective data collection method. It can also be a way to provide damage
assessment under circumstances where satellite imagery damage assessments cannot be done due
to persistent cloud cover.
Mobile GIS Application Development for Emergency Damage Assessment in a Disaster
A study was made by Tonosaki et al., 2010 of the development of PDA/GPS applications to streamline
emergency damage assessment in earthquake-stricken areas. During the 2004 Niigata Chuetsu
earthquake, two types of applications were created. The first calculates a damage determination
result from inputs of many different users and the second handles the inputting of inspection results
directly in field, see figure 2.7.
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Figure 2.7 PDA damage assessment applications

2.7 Spatial Decision Support Systems for Disaster Management
SDSS provide the essential information for decision makers when decisions involve location. E.g.
determine evacuation routes, choosing optimal location of response teams or allocating evacuees to
shelters (Erden and Coskun, 2012).
2.7.1 SDSS Developed for Field Hospital Placing Specifically
SDSSs are developed for many different disaster situations such as evacuation of people in terrorist
attacks, route alternatives in case of traffic accidents etc. What has become clear is that there is no
SDSS developed for placement of FFH.
2.7.2 General Use and Research of SDSS
Applications of Spatial Data Infrastructure in Disaster Management
H. Samadi Alinia and M.R. Delevar write in the paper “Applications of Spatial Data Infrastructure in
Disaster Management” about a SDSS to be used in Tehran, the capital of Iran. The country has
several known and unknown active faults which evokes earthquakes and creates human settlements.
The general process of the system is shown in figure 2.8.
The problem with creating the SDSS has involved availability of, and accessibility to reliable, up-todate and accurate geospatial data, which is crucial to react to and manage a disaster situation
(Samadi Alinia and Delavar, 2012). In the paper gathering data and providing crisis maps, evacuation
routes, evacuation shelters to early damage assessments and dispatching of resources in emergency
are lifted as of prime importance for an effective rescue operation. To do this it is suggested that a
Spatial Data Infrastructure (SDI) will provide accessing and sharing up-to-date maps and tables
between responsible organizations to response to the disaster in emergency situations in short time.
The notion of data infrastructure for geospatial data first occurred in early 1980s in Canada and the
key purpose of the SDI is to improve the availability, accessibility and applicability of spatial
information for decision-making. Data mentioned in the paper to be needed in the disaster
management for earthquakes are inventory of land parcels with their ownership affected by the
earthquake and magnitude of damage to the infrastructure (Samadi Alinia and Delavar, 2012).
23

A centralized database in an emergency operation center should be created where each responsible
organization related to the database separately, should update the rescue map and utilize operation
center with updated information.

Figure 2.8 General process for site selection of rescue centers (Samadi Alinia and Delavar, 2012)
Interactive, Intelligent, Spatial Information System (IISIS)
The Interactive, Intelligent, Spatial Information System (IISIS) is a prototype decision support system
designed by Center for Disaster Management at GSPIA at University of Pittsburgh in cooperation with
practicing emergency managers. The goal of the IISIS is to improve interactive communication,
coordination and collective action among organizations in communities exposed to shared risk,
including earthquakes, flooding etc.
The research is built on insights received from direct observation on disaster preparedness, response
operations and recovery in communities at risk. By enhancing the capacity of individuals,
organizations and systems to seek and exchange information, the IISIS prototype raises a continuous
process of learning to support disaster risk reduction and management (Center for Disaster
Management, 2012).
Emergency Response Management and Information System (ERMIS)
Most of the emergency situations in the city of Madurai in India arise due to road and fire accidents.
A study was made with the aim to develop an efficient GIS Emergency Response Management and
Information system called ERMIS. ERMIS is to help with improvement of emergency recovery
through solving the routing problems when a critical situation occurs on the Madurai road networks.
A GIS database was set up with spatial information about transportation network, accident locations,
hospitals, ambulance locations, police and fire stations and a spatial analysis was carried out with
accident records of years 2004-2008 to map the accident risk zones.
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The study turned out well and is as of 2010 in use by traffic control authorities, emergency service
providers, policemen and any common man can use the system without any prior GIS software
proficiency (Ganeshkumar, et al., 2010).
Emergency Care: A Web-based Spatial System Assist Patient Evacuation during a Mass Casualty
After the terrorist attack September 11, 2011 it became evident within the medical community that
existing strategy for managing mass casualty incidents were insufficient when dealing with large scale
terrorist attacks (GeoPlace, 2011).
In the article “Emergency Care: A Web-based Spatial System Assist Patient Evacuation during a Mass
Casualty” published in GeoWorld 2011 the author O. Amram suggest the use of a SDSS to support the
decision making leading to the choice of appropriate evacuation hospitals, see figure 2.9.
Such a SDSS has been developed for the Vancouver, British Columbia, area to provide accurate
estimate of driving time between a particular incident location and each of the hospitals in the
community. With respect to bed capacity, the goal was also to provide up-to-date information by
enabling two-way communication between hospitals and paramedics through the SDSS. The data
used in the SDSS was the road network of Vancouver and hospital locations (GeoPlace, 2011).

Figure 2.9 Illustration of the data flow among MCI locations and hospitals (GeoWorld, 2011)
Health Resources Availability Mapping System (HeRAMS)
HeRAMS is an information system developed by WHO to aid in collection and analysis of information
about health resources and locations and to provide information on type of point of delivery and
level of care. Geospatial data such as the exact locations of health facilities are incorporated in the
system. The aim is to improve the coordination of different groups involved in the health care
process (WHO, 2009).
A Decision Support System for Preventive Evacuation of People
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The University of Twente has developed a decision support system for analyzing the process of
preventive evacuation of people in the Netherlands. The Netherlands have a very high flood risk and
the Ministry of Transport, Public Work and Water has asked for the system, named Evacuation
Calculator (EC) to be developed. The main objectives with the EC development were to safely
estimate the evacuation time and to support the development of evacuation planning. The EC makes
distinction between four types of traffic management scenarios: reference, nearest exit, traffic
management and out-flow areas (Zuilekom et al., 2005).
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3 Study Area
Haiti was prior to the earthquake known as one of the poorest and most densely populated countries
in the world (US Army Corps of Engineers, 1999). The country had an estimated population of 8.4
million people as of 2007 and Haiti had like other countries experienced rapid urban growth, even
though there was no urban job creation. Haiti is experiencing a “premature urbanization” where the
agricultural sector is not productive and the urban areas are not creating any economic growth. The
capital city Port Au Prince is annually growing with 5 percent and 2007 a fourth of the Haiti
population lived in the capital (USAID, 2007).
The earthquake struck Haiti on 12th January 2010 17 km south west of the capital Port Au Prince and
affected the areas of Port Au Prince as well as in the towns Lèogâne, Jacmel and Petit-Goâve. The
earthquake affected roughly 1.5 million people, i.e. 15% of the population. The epicenter of the
earthquake in figure 3.1. According to national authorities more then 300 000 died and as many were
injured. About 1.3 million people were living in temporary shelters in the Port Au Prince area and
over 600 000 people left the affected areas to seek shelters in other places around the country (Haiti
Government, 2010). On 20th January 2010 the largest aftershocks was recorded at a magnitude of
6.1, 56 km north-west of the capitol (BBC News, 2010). Between these two events over 52
aftershocks of magnitude 4.5 or greater has been recorded by the U.S. Geological Survey (New York
Daily Times, 2010).

Figure 3.1 Map showing epicenter of the earthquake (SERVIR, 2012)

3.1 Environment
Haiti has a tropical climate where the rain season runs from April to June and October to November
during the cyclonic season. In the northern winter season polar fronts can also produce significant
rainfall. During these periods the atmospheric processes can be intense and cause either droughts or
heavy rains followed by flooding. As a result of this climate variability hazards of various intensity
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scales are frequently associated with Haiti and originate from various types of tropical and
subtropical atmospheric processes. The topographic and hydrographic configuration of the country
increases its vulnerability to these hazards and especially the low lying areas in Haiti are exposed to
various levels of hazards (Mora et al., 2010).
Most of the cities in Haiti lie close to the coastline and the lack of storm water drainage systems
produces serious flooding and in some cases also tsunamis. Only between the years 1992 and 1998,
there were 12 serious flood events which resulted in loss of people and property. Because of the
urbanization and that more citizen are moving in to the capital Port Au Prince, uncontrolled housing
construction has ended up in large numbers of dwellings in flood plains. This fact together with poor
materials and construction techniques exposes many residents to serious danger when floods occur
(US Army Corps of Engineers, 1999).

3.2 Water Sources
In 1990 only 39 percent of the 5.9 million residents living in Haiti had adequate access to water and
only 24 percent to sanitation (US Army Corps of Engineers, 1999).
Water supply is provided by three Government agencies, several non-government organizations
along with various private and religious relief groups. In 1996 the MTPTC (Ministry of public Works,
Transport and Communications) created the unit URSEP to reform the water supply sector but the
limiting factors has been lack of finances. The lack of drinkable water is one of the most crucial
problems in the country and even though the country suffers from heavy rainfalls that meet the
water demands, proper management to develop and maintain the water supply requirements is
missing.
Two other factors that relate to the water issue are deforestation and pollution. Pollution of surface
water and shallow ground water aquifers are widespread throughout the country and there is as of
1999 no public system for the collection of wastewater (US Army Corps of Engineers, 1999).
Access to clean water is crucial for every medical health center and therefore it should be considered
when finding an optimum location. However, according to WHO-PAHO (WHO/PAHO, 2003)
emergency FFH should be self-sufficient when it comes to water and power. When it comes to FFH
that are to stay for several months WHO-PAHO suggests that they should be located near facilities
that can provide water.

3.3 Infrastructure
Prior to the earthquake in Haiti there was a lack of decent infrastructure in Haiti. The Haiti
Government described in the report ‘Transport Routier’ from 2004 that 10 percent of the roads are
in good condition and that 80 percent of the road network is in bad or very bad condition (Haiti
Special Envoy, 2012). The absence of a good road network is a major challenge for Haiti and it is
essential for the recovery of the economy and the general deployment of the country.
Several organizations are working with strategies in Haiti.
The government has the lead in the coordination through the “Table Sectorielle Infrastructures”
(working group for Infrastructure/Transport). An Agence Francaise de Dèveloppement (AFD)-funded
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consultant has developed a strategy for the institutional strengthening on the MTPTC and in 2007 the
National Transport Plan for Haiti was updated by foundation by the European Union. Since there is
no comprehensive strategy different “priority lists” has been put together for the sector and can be
summarized into Government priorities and International Community Priorities.
Still, the biggest problem regarding infrastructure is the lack of funding and of qualified human
resources. Haiti is subject to hurricanes and torrential rainfall and therefore road buildings and
maintenance can have a high construction cost (Haiti Special Envoy, 2012).
Many buildings in the affected area were severely damaged by the earthquake. Most of the buildings
were built with reinforced concrete frame but with little seismic reinforcement and therefore the
earthquake movement made the buildings and infrastructure collapse (CNN, 2010). 105 000 homes
are estimated to have been completely destroyed and more than 208 000 damaged. Part of the Port
Au Prince main port was not operational after the earthquake and most of the Ministry and public
administration buildings were destroyed (Haiti Government, 2010).

3.4 Energy Plan
In November 2006 the MTPTH, published a “Haiti Energy Sector Development Plan” to take in action
2007.
Haiti was in 2006 self-sufficient for about 80 % of its energy needs and it was filled by domestic
biomass fuel and some hydro-electrical sources. Haiti then stood facing a severe energy crisis
including a low per capita consumption, insufficient development of the manufacture industry
sector, excessive biomass use leading to high levels of deforestation and land degradation and
increasing population growth.
In the households mostly fuel wood and charcoal were used mainly for cooking which would cause
further deforestation of the country.
The energy plan suggested had some priority objectives for the public utility such as a management
contract with clear performance targets for the company, maintaining electrical service for at least
12 hours per day in the Port Au Prince area, reduction of fraud and theft of electricity, improve the
production and distribution of electricity in the country etc. (MTPTC, 2006).

3.5 Health Structure
Haiti’s health system is made up of the public sector, the private for-profit sector, the mixed nonprofit sector and the traditional sector. The public sector consists of the Ministry of Public Health and
Population (MSPP) and Ministry of Social Affairs. The private for-profit sector includes all health
professionals in private practice, working in clinics or on their own. All health system facilities are
administered and coordinated by the MSPP (PAHO, 2007). But because of the large number of actors
and stakeholders in the public health sector it is difficult for the MSPP to provide the coordination,
management and an appropriate regulation system.
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Haiti’s country wide health structure provides care to only 47 % of the population, due to geographic
or financial barriers. The private sector, mainly non-profit providers, is extremely important for the
country. Many of the health centers are managed by either Non-Governmental Organizations (NGOs)
or by Faith-Based Organizations (FBOs) (Global Emergency Relief, 2012).
The effects of the earthquake were devastating on the health sector. In the most affected areas 60%
of the hospitals were severely damaged or completely destroyed. With all people leaving the
affected areas it has increased the need for medical care in other geographical areas (Global
Emergency Relief, 2012).

3.6 Airports
There are six airports capable of handling larger size aircraft in Haiti, serving the larger cities Cap
Haitien, Jacmel, Jeremie, Les Cayes, Port Au Prince and Port De Paix but only two of the airports are
paved (Aircraft Charter World, 2012).
In the 2010 earthquake the airport in Port Au Prince was severely damaged. The control tower was
damaged although the runway was still intact (The New York Times, 2010). The airport in Jacmel was
after the earthquake operated by the Canadian military which upgraded the airport with lights and
radar systems to reduce the congestion at the Port Au Prince airport (The Globe and Mail, 2010).
Instead of landing in Port Au Prince many planes turned to the airport in Jacmel which was also
reinforced for that purpose. Many relief organizations also used the Dominican Airport in Santo
Domingo and then went by car or truck cross the border (OCHA situation report #28, 2010).
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4 Data Collection
A summary of main data sources will first be described. Thereafter comes a summary of the different
data collected and at the end of the chapter comes an outline of all data used.

4.1 Overview of Main Data Sources
Some efforts to coordinate use and availability of geospatial data have been made, either in form of
published datasets, or links on their website. Below follows a summary of a few of these
organizations and communities in table 4.1.
Table 4.1 Sample of entities involved in geospatial data coordination
Organization / Community
GDACS

Geocommons

Google Map Maker

Haitidata.org

MapAction

OpenStreetMap
Reliefweb

UN Spider

Description
GDACS is a cooperation framework between the
United Nations, the European Commission and
disaster managers worldwide to improve alerts,
information exchange and coordination in the
first phase after major sudden- onset disasters.
Geocommons is a public community of users
who are building an open repository of data and
maps for the world. It allows access to access,
visualize and analyze the data.
For the earthquake in Haiti data over population,
damage, hospitals etc. can be found.
A Google-developed community similar to OSM.
Post-earthquake data for Haiti can be obtained
by signing an application form.
A website with the purpose to facilitate open
access to Haiti related geo-spatial information,
data and knowledge sources. This website has
collected from organizations such as CNIGS,
UNOSAT and JRC.
An NGO deploying humanitarian crisis teams
trained in information management and
mapping at disaster events.
An open-source crowd-sourcing community that
aims to provide freely available geospatial data.
Reliefweb is administered by OCHA and its goal
is to “be a source for timely, reliable and
relevant humanitarian information and analysis”
and to “help make sense of humanitarian crises
worldwide”. Data on their website are collected
from international and non-governmental
organizations, governments, research
institutions and the media for news, reports,
press releases etc. (Reliefweb, 2011).
The United Nations platform for Space-based
information for disaster management and
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emergency response. After the earthquake in
Haiti 2010 they have published links to
organizations and others which have published
data concerning the event. Most of the
organizations described below are to be found
as links on UN spider.
In 2007 USDA released a report “Geospatial Data
Availability for Haiti” which documents the
geospatial data available for Haiti at that time
(USDA, 2007).
Non-profit company developing open-source
applications for information collection and
visualization to allow crowd-sourcing of crisis
information.

USDA

USHAHIDI

These sources have been frequently used in the search for available data.

4.2 Satellite Images
Almost immediately after the disaster, high-resolution satellite imagery was available to provide a
first glimpse of the damage caused by the earthquake. These images made it possible for remote
sensing experts from around the world to provide comprehensive and rapid assessments of building
damage, infrastructure damages but also locations of internally displaced people (IDPs). Some of the
imagery were also made available free of charge. The first imagery was collected by GeoEye with a 50
cm spatial resolution and it was also the basis for many of the initial building damage assessments
(Corbane et al., 2010). All satellite images acquired shortly after the earthquake are listed in table
4.2.
Table 4.2 Satellite images acquired after the earthquake (UN-spider, 2010)
Satellite
Tasking
No
1
2

Satellite

3

ALOS

4

DigitalGlobe
World View
1

SPOT 5
BJ-1

World view 2

Sensor

SensonML (red
band/infrared
band)
AVNIR-2
PALSAR
AVNIR-2
PRISM
PAN

Time(UTC)

Area

14-19 Jan
13 Jan

Port Au Prince
Port Au Prince

13 Jan
16 Jan
23 Jan
23 Jan
23 Jan
Multiple dates
13 Jan
14 Jan
Multiple collection
dates
14 Jan

Mapping entire
region

Port au Prince
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5

Quickbird

6

Ikonos

7

GeoEye -1

8
9

CosmoSkymed
Formosat-2

10

Radarsat-2

11

HJ-1-A/B

12

RapidEye

13
14

EO-1
EROS-B

Multiple collection
dates
Multiple collection
dates
14 Jan
15 Jan
17 Jan
13 Jan
16 Jan
18 Jan
15 jan

CCD, Hyper
spectral camera,
infrared camera

Port Au Prince

13 Jan
14 Jan
15 Jan
16 Jan
17 Jan
14 Jan
15 Jan
14 Jan

Port Au Prince

13 Jan
14 Jan
15-17 Jan
15 Jan
17 Jan

Full country
coverage

Port Au Prince

Port Au Prince
Port Au Prince

4.3 Damage Map
Several organizations produced damage maps and published damage data after the earthquake
2010. How the data is produced and what it is based on is different depending on the organization.
Below follows a summary and description of the different data found.
4.3.1 United Nations Cartographic Section
The first found damage map was produced by United Nations Cartographic Section in association
with G MOSAIC and German Aerospace center and was published 13th of January, the day after the
earthquake, see figure 4.1. The damage assessment map was covering the area of Port Au Prince and
its close surroundings.
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Figure 4.1 Damage map over Port Au Prince by United Nations Cartographic Section, published 201001-13 (Reliefweb, 2012)
This map was created using an automatic method of detecting changes between a reference image
and a current image (GMES, 2012a). The image used was the GEOEYE- 1 acquired 2010-01-13.

4.3.2 UNITAR/UNOSAT

UNITAR/UNOSAT has published both static maps as well as GIS data regarding damage assessment.
The maps were published by UNITAR/UNOSAT but represents a joint analysis by the
UNITAR/UNOSAT, EC JRC and the World Bank (WB). The static maps were published earlier than the
GIS data. The first static damage maps published covered the area of Port au Prince and was based
on the World View 2 satellite image acquired at 2010-01-14, see figure 4.3.
The digital data has been released in several versions and modified in between the different releases
as well. The first version of the digital data base was last modified on 2010-01-28 and contains
damage assessmnet information in Carrefour. The last version of the UNITAR/UNOSAT damage
assessment data was published 2010-02-23 and is covering several cities in Haiti.
Both static and digital types of damage data were produced in the same way. Satellite images
(GEOEYE and Digital Globe) or aerial images (World Bank, Google and NOAA) were used, depending
on which part of the country was analyzed, and individual buidlings were compared with preearthquake images. The buildings were individually analyzed and categorized into the five classes
destruction, very heavy damage, substantial to heavy damage, moderate damage and no visible
neglible to slight damage based on the European Macroseismic Scale (EMS – 98), see figure 4.2
(UNITAR, 2012).
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Figure 4.2 The European Macroseismic Scale (EMS-98), measures the degree of damage on each
building (GFZ Potsdam, 1998)

35

Figure 4.3 First damage map over Port Au Prince by UNITAR/UNOSAT published 2010-01-15 (UNITAR,
2012)

4.3.3 JRC – Joint Research Center
JRC also published a digital dataset on 2010-01-15, see figure 4.4. The JRC effort divided the study
region into a series of grid cells, where the grid size was based on the image resolution and the size
of detectable damage objects. The whole study area was divided into different clusters with equal
distribution of the workload and the clusters where then given to analysts whom had been given
training in examples of previous earthquake damage. To be able to check the result of the
interpretation a separate random sample of grid cells was distributed as a control sample that were
interpreted by at least two different analysts.
The most difficult cases that appeared in the interpretation were the limitations in the vertical
perspetive inherent to the aerial or satellite photography (Corbane et al., 2010).
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Figure 4.4 Map visualizing the JRC damage dataset
4.3.4 G MOSAIC
G MOSAIC is a EU-funded project responsible for the development of the pre-operational GMES
security service (GMES, 2012b). Following the Haiti earthquake G MOSAIC was activated by the UN
DFS, Italian Ministry of Foreigh Affairs, Spanish Red Cross and the Italian Ministry of Defense. As early
as on 2010-01-16 they published preliminar digital data on damage assessment and trafficability
analysis and on 2010-01-18 an update complete version was published, see figure 4.5 and 4.6 (G
MOSAIC, 2010). Within the G MOSAIC project in Haiti, the Rapid Geospatial Reporting (RGR) service
provided users with what they considered relevant information in the context of the crisis. The rapid
damage assessment analysis was performed by automatic change detection on both pre- and postevent imagery (GMES, 2012a).

Figure 4.5 Damage assessment over Port Au Prince made by E-GEOS (G MOSAIC, 2010)
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The trafficability analysis is important for logistics distribution in a hazardous area. E-GEOS has based
their analysis on both terrian elevation and land cover information as well as visual analysis. The
analysis was performed semi-automatically and all roads were classified into not available, free of
obstacles, transit is very limited or street is totally blocked (GMES, 2012a).

Figure 4.6 Trafficability analysis in Port Au Prince by E-GEOS
Green-free to go, Orange – partial go, red-no go (G MOSAIC, 2010)
4.3.5 ITHACA
ITHACA is another organization that also early published damage assessment maps. The first map
was published on 2010-01-14, was based on the GeoEye satellite image from 2010-01-13 and
covered the area of Port Au Prince. The map was based on satellite image visual interpretation and
was not validated in field. ITHACA was also early in publishing a map that showed damaged areas
throughout Haiti on 2010-01-18, see figure 4.7 (ITHACA, 2012). Data for the last map is gathered
from individuals who have experienced the quake and have then been given intensity based on the
location.
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Figure 4.7 Damage map covering all of Haiti made by ITHACA, published 2010-01-18 (ITHACA, 2012)

4.4 Land Use / Cover
A land cover map covering Port Au Prince was found in the UNITAR/UNOSAT geodatabase. The
dataset contained 14 different classes. The Map Maker data included two layers with polygons
associated with land use. These categories where e.g. school grounds, stadium grounds, football
grounds, agriculture. No suitable land use data covering the whole area of the affected disaster could
be found. A land use map was therefore produced from a set of six Landsat 7 images as well as a high
resolution RGB GeoEye image. All Landsat images used are listed in table 4.4 and the mosaic result is
shown in figure 4.8.

Table 4.4 Set of Landsat 7 images used for classification
Name
L71008046_04620021226
L71008047_04720000103
L71008048_04820011207
L71009046_04620020131
L71009047_04720000110
L71010047_04720021208

Date
2002-12-26
2000-01-03
2001-12-07
2002-01-31
2000-01-10
2002-12-08
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Figure 4.8 Landsat images

4.5 FFH
There is no comprehensive compilation of locations of FFH´s present during the disaster event. Some
locations were derived from mail correspondence. Still; the main collection of location information
was done using search key words in Google. A list of organizations and countries involved in the
establishment of FFH´s has been compiled in a study conducted by Gerdin et al, 2012. This study was
used to enhance Google search terms.

4.6 Roads
4.6.1 MINUSTAH
The United Nations Stabilization Mission in Haiti together with the UN Cartographic Section. Data
could be accessed from G MOSAIC 15-01-2010.
4.6.2 Open Street Map (OSM)
The OpenStreetMap crowd-sourcing community established a fairly comprehensive routable road
map in a relatively short time frame. Only weekly historical OSM extractions are available. The
extractions available relatively closely to the earthquake event are from 13/01/10 and 20/01/10
respectively. Since the detail level of the former extraction is too insufficient to be relevant in the
MCE-analysis, the only usable choice is the latter.
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4.6.3 Google Map Maker
The Google Map Maker dataset contains information about elevation, surface and average speed for
certain roads. The publishing date of the particular dataset collected for this thesis is unclear.
4.6.4 Comparison
Comparisons were made by creating an 800 m by 800 m grid mask encompassing the boundaries of
Haiti. The summary road length in each grid cell was calculated for both data sources respectively.
Through use of spatial queries, cells were given a value corresponding to the data source with the
highest amount of road length for each cell. Although this process does not review the absolute or
relative positional accuracy of the datasets, it gives an estimation of where each data source
produces the most coverage. Figure 4.9 indicates that the 20/01/2010 extraction of OSM road data
provides more cover in urban areas whereas the MINUSTAH road data provide more information in
rural areas, whereas Google Map Maker lies somewhere between in overall coverage, with more
coverage particularly in the northern parts.

Figure 4.9 Road coverage comparison
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4.7 Hospitals
A complete list with data over existing hospitals and medical center that was published before the
earthquake was very hard to find. On January 29th 2010 there was a list published, which contained
all health facilities covering all of Haiti. The list is a collection of data from MSPP 2005, MSPP 2009,
USAID, OFDA, US Health and Human Services, WHO, Ushahidi, UN/MINUSTAH, Sahana Foundation,
PEPFAR and PAHO and it was put together after the earthquake (Haiti Health facilities, 2010).

4.8 Population
4.8.1 US Census Bureau Demobase Population Grid
The Demobase population estimates was made available a day after the disaster event and consists
of a 100 meter scale grid produced using a supervised classification regression tree (CART) method to
create a map of impervious surfaces based on IKONOS and Quickbird training areas and Landsat
ETM+ imagery. Population data was then mapped dasymmetrically using 2003 census data as a base
(Azar et al, 2010).
4.8.2 Gridded Population of the World (GPW)
The GPW was originally developed by the National Center for Geographic Information Analysis
(NCGIA) in 1995 (Tobler et al., 1995), based exclusively on population estimates within the smallest
administrative units available for each country. CIESIN has later developed refined versions in 2000
and 2005 respectively by using more detailed administrative units. The last version called GPWv3
contains population data for 1990, 1995 and 2000. Due to discrepancies in data collection, the GPW
population data differs from the UN population estimates.
4.8.2 Global Rural-Urban Mapping Project (GRUMP)
Using GPW as a foundation, CIESIN, IFPRI, CIAT and the WB began the construction of GRUMP in year
2000 to produce a three different datasets based primarily on urban settlement extents, population
data and night time lights (Balk et al, 2004). The datasets consists of an urban extents database or
mask, an Urban-Rural population grid at 1 arc-second resolution, and a human settlements database.
4.8.3 LandScan
LandScan was developed by The Oak Ridge National Laboratories in 1998 to provide population data
for use in emergency situations to be able to estimate population distributions in disaster events
(FAO, 2005). It relies on an automatic processing method to derive ambient- instead of residential
population, this to assess where people are likely to be at average during any time of day. The data is
available in raster format with 30 arc-second cell resolution. The population data is mainly collected
from US Census Bureau census counts and dasymmetrically mapped to features such as roads, slope,
land cover, urban areas etc. (Dobson et al, 2000). Different weights are assigned to the features
based on socioeconomic and cultural understandings of different areas.
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4.8.4 Cell Phone Network Data
A study to model population movements during the Haiti Earthquake has been done by (Bengtsson
et al, 2011). A call connects through a certain cell phone tower. Each Cell phone can then be tracked
with the accuracy of the tower coverage as new calls are made from different locations. A
considerable benefit is that the data is dynamic; however, the accuracy depends on the occurrence
of cell towers in the area.
Table 4.5 below shows a comparison in terms of resolution and datum between the four population
datasets.
Table 4.5 Comparison between the population data (LandScan, 2012, CIESIN, 2012)
US Census Bureau Demobase
Spatial Resolution ~100 m
at equator (m)
Horizontal Datum WGS84 TM
Ref.

Landscan
~1 km

GPWv3
~5km

GRUMPv1
~1 km

WGS84

WGS84

WGS84

4.9 Digital Elevation Models (DEM)
The main use of a DEM in this thesis is locating flat areas, thus a good representation of slope values
is important.
4.9.1 Shuttle Radar Topography Mission (SRTM)
SRTM was an international effort headed by NASA and the NGA together with DLR and ASI, aiming to
provide a high resolution global Digital Elevation Model. Data was gathered between the 60° N and
54° S latitude, covering approximately 80 percent of the Earth´s land surface (Farr et al, 2007). The
radar images were collected in 2000 during the 11-day Space Shuttle Endeavour mission, utilizing a
SIR-C/X-SAR system with two antennas to produce interferograms. The data is available in one arcsecond resolution for the United States territory and in three arc-second resolution globally. Due to
technical characteristics of the radar system (foreshortening and shadowing effects), topographically
steep regions in the original datasets are affected by void data areas. Efforts have been made to fill
these voids, among them by the CGIAR-CSI, which provides a void-filled global three arc-second
dataset using interpolation techniques (Reuter et al, 2007).
4.9.2 Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Digital
Elevation Model (ASTER GDEM)
The ASTER Global DEM was made available in 2009 by NASA in conjunction with METI of Japan. The
data spans from 83° N to 83° S covering approximately 99 percent of the Earth´s land surface. The
datasets are released in one arc-second resolution grid (approximately 30 m at the equator). DEM
data acquisition is made by VNIR backward and nadir looking telescopes covering the same area to
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produce stereo-pair images, thus the DEM created is characteristically different from the SRTM
produced DEM. The ASTER sensor have been collecting data since 1999 onboard the TERRA satellite.
Table 4.6 shows a comparison between the two different DEM models.
Table 4.6 DEM comparison (Sandwell and Smith, 2003., Aster GDEM Validation Team, 2009)

Resolution (m)
Horizontal Accuracy (m)
Vertical Accuracy (m)
Collection Source
Vertical Datum Ref.
Horizontal Datum Ref.

SRTM
~90
~20 (90 %)
~16 (90 %)
Radar
EGM96
WGS84

ASTER GDEM
~30
~30 (95 %)
~20 (95 %)
Optical
EGM96
WGS84

4.10 Climate
The service Climate Wizard is developed between The Nature Conservancy, The University of
Washington and the University of Southern Mississippi and provides global measurement of average
temperature and precipitation. The measurement is made both annually, seasonally and monthly.
The data has 50 km resolution, are based on monthly series during the time period 1950-2099 and
have been downscaled using the Bias Correction/Spatial Downscaling method.
The data of interest for this thesis was mean temperature and precipitation in the period of 19512002 (Climate Wizard, 2012).
Another source that provides global climate data is WorldClim. The resolution is 1 km and it gives
information about minimum temperature, maximal temperature, mean temperature, precipitation
and altitude.
The data layers are generated through interpolation of average monthly climate data from weather
stations on a 30 arc-second resolution grid. Only records which there are at least 10 years of data
were used and from these averages were calculated (WorldClim, 2012).
The difference between these two data sources is that the later one is based on an annually average
through the past 50 years whereas the data obtained from Climate Wizard is seasonally and monthly.
When looking into affects such as rain seasons it is important to look at different seasons and not
only a yearly average.

4.11 Water
Water sources, such as rivers and lakes, were found at two different sources.
United Nations (UN) has produced a basemap which includes roads, cities, wells, rivers etc.
throughout the country and from this water sources could be derived. The basemap was made
available for public use 2010-01-16 after the earthquake by MINUSATH and UN Cartographic Section
(ESRI, 2010).
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In September 2006 CNIGS created a vector layer showing the Haiti river network, taken at scale 1:50
000, and it was created from cartographic maps. 1956. Due to geologic movements in January 2010
the information needs to be updated (HaitiData.org, 2012).

4.12 Flooding
Problems with flooding are important to take into consideration when placing more permanent field
hospitals, so that there is no need to move field hospitals when the rainy season arrives. Floods are
common in Haiti due to the tropical climate.
In March 2010 the report “NATHAT – Analysis of Multiple Hazards in Haiti” was prepared by the
Government of Haiti, with support from the WB, the inter-American Development Bank and the
United Nations System. In this report an assessment of frequent floods have been made and
represented in digital format of shape files (Mora et al., 2010). Also USAID presented a report that
assesses these issues, Environmental Vulnerability in Haiti, 2007.
CNIGS has besides water layers also produced a flood layer. The layer shows flood zones of Haiti
integrated for likelihood, taken at 1:100 000 scale, and was created in August, 2008.

4.13 Summary of Data Used
Table 4.7 and 4.8 below list all the datasets used in the analyses.
Table 4.7 The early data used for the analysis
Feature

Type

Damage Map
Land Use
Land Use
Roads
Hospital
Elevation

Point layer
Vector layer
Vector layer
Polyline layer 2010-01-20
Point layer
2010-01-28
Raster grid
Pre disaster
event
Raster grid
2010-01-13
Vector /
2010-01-16
Polygon
Polygon
2008-09
layer

Population
Water Sources
Floods

Date/Year of
publication
2010-01-16

Origin/retrieval
G MOSAIC
Google Map Maker
UNITAR/UNOSAT
OpenStreetMap
Haiti Health Facilities
CGIAR-CSI
US Census Bureau
MINUSTAH and UN Cartographic Section
CNIGS
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Table 4.8 The later data used for the analysis
Feature

Type

Damage Maps
Land Use
Land Use
Roads
Hospital
Elevation

Point layer
Vector layer
Vector layer
Polyline layer 2010-01-20
Point layer
2010-01-28
Raster grid
Pre disaster
event
Raster grid
2010-01-13
Polygon
2010-01-16
layer
Polygon
2010-05
layer

Population
Water Sources
Floods

Date/Year of
publication
2010-

Origin/retrieval
UNITAR/UNOSAT
Google Map Maker
UNITAR/UNOSAT
OpenStreetMap
Haiti Health Facilities
CGIAR-CSI
US Census Bureau
MINUSTAH and UN Cartographic Section
NATHAT
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5. Methodology
5.1 Criteria for Placing of FFH
The sizes of areas suitable for locations of FFHs were chosen to 625 m2 and 10 000 m2. The sizes were
chosen with respect to the small sized FFHs as well as the largest type of FFHs found. Areas that can
be considered as good for FFHs are open areas, school yards, sports grounds etc.
The FFHs should not be located too close to roads due to sound pollution and vehicle exhausts. This
distance was chosen to 15m. Neither is it not good to be too far away from a road network because
of logistical and accessibility issues.
Proximity to water is considered less important because of the WHO / PAHO regulations that a FFH
should be self- sufficient. Locations within 15 m of water sources were considered bad due to risk of
flooding.
Placing of FFHs in area exposed to floods should be avoided. It was chosen to especially avoid areas
exposed to frequent floods.
Proximity to existing hospitals is an important criterion for placement of field hospitals. Placements
close to functioning hospital as well as damaged hospitals are important since the population know
where to go in case of a disaster. Placements close to damaged hospitals are important since the FFH
then can function as a replacement of the services that would otherwise have been provided by the
hospital. Another important issue when placing FFHs close to functioning hospitals is the sharing of
medical supplies and equipment.
Placing a field hospital in or close to damaged areas is maybe the most important criterion. However,
the totally destroyed areas should be avoided since it can be assumed that people have left those
areas. Those areas might neither be accessible.
A similar assumption is made for the population data. A FFH should not be placed where it is too
crowded, but neither where no people are located.
Areas with terrain steeper than 10 % are considered not suitable (Rydén, 2011).

5.2 Data Preparation
All the data found did not origin from the same sources and organizations. As a standard for
projecting all the digital data coordinate system WGS 84 with projection UTM zone N 18 was used.
This is the standard UTM zone for Haiti.
For the AHP weighting and MCE a standardized classification range between the values 0-10 was
chosen. All datasets were therefore classified into values between 0-10 depending on their
importance when finding suitable locations for the FFHs where 0 is not at all suitable and 10 is most
suitable.
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A step by step description of how all the data found was prepared for the final analysis is given
below.
5.2.1 Damage Maps
Most damage maps are hard to make use of since they are pdf- maps with no geospatial reference.
Some of the maps are georeferenced but are not very detailed. Therefore the digital point layers
from MOSAIC and UNITAR/UNOSAT with a damage grade for each point were used. To make the
data more useful in the analysis, damage zones were created with ArcGIS software.
First step was classifying all damage grades into the EMS 98 scale, see table 5.1. The G MOSAIC data
was already in the EMS 98 scale, but for the UNITAR/UNOSAT a conversion was made.
Table 5.1 Conversion into the EMS 98 damage scale
UNITAR/UNOSAT damage scale
1 Destroyed
2 Severe Damage
3 Moderate Damage
6 No visible damage

EMS 98
Grade 5 Destruction
Grade 4 Very Heavy Damage
Grade 2 Moderate Damage
Grade 1 Negligible to Slight Damage

The data received from G MOSAIC was very scattered; therefore it was decided to use Inversed
Distance Weighted (IDW) interpolation between the points to create damage zones. The zonal
representation allows for better evaluation when using MCE. However, because this creates a
continuous surface it does not comply perfectly with the discrete shape of the buildings, data values
should therefore be seen as more approximate the further away from each damage point they get.
For the UNITAR/UNOSAT data buffers zones of 15 m were created around each point to create
polygons. 15 m was chosen. These circular polygons were then put together using the function erase
in ArcGIS. All polygons with damage grade 5 were put together as one layer, polygons with damage
grade 4 etc. Higher Damage level was made dominant so that each area that was covered by several
damage grade polygons received the value of the highest damage grade. The process was made with
the Model Builder function in ArcGIS as seen in figure 5.1.
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Figure 5.1 The Model Builder process used when creating the damage zones

In both cases the results were layers with 5 zones describing the damage grade. Both the layers were
then classified according to the interval 0-10, as described in table 5.2. The coverage of the two
different datasets are visualized in figure 5.2 and 5.3.

Figure 5.2 Map showing the coverage of the early damage data from G MOSAIC
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Figure 5.3 Map showing the coverage of the late damage data from UNITAR/UNOSAT

Table 5.2 Conversion of damage grade into the standardized classification
Damage grade
Grade 1 Negligible to slight Damage
Grade 2 Moderate Damage
Grade 3 Substantial Damage
Grade 4 Very Heavy Damage
Grade 5 Destruction

Value after classification
5
7
8
6
1

5.2.2 Land Use
A land cover map from UNITAR/UNOSAT together with data from Map Maker was used as base for
the final land use map. To complement this land use map two classification of satellite images were
made.
The GeoEye high resolution image (50 cm resolution) acquired on 2010-01-13 was used to classify
the area close to Port Au Prince.
The classification was done in the software ENVI and was of type supervised. Because of the high
resolution the image was resized into 5 m to prevent the classified image to appear scattered. When
the resized image was obtained training areas were selected with the ROI (Region of Interest) tool in
ENVI. Five ROIs were made; Buildings, Water, Forest, Impervious surface and Open field/land.
To reduce noise in the image a median filter with 3x3-kernel was applied twice. From this image the
ROI of open fields/land were extracted to be used in the final land use map.
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From the Map Maker dataset 12 different ground and building types were exported. The types
exported were those that would likely be in use of placement of field hospitals.
The Map Maker data and the land use map from UNITAR/UNOSAT were combined using ArcGIS.
Since some areas where covered by both layers the Map Maker data was erased from the land use
map before they were merged together. All land use types were kept as separate classes.
The Landsat images covering the whole of Haiti were merged using PCI Geomatica. The merged
image was then classified using a supervised classification. The classification for the later dataset has
high uncertainty, Rocky outcrop features contained a lot of open land upon satellite image
inspection, and a value of 5 was therefore used.
The final step was classifying the land use/cover types into the scale of 0-10, see table 5.3 and 5.4.
Table 5.3 Conversion of land cover type into the standardized classification (Later dataset)
Land Cover Type
Open Land / Agriculture
Water
Forest
Rock outcrop
Built up
Clouds

Value After Classification
6
0
0
5
7
NoData (0)

Table 5.4 Conversion of land use type into the standardized classification
Land Use Type
Agriculture
Bare soil
High density Built Up Zone
Medium density Built Up Zone
Low Density Built Up Zone
Other Built Up Zone
Industrial Zone
Shanty Zone
Water
Park
Forest / Tree cover
Cemetery
Rocky Outcrop
Shrub / Sparse Vegetation
School buildings
Basketball grounds
Football grounds
Local Park
Parking grounds
School grounds
Soccer grounds

Value After Classification
6
9
5
6
7
4
3
2
0
8
0
0
0
5
7
10
10
8
7
7
10
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Sports Complex
Stadium grounds
Tennis grounds
University grounds
Open fields

10
10
10
7
10

5.2.3 Roads
Historical extracts of OSM planet files in OSM xml format are available at
http://planet.openstreetmap.org/. A planet file contains data over the whole world, which meant
that the data only concerning Haiti had to be extracted to reduce unnecessary data processing.
Osmosis is java-based command line application that provides a method to extract OSM data using
OSM poly files. The poly file for Haiti was created with the help of QuantumGIS from the
administrative boundary layer provided by MINUSTAH.
The resulting extraction contained all the point, polyline and polygon features of the OSM dataset.
Polylines not attributed to road features were removed.
OSM uses tags consisting of a key and a value that can be associated with nodes, ways or relations in
the dataset. The key ‘highway’ with its respective values is used to attribute road type classes. Road
features such as footways were removed.
The classification of the road layer can be seen in table 5.5. Buffer zones were created to represent
distance from the roads, see figure 5.4.
Table 5.5 Road distance classifications
Distance from Road
0-15 m
15-30 m
30-80 m
80-200 m
200-300 m
300-400 m

Value after classification
0
10
8
6
4
2
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Figure 5.4 Road network factor map
5.2.4 Hospitals
The hospital data used was found at Google’s site for Haiti Health Facilities. The dataset included
1266 health facilities from eleven different sources that had been put together after the earthquake.
An encountered problem was duplicates of several facilities that have been stored in the initial
source layers, see figure 5.5. Since the number of facilities is large a visual interpretation method was
used and focus was put on facilities in the most affected regions, Port Au Prince, Carrefour, Leogâne
etc. The built in basemap in ArcGIS was used as a reference image to see where the most probable
location for the facility was.
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Figure 5.5 A hospital can have many locations

After modifying the layer a final 1186 facilities were left. These facilities were exported and projected
into the correct coordinate system.
Buffers zones were created around each point in the layer at 30m and 200m, with being within 30
meters having the most importance. The cutoff at 200m represents that it seizes to be important to
be situated closely to a hospital at a certain distance.
The final step was classifying the distances into a scale of 0-10, see table 5.6.
Table 5.6 Conversion of distances to hospitals into the standardized classification
Distance
30 m
200 m

Value after classification
10
8

5.2.5 Population
The population layer was linearized into the eleven classes of the standardized classification. The
most populated areas received the highest score.
5.2.6 DEM
The CGIAR-CSI SRTM DEM was used to create a slope map, see figure 5.6. A constraint map was
made using the 10 % slope value as a boundary.
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Figure 5.6 Constraint map over slope in Haiti
5.2.7 Water
The UN basemap contained data with rivers and lakes that were extracted. Information of rivers in
Port Au Prince was also available via geocommons. The river data from these two sources were very
much alike and a comparison was made with help from Bing Aerial maps in order to find the one best
suitable.
Euclidean distance function in ArcGIS was then used to build continuous surfaces around both rivers
and lakes. The maximum distance was set to 1000 m, distances further than that were considered
too far away to function as a water source. A classification was then made within the values of 0-10
in preparation for the MCE. 0 was given to areas 30 m or closer to water sources with respect to
flooding and placement near water. The conversion is shown in table 5.7.
Table 5.7 Conversion of distances to lakes and rivers into the standardized scale
Distance from Lake/River
0-30 m
31-200 m
201-400 m
401-600 m
601-800 m
801-1000 m

Value after classification
0
10
8
6
4
2

5.2.8. Flooding

The flood datasets were classified into the standardized scale, see table 5.8 and 5.9.
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Table 5.8 Flood classifications used in the earlier dataset
Flood Frequency
Probable flood area
Other areas

Value after classification
5
10

Table 5.9 Flood classifications used in the later dataset
Flood Frequency
Frequent
Rare
Exceptional
No flooding

Value after classification
0
5
8
10

5.3 MCE
5.3.1 Survey on Weighting
To assess the importance of different factors concerned in the MCE, a questionnaire (Appendix. A)
was sent out to people who had been involved in the location assessment, coordination and
operation of the FFH´s. Questionnaire takers were mainly asked to rank the importance of factors
that could be used in the MCE considering data availability as well as other factors that should be
taken into consideration. Out of 15 Questionnaires sent to different NGO´s and countries that were
involved in the disaster relief, 3 were answered. It was difficult to find contact information to the
appropriate persons and also to write a questionnaire that would provide us with answers we could
make use of and questions that were not too ambiguous. The result of the questionnaire is shown in
figure 5.6.

Figure 5.7 Rankings gathered from questionnaires with corresponding chosen values
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5.3.2 AHP Weighting Process
As the priority-assignment procedure in AHP is based on pairwise comparisons, rankings collected
from the questionnaires had to be translated. Each judgment made between two factors was
interpreted with the difference in questionnaire ranking for both factors. Results of the
interpretation are shown in table 5.10 and the resulting weights in table 5.11.

Table 5.10 AHP judgments as translated from the questionnaire

Water source
proximity
Damaged areas
proximity
Landuse
Road proximity
Hospital
proximity
Flood risk
Population level

Water
source
proximity

Damaged
areas
proximity

Landuse

Road
Hospital
proximity proximity

Flood
risk

Population
level

1.0

0.2

0.2

0.3

0.2

0.3

0.3

5.0
5.0
3.0

1.0
2.0
2.0

0.5
1.0
0.2

0.5
5.0
1.0

0.5
5.0
1.0

0.5
5.0
0.5

1.0
2.0
0.5

6.0
3.0
3.0

2.0
2.0
1.0

0.5
0.2
0.5

1.0
2.0
2.0

1.0
1.0
0.3

1.0
1.0
2.0

3.0
0.5
1.0

Consistency Ratio: 0.110937564

Table 5.11 The resulting weights of the AHP
Factor
Water source proximity
Damaged areas proximity
Landuse
Road proximity
Hospital proximity
Flood risk
Population level

Weight
0.034504
0.102548
0.344704
0.097141
0.177219
0.116126
0.127759
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5.3.3 MCE Process
The factor maps containing land use, water source, population, area damage, flood, hospital and
road information were added together with their respective weights. Slope information was then
added as a constraint to produce the final suitability map. An overview of the process is seen in
figure 5.7.

Figure 5.8 An overview of the process from weight-setting to suitability map
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6. Results and Discussion
6.1 Data Availability and Quality
6.1.1 Satellite Images
Out of the satellite images in table 4.2 that were acquired shortly after the disaster not all have been
made available for public use. The first acquired image from GeoEye on 2010-01-13 as well as the
image acquired on 2010-01-16 was available to public use through Google. Also Ikonos image from
2010-01-14 has been made available. A problem concerning these images is that they are large and
would have required more processing power than what was available.
The Landsat images that were used were gathered between 2000 and 2003. Other satellite images
were also available from before the earthquake from e.g. SPOT, but the images from Landsat suited
this analysis better since it was available for free.
6.1.2 Damage Data
All the damage maps found are based on aerial or satellite images acquired at different instants after
the earthquake. Most of the damage data are available as PDF-maps which make it problematic to
make use of the information stored in the maps. Mostly because of the fact that other data were
visualized in the maps as well and would have interfered in the extraction of damage data. Both G
MOSAIC and UNITAR / UNOSAT have created digital data that could be used in the analysis. The G
MOSAIC digital data was available on 2010-01-16, four days after the earthquake, and covered the
area of Port Au Prince. The digital dataset from UNITAR / UNOSAT was first published on 2010-01-28
and then modified and published in later versions. This dataset covers the areas of Port Au Prince,
Carrefour, Leogane, Jacmel, Petit Goave and Grand Goave. For the late analysis the version
completed on 2010-02-23 was used. Since these two were the only published digital dataset they
were the ones used in the analysis. All damage data found are shown in table 6.1.
The quality of all damage data can be discussed. All the data are based on aerial or satellite images,
many of them even of the same imagery. Most of the damage maps cover the area of Port Au Prince
and little has been done for other areas and cities in the country. Few of the datasets have been
validated in field and much of the data covers the same areas. For the area of Port Au Prince a
comparison between the two digital datasets could have been performed.
Important to take into consideration is that the data covering Port Au Prince, Leogane and Jacmel
from UNITAR /UNOSAT were in the full range of the EMS 98 scale, the other areas were only
delivered with grade 4 and grade 5. All areas with no damage assessment information were given the
grade 1 (No visible damage), therefore in the areas with only collected grade 4 and 5 all other areas
received grade 1. This means that grade 2 and 3 were lost for these areas and it leads to a nonuniform damage map for the late analysis.
Table 6.1 Damage Maps produced after the earthquake
Organization

Type of data

United

Damage

First Date
Published
2010-01-13

Other comments

Source link

First published maps

http://reliefweb.int/si
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Nations
Cartographic
Section,
G MOSAIC,
German
Aerospace
Centre
SERTIT

assessment
PDF – maps

only covering Port Au
Prince area

tes/reliefweb.int/files
/resources/F3A04278
B9989ED1C12576B00
036CD87-map.pdf

Damage
assessment
PDF – maps

2010-01-14(PaP)
2010-01-17
(Leogane)
2010-01-22
(Jacmel)
2010-01-15
(Carrefour)

First maps covering
Port Au Prince

http://www.disasters
charter.org/web/char
ter/activation_details
?p_r_p_1415474252_
assetId=ACT-287

DLR – German
Aerospace
Center

JPEG, KMLfiles

2010-01-28

http://www.zki.dlr.de
/article/1262

UNITAR/
UNOSAT

PDF-maps

UNITAR/
UNOSAT

GIS data, shp
files,
geodatabase
s
shp-file, 200
m polygon
grid
PDF- maps

2010-01-15 (PaP)
2010-01-16
(Carrefour)
2010-01-28 (first
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6.1.3 Land Use
Due to the fact that no complete land use data was found, an effort to classify satellite images was
made. The chapters 6.1.3.1 and 6.1.3.2 shows the results of the classifications. A problem with the
classifications of the satellite imagery is that there is no way of validating the result with better data.
The results were compared to the original satellite images, but especially for the low resolution
image it was difficult to make a validation.
The first satellite image was a high resolution image (50 cm) from GeoEye acquired at 2010-01-13
which was difficult to classify because of its very high resolution. The image was resized to a
60

resolution of 5 m in order to get a better classification and to lessen the scattering effect of the
classes. However, when resizing images information about smaller surfaces are lost. The second
classification was performed on a mosaic of six satellite images from Landsat. The six images where
acquired during the same time period but from different years and when mosaicking the images
together, there were color-matching issues present. These six images had a lower resolution than the
GeoEye image and in this case the classification lacked the level of detail needed to pinpoint
sufficiently small open areas.
A lot has happened in terms of land use since the Landsat images were acquired, but they were still
used as a base for land cover before the earthquake.
As complement to the land cover classification certain data from Map Maker were used. The data
exported were grounds and open areas such as school grounds, hospitals grounds, football fields etc.
Since Map Maker, as well as OSM, updates datasets continuously the exact publication date cannot
be specified. Therefore all the data extracted from Map Maker used in the analysis may not be
published and produced before the event. Also UNITAR / UNOSAT have published land use data that
was made available on 2010-02-13 or earlier. Even though a land use map was created and used, it
would have been better to have had a more detailed land use map. These two datasets are shown in
table 6.2.
Table 6.2 Land Use data available
Dataset
Map Maker
UNITAR / UNOSAT

Data available
NA
2010-02-13 or earlier

6.1.3.1 Results of Classification of GeoEye image
Below follows the confusion matrix, table 6.3, of the classification of the GeoEye image acquired
after the earthquake. The overall accuracy was 80.3832 % and the Kappa Coefficient was 0.7497.
Table 6.3 Confusion matrix of GeoEye image classification (%)

Water
Impervious
Surface
Open
Land/field
Forest
Building
Total

Water
91.57
0.00

Impervious Surface
0.00
91.02

Open land /field
0.00
0.43

0.00

3.35

84.34

0.00
8.43
100.00

0.11
5.52
100.00

14.58
0.65
100.00

Forest
0.00
0.37

Buildings
0.12
36.03

Total
24.69
22.76

7.76

17.24

27.50

90.39
1.48
100.00

9.04
37.57
100.00

15.19
9.86
100.00

6.1.3.2 Result of Classification of Landsat images
The overall accuracy of the Landsat images classification was 97.6022 % and the Kappa Coefficient
was 0.9613. The confusion matrix for this classification is shown in table 6.4.
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Table 6.4 Confusion matrix of Landsat images classification (%)

Water
Built up
Clouds
Rock
Outcrop
Forest
AgricultureOpen land
Total

Water

Built up

Clouds

Forest

0.00
0.00
99.88
0.12

Rock
Outcrop
0.00
1.02
0.15
95.10

99.80
0.00
0.00
0.19

0.00
97.21
0.00
2.41

0.01
0.00
100.00

0.00
0.02
0.00
0.71

Agriculture
-Open land
0.00
0.00
0.00
4.18

0.00
0.39

0.00
0.00

100.00

100.00

Total
79.09
2.10
3.49
3.06

0.59
3.15

90.83
8.44

1.72
94.10

8.76
3.49

100.00

100.00

100.00

100.00

6.1.4 FFH
For FFH locations the data is not comprehensive. This mostly depends on that there is no gathered
information about where FFH were placed after the earthquake. As for the hospitals it is also hard to
judge if the FFHs were fully equipped and facilitated according to WHO/PAHOs standards. Because of
the way the FFHs locations have been collected they should be seen as approximate.
Great effort was made to ensure an as high location accuracy as possible, deriving information from
official sources such as the organizations themselves. However, this type of information is lacking in
many cases and there also seems to be confusion or different interpretations on what is deemed to
be a FFH. Due to this, some locations were derived from second hand sources and through
ground/aerial/satellite image interpretation.
6.1.5 Roads
The road data availability is shown in table 6.5. Comparisons were made by creating an 800 m by 800
m grid mask encompassing the boundaries of Haiti. The summary road length in each grid cell was
calculated for both data sources respectively. Through use of spatial queries, cells were given a value
corresponding to the data source with the highest amount of road length for each cell. Although this
process does not review the absolute or relative positional accuracy of the datasets, it gives an
estimation of where each data source gives the most coverage. Most of the data are based on
handheld GPS measurements which do not produce reliable accuracy. However, no evaluation using
higher quality data was possible. Figure 6.1 indicates that the 20/01/2010 extraction of OSM road
data provides more cover in urban areas whereas the MINUSTAH road data provide more
information in rural areas, whereas Google Map Maker lies somewhere between in overall coverage.
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Figure 6.1 Road coverage comparison

Table 6.5 Road data availability
Dataset
Google Map Maker
OpenStreetMap
MINUSTAH

Date Available
NA
2010-01-20
2010-01-15

6.1.6 Hospital
The only available layer with health facility locations was retrieved from Haiti Health Facilities. It was
first made available on 2010-01-29 and has then been published in different revisions. Even though
the list with health facility locations was made available first 2.5 weeks after the earthquake it is the
best and only available sources with information. The layer is a collection of data from several
sources which makes the quality hard to determine. In the layer were several duplicate locations of
the same hospitals which also show that the quality of the layer was not good. The duplicate
locations where not always in the proximity to each other which made it hard to determine the exact
location. During the process of removing the duplicate locations satellite images where used to
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determine the most probable location. However, one cannot be certain the right locations where
determined. From the list it is also hard to judge whether it is a fully equipped hospital or a medical
center. This type of information is necessary when considering it is important to locate a FFH close to
a health facility.
6.1.7 Population
The population data available is shown in table 6.6. The GPW population data utilizes the best
available census data at each time period. However, significant drawbacks are the grid resolution,
available only at 2.5 arc-minutes, and the population allocation algorithm that assumes the
population to be uniformly distributed within each administrative unit, the level of detail also varies
depending on country because of differences in administrative level depths and available population
estimates. This renders the data less useful for MCE-analysis in post-disaster response situations. In
administrative units with relatively homogeneous land use, it could however be used to evaluate
more convoluted population datasets, due to its sole dependence on census data. For disaster
management purposes, the GPW dataset was deemed to be too coarse; circumstances in the scope
of five kilometers could be very different.
Regarding the GRUMPv1 data, blooming effects causes population count in highly electrified areas to
be overestimated, although this issue is somewhat alleviated by the fact that population units tend
to be more refined in such areas.
The population data from Haiti Government Census produced in 2003 is not up date when it comes
to the number of population or the distribution of population. From 2003 until 2010 the population
in Haiti has increased from 8.374 million to an estimate of 9.993 million and the country has
experienced urban growth which has changed the distribution of population within the country (UN
Department of Economic and Social Affairs, 2011; US Census Bureau, 2011).
Figure 6.2 shows a comparison in terms of population count for LandScan, Demobase and GRUMPv1
in each of the level two administrative units of Haiti. It is based on percentage divisions on
population totals in each administrative unit for all three datasets. Some differences are present as a
result of the timing of incorporated censuses and temporal differences. The gross difference
between LandScan and the other two are due to a normalization made on LandScan data to fit UN
population estimates.
The Demobase data was used due to its supposed resolution. It should be noted though that in terms
of how the datasets are produced, LandScan gives the best estimation of where people are at any
given time at an average.
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Figure 6.2 Population count variations in level 2 administrative units

Table 6.6 Population data available
Dataset
GPWv3
US Census Bureau Demobase
LandScan
GRUMPv1

Data available
2005
2010-01-13
2010
2011

6.1.8 DEM
The DEM data available is shown in table 6.7. Versions of The ASTER GDEM and SRTM datasets were
both available before the disaster event. However, both datasets are in different ways affected by
artifacts. Due to the nature of the optical sensor in the ASTER GDEM, some areas are affected by
residual cloud cover anomalies (ASTER GDEM Validation Team, 2009). These anomalies normally
exist in tropical and high northern and southern latitudes. In the case of tropical regions such
anomalies have been replaced with data from other DEM´s, SRTM among them. Some artifacts in the
ASTER GDEM are present due to the way each tile image has been put together. A tile is put together
from multiple scenes, which are locally varying in number. Areas with high discrepancies in stack
number gives rise to bumps, pits and mole runs. While it is stated that the grid resolution is 30
meters, the actual resolution is closer to 120 meters, and thus inferior to that of SRTM. The ASTER
GDEM has the advantage of having possibilities to refine the data as more scenes become available.
A second version was produced in 2011 where many of the anomalies have been reduced
significantly by making adjustments to the processing method and adding more scenes. The actual
resolution is instead of 120 meters determined to be circa 70 meters (Meyer et al., 2011). This
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version is unfortunately not possible to use in this thesis as it was made available too long after the
2010 earthquake.
The use of a DEM with better resolution than the 90 meters of SRTM would have been beneficial as
the smallest FFH could take up a space less than a third lengthwise.
Table 6.7 DEM data available
Dataset
ASTER GDEM
STRM

Data available
2009 (next version 2011)
2008

6.1.9 Water
Data including water sources came from the UN basemap as well as from CNIGS. The data from the
UN basemap both included rivers and lakes whereas the data from CNIGS only included rivers. The
data from UN basemap was available 2010-01-16 and the data from CNIGS in 2008. All water data
available is shown in table 6.8.
The data from CNIGS was created through using cartographic maps but the UN basemap had no
information of how the data was produced. Both of the data agreed well with each other when
comparing the rivers and they also agreed well when overlaying the river layers on a satellite image.
Since the layer from UN basemap included both rivers and lakes and provided the most detail as well
as being up to date, this layer was used in the analysis.
Table 6.8 Water data available
Dataset
UN
CNIGS

Date Available
2010-01-16
2008

6.1.10 Flooding
The flood data found are shown in table 6.9. Two layers with information about flooding have been
made available. The layer from CNIGS was created through integration for likelihood in 2008 and was
not up to date when the earthquake happened. The data layer obtained from NATHAT was created
and published after the earthquake and has been used for the late analysis.
The quality of the dataset from CNIGS is uncertain since there is no information of how the data has
been made. There are two ways the data could have been created, either by a flood model using
precipitation, catchment areas, height model etc. or by looking at historical events using satellite
imagery. A combination of the two methods would have been desirable in a flood dataset. The data
from NATHAT is more usable since they are based on assessment of different frequencies of flooding.
Since this data was published first in March 2010 it cannot be used in the early analysis.
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The Dartmouth Flood Observatory (DFO) collects and updates their flood layer frequently based on
when major flooding occur. Digital data over Haiti is not available at the website but can be
requested. However, for this thesis the request was not answered (DFO, 2007).
Table 6.9 Flood data available
Dataset
NATHAT
DFO
CNIGS

Data Available
2010-03
NA
2008

6.2 MCE
6.2.1 Early Dataset
Figure 6.3 shows the suitability map coverage of the early analysis. The size of the area depends on
the damage dataset coverage, which only covered the urban areas of Port Au Prince. In figure 6.4 a
magnification of the suitability map is presented along with the found FFH locations in the area.

Figure 6.3 The area covered in the early analysis
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Figure 6.4 FFH locations in relation to suitability level
75 areas with suitability level of 7 were found. The areas were measured in square meters and the
largest area was of 9751 m2. 41 areas had a suitability level of 7 and were larger than 625 m 2, six
areas had an area larger than 5000 m2 and no area was larger than 10 000 m2. Figure 6.5 shows all
areas with suitability level 7.

Figure 6.5 All areas with the suitability level of 7 marked in red
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6.2.2 Late Dataset
The late data analysis was restricted by the land cover map created.
Figure 6.6 shows the suitability map coverage of the late dataset analysis. The size of the area
depends on the land use dataset. However, areas that do not have damage data coverage cannot be
used in finding suitable locations. The damage dataset covered the cities Port Au Prince, Léogâne,
Jacmel, Carrefour, Petit Goâve and Grand Goâve with surroundings. In figure 6.7 a magnification of
the suitability map over Port Au Prince is presented along with the found FFH locations in the area.

Figure 6.6 Coverage of suitability map for the late dataset
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Figure 6.7 FFH locations in relation to suitability level
Figures 6.8 and 6.9 shows suitable areas in Carrefour and Jacmel including the FFH locations.

Figure 6.8 Suitability map with FFH locations, Carrefour
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Figure 6.9 Suitability map with FFH locations, Jacmel

The suitability map contained 1 344 areas with suitability level of 7 and 4 198 areas with suitability
level 6. The largest area with suitability level 7 was 48 135 m2. 719 areas had the suitability level of 7
and were larger than 625 m2 and 55 areas had a surface greater than 10 000 m2 and had a damage
grade of 7. Figures 6.10 and 6.11 show areas with suitability level of 7 in Port Au Prince and
Carrefour.
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Figure 6.10 All areas with the suitability level of 7 marked in red, Port Au Prince area

Figure 6.11 All areas with the suitability level of 7 marked in red, Carrefour area
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6.2.3 Comparisons
The two analyses are similar in many ways. When looking at the area of Port Au Prince, which is the
area that both the analysis’s cover, there is no major differences in the suitable areas that have been
found. The main difference between the two dataset is the coverage. Whereas the early dataset only
covers the urban areas of Port Au Prince the late dataset has a wider range. It should however be
noted that the areas outside of Port Au Prince were less detailed when it comes to land use data.
Figure 6.12 and 6.13 shows the number of existing FFHs within each suitability level for the two
analyses. Ten FFH were located in areas that were not covered by the early analysis. What can be
noted is that in the late analysis more FFH were placed in areas with higher suitability level.
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Figure 6.12 FFH locations within each suitability level, early dataset
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Figure 6.13 FFH locations within each suitability level, late dataset
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6.2.4 General Results of the two Analyses
The results of the analysis were varying. A trend is that the actual placements of the FFH are located
at areas or close to areas that from the analysis turned out suitable. The main reason is that close
proximity to health facilities received a high weight from the AHP and the FFHs where in fact most
often placed close to a health facility. For the FFHs not located close to existing health facilities the
result was much depending on the land use map. Figures 6.14 and 6.15 present examples of FFH
locations. In figure 6.14 the FFH is located in an area with high suitability level whereas in figure 6.15
one can see that the FFH is located in an area with low suitability level. For the second FFH the
placement was located close to an existing airport which in the land use map was covered by an
industrial zone with a low standardized classification value. Therefore this area received a low
ranking which contributed to a low suitability level.

Figure 6.14 Location of a FFH as a football field, with suitability level of 7

Figure 6.15 Location of a FFH close to the airport in Port Au Prince, with low suitability level
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Figure 6.16 to 6.20 shows a few areas that were identified as suitable but without any FFH located
there.

Figure 6.16, 6.17, 6.19, 6.19 and 6.20 Identified suitable areas without FFH
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The MCE showed some success in finding open areas, Figure 6.16 and 6.17. However, due to the low
resolution of the land cover layer it lacked the ability to point out small areas. Even though the Map
Maker data included areas such as football grounds it did not include all small open areas, which
would have been desirable. Perhaps the best way to retrieve all small open areas would be to visually
find them in high resolution imagery which would however have been a time consuming process.
A drawback with using raster data is that is has a cell based nature, as seen in figure 6.16 and 6.17
the areas (which have been converted to polygon features) does not capture the whole surface at
lower resolutions.

Figure 6.21 and 6.22 Areas found in the early data MCE with a suitability level of 7
Through the analysis areas are pointed out that are suitable placements for FFHs. But not all these
areas might be available when the FFHs arrive. Since major disasters also tend to destroy buildings
for regular housing those people need to move somewhere. IDP camps are camps where evacuated
people live in shelters and they are often placed at open areas. This might create a conflict if FFHs
arrive to a location based solely on the information provided by this type of analysis and the location
already is in use by an IDP camp.
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Figure 6.23 and 6.24 Suitable areas found in the early dataset analysis that are occupied by an IDP
camp
Also seen in the analysis were FFHs placed close to high frequency flood areas. As seen in figure 6.20
one FFH was placed approximately 70 meters from a frequent flood area.

Figure 6.25 FFH close to a frequent flooding zone
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6.3 Uncertainty in Data and Error Sources
The land use map received from UNITAR/UNOSAT was not complete and not very detailed and it
would be desirable to have a better land use map as basis for the analysis. As the results of the
questionnaire showed, ground at site is important when placing a FFH, and to solve that problem in
this thesis a land cover map was created by classifying satellite images. Classification of satellite
images is a time consuming process and the classifications done in this thesis were not performed to
a necessary degree of quality due to time issues.
Almost all data used in this analysis originates from different sources with different coordinate
systems, resolutions etc. All the transformations done when preparing the data for the analysis also
affected the insecurity of the results since they are being modified under different conditions.
Resolution of the datasets is also an issue that creates insecurities. Different data have different
resolution and to make a more fair and detailed analysis some of the data have been resized to a
standardized scale. For datasets with low resolution it means that the dataset appears to have a
certain quality when actually it is lower.
It has been a permeated problem to find data for the analysis through the whole process of
conducting this study, there are a lot of data to be found, but most of the data is published long after
the event and cannot be used since it would then be too late to place a FFH. Some datasets does not
even have a publication date, only a number of versions for the dataset which does not tell anything
about the actual date it has been published. In addition some data sources have been closed down.
Another problem with collecting data from different sources is that the data sometimes comes with
displacements that do not have to do with the projection of the data. This creates insecurity when
combining different datasets and when adding datasets together.
Regarding the AHP weighting process the rankings for each question in the questionnaire might have
been different based on how the questions were interpreted. For example the ranking of population
density, some might think of the criteria as the population density in a close proximity to FFHs sites
where others might interpret population density as within a community.
Used datasets were aggregated through MCE analysis where AHP was used to determine weights
between the different factors involved in the analysis. In the AHP process weights were determined
and as a measurement of consistency the consistency ratio was calculated to larger than 0.10, which
is more than recommended by Saaty (Saaty, 1990). Although the ratio was greater than what is
recommended it was decided not to redo the weighting process. This since all the pairwise
comparisons were based on both the questionnaire and other relevant sources, and the value did not
exceed 0.10 by much.
For almost all datasets produced after the earthquake there are also human factors and gross errors
involved when producing the data. Production of damage data have in most cases been done by
several individuals for the same dataset and it is not certain that all individuals would classify one
object with the same damage grade. In those cases there are human factors involved. The JRC used a
system where the same dataset was interpreted by different analysts in the training stage to
minimize human factors (Corbane et al., 2010).
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Data are sometimes a combination of GPS measurements in field, data from satellite imagery or old
spatial data which makes it difficult to join the different data types. When duplicates of data are
discovered it is also hard to distinguish which of the dataset is of best quality and best to be used.
Few of the datasets have information on validation. Most of the data are retrieved from satellite
imagery where change detections have been made but only a few have been validated in field. For
example the damage data produced by WB-UNOSAT-JRC went through a validation where field
surveys were conducted in collaboration with CNIGS, through developed assessment forms for each
building and GPS-tagged digital photos. Out of the 276 124 buildings assessed trough satellite
imagery and 6 492 field surveyed buildings only 4 329 of the field surveyed buildings were included in
the satellite imagery assessment. When comparing the field surveyed data with the satellite
assessment imagery data an overall accuracy of 61 % was reached (Corbane et al., 2010).

6.4 Improvements of This Analysis
When performing a geospatial analysis the most important task is not only to find data needed for
the analysis, but also to find data of good enough quality.
Regarding data findings for this thesis, there were a few datasets that could not be found, where only
found to a certain extent or were found but not used.
A significant dimension when placing a FFH is land entitlement. Even though an area can be perfectly
suited as placement for a FFH it might be owned by a private person or someone who does not want
to have a FFH at their site. When performing the analysis it would have been preferred to have had
data over publically owned land to simplify the process of finding suitable areas. As the analysis is
done without land entitlement information it most probably would be an obstacle when arriving at
chosen locations.
Information about electricity provision would have been valuable for the analysis. Even though a FFH
should, according to WHO and PAHO, be self-sufficient when it comes to electricity information
about the provision would help when finding suitable locations and especially for long term field
hospitals.
From the questionnaire it was also revealed that data regarding wind direction, solar radiation and
security (e.g. fences or walls) at site were desirable. Data on solar radiation and wind direction are
available whereas data regarding security at different areas is harder to take into account. It was also
expressed that FFHs should be located far away from waste discharge, therefore locations of waste
discharge are necessary, and that the placements of the FFHs should be placed in areas where free
future expansion is possible.
Important information to take into consideration is also that all data used in this study can been
accessed for free on the internet. The damage data from UNITAR/UNOSAT has been obtained
through e-mail correspondence as well as the Map Maker data. Important to notice is that there are
data with better quality to get a hold of, only that it is not available for free.
From the questionnaire it was understood that the proximity to hospitals as well as damaged
hospitals were equally ranked. Due to this and the fact that no full coverage damage assessment was
made on health facilities which would produce biased results, no difference was done between these
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two and all information was put in one layer. However, in future analysis of other cases it might be
valuable to also have information about damaged hospitals.
In this analysis no climate data regarding temperature or airport locations data have been used. The
climate issue most important to take into consideration was flood and since separate information on
this was found the temperature and precipitation data were not used. Neither accessibility to
airports was ranked high in the questionnaire and it was therefore not considered in the analysis. As
for the hospital data the use of these datasets might improve a future analysis with other
circumstances.
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7 Conclusions and Future Research
7.1 Conclusions
One of the objectives in this thesis was to collect data accumulated shortly after the earthquake.
According to WHO / PAHO field hospitals that provide post trauma care should be functioning within
48 hours (WHO/PAHO, 2003). It has been clear throughout the work that few datasets for this
particular event were published within 48 hours after the event. However, it is not impossible to
accumulate data to perform an analysis in this short amount of time. Most of the data needed for
this type of analysis can be prepared beforehand and used in the event of a disaster. Damage
assessment and population distribution are the main difference between pre- and post-earthquake
analysis.
Another finding in the research has been that there is no main source where different data have
been collected and published. To be able to perform an analysis within the required time frame there
is a need for collecting and publishing data at one location in an effective way that accounts for
problems such as interoperability issues. The challenges of doing this should not be underestimated
but it would reduce the time and effort put on collecting all data needed for the analysis.
As the results of this thesis shows the FFH locations after the earthquake in Haiti 2010 were to a high
extent placed at or in proximity to areas with high suitability level, even though the data used was
published much later than the event. If all data would have been prepared beforehand and only the
damage assessment would have been needed to be produced, this type of analysis could have been
made within 48 hours and been used as a support when finding suitable locations for the FFHs.
Shown in the results was also the fact that some FFHs were located in close vicinity to areas of
frequent flooding. This type of placement could with in some cases have been avoided using this type
of analysis. Areas of a high suitability level where no FFH had been located could also be identified.
Benefits of using this kind of decision support system is that before arriving at site or in the country
one would know the exact location and can send both supplies and personnel at the same time. The
system can act in a complementary or substitutive way and potentially incorporate factors that are
difficult to assess by e.g. only asking locals, both in terms of post-disaster related information, and
the sheer magnitude of pre-disaster information that becomes available during a crisis.

7.2 Future Research
There are several matters that need to be considered more carefully when doing a further analysis of
this case.
An important matter would be to look at that the geospatial data infrastructure. Looking at the
availability and possibilities for use of geospatial data after the onset of a disaster is likely not going
to be effective as having a developed framework beforehand. A first step would be to look at exactly
what type of data that would be necessary for an analysis and then evaluate the existence of these
data in countries that would be at risk for this type of disaster, e.g. developing countries.
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An encountered problem for this thesis has been to collect data that originates from different
sources, most of them of very different quality, but also duplicate data. It would be desirable to
create a geospatial data infrastructure where it would be possible to coordinate which organization
would focus on what type of data and also in which area. It would also be possible to create a
common standard for the produced data, e.g. precision and format. Duplicate data would then be
avoided, a larger area with data would be covered and it would be much easier to put data together
in an analysis. G DACS is an example of an organization that collects data from different origins to try
and minimize duplicate information.
Some research also needs to be done to automatically find open areas soon after a disaster. This can
be done through change detection but the method needs to be refined and more suited to find small
areas that are not easily discovered in satellite imagery and it needs to be done more rapidly.
An inventory of other suitable places such as buildings that can accommodate a field hospital would
be necessary addition to the open land areas.
It would be desirable to build a SDSS to be used when a disaster occur, a system that includes data
produced already before the event but also can incorporate data that is produced after a disaster has
happened. It would also be good to have this SDSS coordinated by an entity that can hand out
locations to humanitarian aid organizations. This would reduce the risk of organizations arriving at
the same locations.
In this analysis no consideration has been taken to whether the FFHs to be placed are for long- or
short term usage. These two types of FFHs have different needs and therefore also different needs
when it comes to spatial information. A long term FFH needs a location that is permanent and floods
and the surrounding area have more influence on the suitability of a certain area. Long term FFH are
often used to support existing facilities which have been damaged or completely destroyed in the
disaster occurred. However, with a short term FFH the requirements are not as high. In future studies
it would be necessary to distinguish between short – and long term FFHs.
The damage data used in this analysis is (largely) based on 2D imagery. Using solely this type of
imagery renders it difficult to correctly assess the damage grade in some cases. Future research could
include looking at using laser scanning data as a complement to 2D imagery.
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Appendix A
Questionnaire regarding field hospital locations
We are currently working on our Bachelor's Thesis ’Assessment of Placing of Field Hospitals After the
2010 Haiti Earthquake Using Geospatial Data’ at KTH - Royal Institute of Technology in Stockholm.
The objective of the thesis is to find adequate data collected as soon as possible after the earthquake
and perform a localization analysis to find suitable locations for field hospitals. This will then be
compared with actual field hospital locations for the Haiti earthquake.
We have looked into several factors that have importance when making a localization analysis and
would like to ask for your help when compiling these factors together.
1. How do you/your organization work when finding a place for a field hospital? Are there any
specific circumstances you take into consideration?
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
2. Please rank these factors from 0-10 depending on their importance in location of field
hospitals
(0 not important at all, 10 very important)
Population density
Accessibility to airports
Accessibility to roads
Nearby heavily damaged areas
(assuming more patients there)
Nearby hospitals, operational
Nearby hospitals, damaged
Proximity to water, e.g. rivers, lakes
Climate, risk for flooding etc.
Surface at site, e.g. grass, asphalt etc.
Open land publically owned preferred

_____
_____
_____
_____
_____
_____
_____
_____
_____
_____

Any other geographic factors you may think are important and should be considered:
______________________________
_____
______________________________
_____
______________________________
_____
______________________________
_____
3. Which areas or land use types that should be avoided:
____________________________________________________________________________
____________________________________________________________________________
4. Other
89

____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
____________________________________________________________________________
Thank you!
Caroline Ivarsson, Erik Blänning
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