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ABSTRACT

This mixed-method, interdisciplinary research explores the use of geomatics in

disaster management. A taxonomy classifies examples into various integration levels to

enable practitioners to identify successful uses of geomatics. Results from a web-based

survey of practitioners and educators highlights the disconnect between education,

practice and software development, and the benefits and challenges of using geomatics.

Finally, a case study undertaken with the Rural Municipalities of Headingley, Cartier and

St. Francois Xavier in Manitoba, Canada, incorporates the knowledge gained from the

taxonomy and web survey into an operational emergency plan. The case study shows that

appropriate geomatics integration is based primarily on an analysis of the requirement for

expert knowledge, and physical and organizational challenges. The study also reveals an

opportunity to use apafücipatory geomatics risk andhazard assessment approach to

engage community members in the disaster management process to assist practitioners in

developing plans that reflect community priorities and values.
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1. INTRODUCTION

Throughout the world the number of people living in regions susceptible to

hazards is increasing and the potential for disaster brought on by events such as

earthquakes, hurricanes, and flooding is growing (Mileti, 1999). For instance, as a result

of the sense of safety provided by structural mitigation projects, the United States has

seen a rapid population increase in regions prone to earthquakes as well as in low-lying

costal communities susceptible to hurricanes and flooding (ibid). Additionally, in many

developing countries, due to growing wealth inequality and rapid-urbanization,

vulnerability has increased for the many people forced into informal settlements in search

of work and affordable housing; these settlements are often located in areas subject to

both natural and other environmental and social hazards (Chadha et al., 2007; Mileti,

1999; Oelofse,2002; Wisner and Luce, 1995). It is under these circumstances that recent

natural hazards have resulted in high numbers of fatalities, economic losses, damage to

the environment, and have had adverse effects on the livelihoods of wlnerable

populations (Haque and Burton, 2005). As anticipated by many, the trend of mounting

economic losses and escalating vulnerability is continuing (Mileti, 1999). A recent

Oxfam report indicates that the average number of yearly disasters has risen from 120 in

the 1980s to around 500 in 2001, and the number of people affected by disaster events

has risen by 68 percent to 254 million since i985 (Sinnott, 2007).

Both the impact and response to disasters such as the 2004Indian Ocean

earthquake and tsunami, and Hurricane Katrina were unprecedented; however, in these

and other cases, decision makers lacked key information such as critical base mapping

data. Decision makers were also unable to effectively communicate with one another and



relief organizations were not always aware of the regional priorities or tasks being

undertaken by other agencies (Kelmelis et a1., 2006; Yarbrough and Easson, 2005). In

fact, the International Federation of Red Cross and Red Crescent Societies 2005 World

Disaster Report labeled the tsunami relief effort as a "messy relief operation, in which

information circulated badly and coordination at times appeared non-existent" (p. 81). If

vulnerabilify continues to increase and the impact of hazard events continues to intensify,

there will be an increasing need for improvements in disaster management.

Wu¿,T IS DISASTER MANAGEMENT?

Haque (2000) defines a disaster as "a calamity which has resulted or may result in

the loss of life or serious harm or damage to the safety, health or welfare of people; or

damage to property or the environment" (p. 231). Within the context of this thesis, severe

storms, floods, droughts, earthquakes, or fires arehazards, but in order for an event to be

considered a disaster, it must impact humans or the built environment (Mileti, 1999).

Disaster management is best articulated in the definition put forward by The United

Nations International Strategy for Disaster Reduction:

. fDisaster management is the] systematic process of using administrative
decisions, organization, operational skills and capacities to implement
policies, strategies and coping capacities of the society and communities
to lessen the impacts of natural hazards and related environmental and
technological disasters. This comprises all forms of activities, including
structural and non-structural measures to avoid (prevention) or to limit
(mitigation and preparedness) adverse effects of hazards.

-Intemational 
Strategy for Disaster Reduction, 2004

The activities that are undertaken within the context of disaster management are often

classified into phases of a disaster cycle or model (Cutter, 2006; Lemmens, 2005, Mileti,



LggÐ.1The traditional phases include preparedness, response, recovery and mitigation.

Examples of the activities that occur within these phases may include the identif,rcation

and evaluation of risks (Ferrier and Haque,2003), establishment of community

emergency preparedness plans (Pearce, 2003), construction of mitigation structures or

taking mitigating actions once risks are known (Haque, 2000; Haque and Burton,2005),

responding efficiently to disaster events (Fiorucci, et aL.,2005), and completion of a

reconstruction project after a disaster. Disaster management is an important function, one

that is often overlooked and easily dismissed in lieu of other priorities.

TTTB usp oF TECHNoLoGY IN DISASTER MANAGEMENT

It seems that technology has permeated almost every aspect of society and is

becoming increasingly important, particularly in the West. Many people now rely on

iPods, cellular phones, e-mail, text messaging, and the Internet to go about their daily

lives. The use of technology in disaster management began in the United States in the

1950s, in response to the threat of nuclear war with the Soviet Union (Mileti, 1999).

Many people believe that technology makes us safe (ibid.). For example, structural

mitigation approaches (e.g., engineered solutions, such as the floodway in Winnipeg,

Manitoba, or the levees in New Orleans, Louisiana) and the installation of waming

systems fosters a feeling of safefy in many communities. However, many citizens,

particularly in urban areas, are likely unaware of all of the risks and hazards in their

community.

It seems inevitable that the use of technology will also become increasingly

important in the field of disaster management and participants in this research highlight

' The term 'disaster management' is used throughout this thesis but it also could mean emergency
management, emergency coordination, and disaster coordination.



both the potential benefits of technology as well as the caveats for its use. V/hile a

discussion of specific risks associated with the use of technology, such as technological

failure, or a failure of the nation's communication or electrical infrastructure, is beyond

the scope of this thesis, it is important to acknowledge the trade-off associated with the

use of technology. When technology is implemented new risks are introduced and it is

possible to become over dependent on it. Notwithstanding this, if used appropriately,

technology can empower marginalized groups and provide an opporhrnity for those who

may often be excluded from activities to participate and to be heard.

If further use of technology in disaster management is inevitable, it becomes

important to investigate technolo gy thar.could improve disaster management and benefit

both disaster managers and the public (including communities and marginalized groups).

For instance, as the public gains a better understanding of technology that has, to date,

only been used by professionals, disaster managers may be able to harness its power to

increase community capacity and participation, improve citizens' understanding of risk,

and facilitate communication between the public and disaster managers and among

practitioners themselves. Geomatics is an example of such technology.

Wuar IS GEoMATrcs rECHNoLocy?

Geomatics is the science of gathering, analyzing, interpreting, distributing and

using geographic information to help us understand the earth and our location on it

(Geomatics Canada,2004). Geomatics draws upon, among other things, the use of global

navigation satellite systems (GNSS) such as the global positioning system (GpS),



geographic information systems (GIS), and remote sensing (RS).t The everyday use of

spatial data collected with these technologies is increasing, with common civilian uses

ranging from vehicle navigation to interactive maps. Geomatics technologies also provide

accurate positioning and enhanced mapping capabilities to surveyors, allow the media to

visually present a situation to the public, and allow law enforcement agencies to track and

monitor the location of people and vehicles.

Geomatics is a location-based science and the use of geomatics in disaster

management is a natural fit because location is a key element of disaster management.

Almost everything in a disaster, including the event, resources, hazards, and people, are

referenced by location (Gunes and Kovel, 2000; Kevany, 2005; Parker and Stileman,

2005). According to the current academic literature, however, not all disaster managers

have embraced the use of geomatics technologies (Cai and MacEachren, 2005; Cutter,

2006; Jacobson, 2006; Misra and Enge, 2006).It is uncertain whether disaster managers

are unaware of these technologies, are not educated in their use, or feel that geomatics

solutions are too costly or inappropriate for use in this field.

PT,ncTNc GEoMATICS IN DISASTER MANAGEMENT THEoRY

Mileti's (1999) Disasters by Design introduces the concept of "sustainable hazard

mitigation" (p. 2). Mileti argues that part of the shift towards sustainablehazard

mitigation requires that communities are empowered and develop local risk assessment

maps to assess wlnerability at a local level. Similarly, Pearce (2003) suggests that

disaster management practitioners must adopt a community-based approach tohazard

identif,rcation, risk assessment, and emergency planning to ensure sustainable hazard

2 Throughout the remainder of the thesis geomatics will refer to the use of GNSS, GIS and RS
technologies.



mitigation. She suggests that community members must have the opportunity to integrate

their local knowledge and commnnity perspective into the disaster management process.

As such, this research begins with the understanding that technology - specifically

geomatics technology -can be used to increase community participation and empower

marginalized groups by providing an opportunity for the entire community to participate

in the hazard and risk identification process. However, practitioners and experts

attempting to use geomatics with this intent must keep in mind that maps àÍe "a reflection

of our own ideological or cultural perception of the world" andthat not all maps are

equally accessible and understandable to all researchers, practitioners, community

members, the public, and policy makers (Kassam and Graham,1.999, p. 201).

RssBaRcH PURPoSE AND oBJECTtvES

The inspiration for this thesis came while attending the 3'd International Symposium

on Geo-information for Disaster Management in Toronto, Ontario, in May 2007. Many

presenters at the conference demonstrated the advances and important research currently

taking place at universities.and in the private sector regarding the use of geomatics in

disaster management. It was, however, surprising that the use of local or practitioner

knowledge in the solutions to disaster management problems seemed to be omitted. For

example, many researchers reported deriving new algorithms for image analysis,

developing software, and writing equations to quantifo positioning errors, but the research

outcomes generally lacked local meaning, appeared difficult to apply to day-to-day disaster

management activities, and seemed mostly beyond the understanding of people outside the

disaster or geomatics research community. Indeed, the solutions proposed often seemed too

complex, inappropriate, or costly for most disaster management applications.



This led me to question whether the priorities of researchers, practitioners, and

software developers are aligned with regard to issues related to emerging technologies. Do

the solutions put forward by researchers and software developers at conferences and in

academic joumals meet the needs of practitioners? Can practitioners incorporate these

solutions into their daily work? And do they want to? Marincioni Q¡¡7)asked similar

questions in a study about the impact of information technology on the sharing of disaster

knowledge. He reports a disconnect befween academics and practitioners, in that only one-

third of the practitioners who participated in his research regularly read academic literature.

In examining these questions, this thesis takes a pragmatic approach and builds on

the growing body of work that seeks to move towards sustainable hazard mitigation. The

purpose of this research is to explore the role of geomatics in disaster management and to

investigate geomatics solutions in a real-world context while collecting information from,

and working with, a disaster management practitioner.

Within this context, I had the following four objectives:

1) to demonstrate how geomatics is currently used in disaster management;

2) to evaluate the current use of geomatics in disaster management, and

determine whether there is a disconnect befween practice, education, and

software/hardware development;

3) to develop criteria for practitioners to use when selecting the most appropriate

geomatics technologies in specific disaster management scenarios; and

4) to outline recommendations for practitioners to incorporate apafücipatory

geomatics risk and hazard assessment process that values local knowledge and

increases community participation into disaster management.



Rrsr¿,RcTI METHoDS

This study contains original research that was collected using a mixed-methods

design within an interdisciplinary approach. This is pragmatic research that promotes

sustainable hazard mitigation and seeks practical solutions that address real-world

problems encountered by disaster management practitioners (Mileti, 1999).I selected

several research methods - a literature review, development of a taxonomy, a cross-

sectional web-based survey, and a case study - because this combination integrates the

experience of educators, practitioners, and professionals into solutions for a problem

(Creswell, 2003). This combination of methods also contributes to the validity of the

conclusions because I was able to integrate data collected during the case study and

survey with information obtained through the literature to draw conclusions.

This research began with a literature review to establish the baseline knowledge

for the use of geomatics in disaster management and the direction of current research in

this area. Based on the literature, I classified the uses of geomatics into a taxonomy to

understand how geomatics technologies have been successfully used in various disaster

management situations. The taxonomy is a visual tool that highlights the connection

between geomatics and disaster management in a user-friendly format. It is particularly

valuable as a way to disseminate information to practitioners who would like to use

geomatics for the first time. It was necessary for me to develop the taxonomy because

practitioners are seeking guidance on selecting a technology configuration that matches

their requirements, circumstances, and applications. Additionally, because the taxonomy

was built from expert knowledge, practitioners can benefit from the experience of others

and learn about successful uses of geomatics so that they might focus their time and

efforts on other priorities.



In seeking solutions to real-world problems it is important to obtain information

from those who are working to solve these problems. The specific data required for this

inquiry has not been included in previous research and as such, I sought to collect

information directly from educators, disaster management practitioners, and the

developers of geomatics technologies using a cross sectional web-based survey. This

survey was designed to collect data on the actual use of geomatics tools in disaster

management and the challenges for doing so. The data collected in this portion of the

study was primarily quantitative and was analyzed using established statistical data

analysis procedures. Some of the information gained and questions raised during this

inquiry were then explored in the case study.

Finally, I used a case study to investigate the use of geomatics technologies within

the emergency preparedness plan preparation process and expanded this knowledge to

develop criteria for determining the most appropriate geomatics technologies for disaster

management. Additionally, while working on the case study, an opporhrnity emerged to

suggest that a geomatics-based participatory risk andhazard assessment approach can be

integrated into disaster management. This case study was guided by the emergency

coordinator for the Rural Municipalities of Headingley, Cartier, and St. Francois Xavier

in Manitoba, Canada. These communities were an ideal setting for this case study

because they were in the process of amending and updating their emergency plans to

address issues encountered during the response to a tomado that caused extensive damage

in the town of Elie, Manitoba, in June 2007. A case study approach was the best method

for this research because both the case study design and the format of the narrative are

flexible and allow for the use of different data collection techniques and the inclusion of



personal experience and knowledge (Yin, 2003). For example, conducting an in-person

interview allowed me to incorporate the knowledge gained directly from a practitioner,

while attending workshops and seminars provided a venue to communicate and work

closely with other practitioners, and working directly with one specif,rc practitioner

allowed me to gain direct personal experience of the process and procedures that are used

to prepare an emergency plan.

SrcNtplcaNCE oF THE RESEARCH

This project is academically significant because it contributes ideas for how the

use of geomatics could help facilitate the shift towards sustainablehazard mitigation. The

taxonomy provides disaster management practitioners with a summary of the current use

of geomatics in this f,ield and reveals the most appropriate geomatics configuration for

activities undertaken in each phase of the disaster management cycle. The web-based

survey results provide new information regarding the use of geomatics in disaster

management and user insight into the challenges and benefits associated with its use. The

web-survey results also provide evidence of a disconnect between practice, education, and

software development. The case study outlines criteria that might be used by practitioners

to determine an appropriate geomatics integration level and demonstrates that practitioners

can enhance the risk andhazard assessment process by using a geomatics-based

participatory risk and hazard assessment model. This approach provides an avenue for

practitioners to engage community members and local community groups in planning and

gives them the opportunity to set priorities for protecting life and infrastrucfure that reflect

community priorities and values. In particular, this approach could be very interesting for

t0



marginalized groups because maps and assessments can be prepared in an easy-to-

understand format that represents and reflects their views and concerns.

This research also explores the use of geomatics in a real-world context and this

portion of the study has important practical applications. The criteria developed for

determining the most appropriate geomatics technologies to obtain the information

required for disaster management could guide the use of geomatics in other jurisdictions

and ensure that they too, can achieve the benefits from the use of geomatics. Finally, a

new emergency plan and improved mapping is available to the RMs of Headingley,

Cartier and St. Francois Xavier for use in any phase of the disaster management cycle.

Tunsrs oRGANrzATroN

This thesis is presented in eight chapters. Following the Introduction, Chapter 2

provides a literature review arranged according to three main themes: geomatics

technologies, disaster management, and applications of geomatics to disaster

management. Chapter 3 describes the specific research methods used to complete this

study. In Chapter 4 I build a disaster management-geomatics taxonomy that demonstrates

the ways in which geomatics technologies are currently, and eff,rciently, used in each

phase of the disaster management cycle. Chapter 5 presents the results of the web-based

survey. The survey results and their implications are further discussed and analyzedin

Chapter 6. Using a case study approach, Chapter 7 examines the practical application of

geomatics technologies for the Manitoba rural municipalities of Headingley, Cartier, and

St. Francois Xavier, and provides suggestions for how a geomatics approach can be used

to create meaning and improve disaster management. Finally, Chapter 8 summarizes the

research and provides conclusions and recommendations for future research and practice.
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2. IDENTIFYING THE GAPS: A REVIEW OF THE LITERATURE

This chapter draws on a global body of academic literature to assess the present

state of adoption of geomatics in disaster management and to identify any gaps in current

knowledge. This review includes textbooks and peer-reviewed articles published in

academic journals with a geomatics and disaster management focus. Many of the

examples are described in papers presented at one of the two most recent International

Symposiums on Geoinformation for Disaster Management held in March 2005 and May

2007. Although much research has been conducted about the use of geomatics in disaster

management, significant challenges remain for the use of geomatics in this field.

This literature review is divided into three sections. It begins with an exploration

of geomatics technologies, including a brief overview and introduction to global

navigation satellite systems (GNSSs), geographic information systems (GIS), and remote

sensing (RS). These technologies have the potential to provide accurate, reliable

geospatial datathat can be used in all phases of the disaster management cycle. The

second section defines and explores the tenets of disaster management relevant to this

research, and introduces the traditional disaster management model. The third section

focuses on the application of geomatics to disaster management and identif,ies some of

the challenges that must be overcome before its use can be fully realized.

GBouaucs rECHNoLocrEs

Geomatics technologies include GNSSs, GIS, and RS. These technologies are

being applied successfully in many different professions and the potential applications to

them, as well as to disaster management seem endless. GNSSs is the generic name that

describes the new generation of satellite navigation systems. Several GNSSs are currently
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being developed and will provide enhanced positioning information as well as other

communication and timing services to a variety of users. The Global Positioning System

(GPS) is currently the most well known GNSS and it is rapidly becoming critical for

many nations as more people and activities come to depend on it. A GPS receiver built

into a cellular phone, vehicle, or hand-held positioning device can provide a reasonably

accurate position anywhere on earth (Jacobson, 2006). Cell phones and vehicle

navigation and tracking devices are currently the two largest markets and growth areas

for GNSS technology and GPS has already been integrated into recreational activities

such as hiking, boating, jogging and position-based games (Misra and Enge, 2006).

Invasive uses such as tracking rental vehicles and people are also becoming more

common. The design of new GNSSs is such that they can be integrated with GPS to

provide improved position accuracy, robustness, and integrity, which are crucial to any

positioning system. The use of GNSSs in all phases of disaster management seems to be

somewhat behind the use of other geomatics technologies. Proof of this was found in

Chiu et al.'s (2002) research about the response to a recent earthquake in Taiwan where

only one of thirty-seven international rescue teams brought GPS as part of their standard

rescue equipment. However, GNSSs are also be used in other phases of the disaster

management cycle to ground truth maps or to mark the location of hazards or resources.

The use of GNSSs in every-day life is increasing and with only minor adaptation, it may

be possible to add positioning information into emergency response activities to improve

the navigation and decision-making abilities of rescue workers, search-and-rescue teams,

and disaster managers. However, this e¡pansion may be limited by security concerns and

the lack of a legal framework outlining the use of GNSSs. Physical limitations such as
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tree cover and dense urban environments will always exist, and positioning techniques

that compensate for these conditions are now being investigated. Additionally,

development of standards, policies, and procedures surrounding the use of GNSSs in

disaster management are currently not well established.

A GIS consists of a powerful database linked to digital maps that allow users to

retrieve geographically referenced (i.e. geospatial or location-based) information and the

attributes or characteristics of those objects (Laurini and Thompson, 1992). The use of

GIS in disaster planning andhazard assessment is well documented and has increased

significantly in recent years (Kelmelis et a1.,2006). GISs have been used to assess hazard

rulnerability and risks, to plan, monitor and evaluate hazards,and to map response

activities (Cai and MacEachren,2005; Ferrier and Haque,2003; Kaiser et a1.,2003). Uses

in the post-disaster period include the mapping of hazard zones, coast lines, forests, and

water resources, and maintaining inventories of critical infrastructure and their locations

(Kelmelis et a1., 2006).Its use, however, in disaster management activities that require

location analysis has neither been completely realized nor well documented (Cai and

MacEachre n,2}}5;Vasardani and Flewelling, 2005). Expansion of the use of GIS and

enhancements to risk and vulnerability prediction models for disaster management is

limited by a lack of social models and the inability of GISs to manage social factors such

as wealth disparify and variable vulnerability. Not'withstanding this, GIS is becoming

commonplace in most public and private ventures that require geospatial information and

many different software systems are widely available.

RS involves collecting, analyzing and interpreting information about an object

without actually coming into contact with it (Rees, 1990). RS data is often used as base
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mapping information (e.g. pictorial background), to extract thematic map layers (e.g. land

use, vegetation type), or to generate a digital elevation model. It usually consists of

visible, mid- and near-infrared, and microwave length portions of the electromagnetic

spectrum recorded using avariety of photographic and digital sensors mounted on aircraft

and satellites. This type of data constitutes a large proportion of many GIS databases.

RS data is generally readily available and can be used and interpreted with

specialized software by experienced users. Kerle and Oppenheimer (2002) describe the

use of RS in response to a lahar (i.e. landslide) triggered by Hunicane Mitch in north-

western Nicaragua. Their study concluded that RS would not have significantly improved

the response to this event because the images were obscured by clouds, and they also

encountered other logistical and data-related problems while using the imagery. Thus,

they highlighted some of the challenges, advantages, and disadvantages for the use of RS

in disaster management. However, since Kerle and Oppenheimer's attempt to use RS,

new earth observation satellites have been launched, and further research has been done

to improve RS data processing. Indeed, RS data played an important role in response to

both the 2004Indian Ocean earthquake and tsunami, and Hurricane Katrina (Kelmelis et

a1.,2006; Yarbrough and Easson, 2005).

DlsasrBR MANAGEMENT

The academic literature provides many strategies to minimize damages that may

result from disasters. These include identiffing risks, developing preparedness plans,

building structures to lessen the impacts of events, and coordinating response or

reconstruction efforts. All of these activities fall within the realm of disaster management

and decisions related to the coordination of these activities are often assigned to a disaster
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management practitioner. Disaster managers work to save lives and reduce damage to

property before, during, and after emergencies and disasters. Many communities and

international organizations employ disaster managers and it is an important function.

However, regardless of best efforts in planning and mitigation, disasters will continue to

occur and as population densities increase in areas vulnerable to natural disasters in both

the developed and developing world, logistical demands on disaster managers intensify

and the need for improved disaster management will remain high.

Dis øster mønøgetnent activities

Activities that occur within the context of disaster management are often

classif,red into the phases of the disaster cycle or model (Cutter, 2006;' Gunes and Kovel,

2000; Kelly, 1999; Lemmens, 2005;Neal, 1997). Traditionally these phases include

preparedness, response, recovery, and mitigation, and were established to organize

research and classify and describe activities. This model has been criticized for its

inability to recognize the non-linear progression, interconnectedness or overlap of tasks

undertaken in disaster management Qrleal, 1997). For example, tasks undertaken in a

recovery context often have mitigation and preparedness elements and these tasks are

difficult to classifu within traditional disaster phase models. There is currently much

discussion amongst disaster management practitioners about the relevance of the

traditional model. Based on recent postings to the International Association of

Emergency Managers (IAEM) discussion list, many practitioners now believe that the

model should also include a prevention component and others believe it should be

expanded to eight phases (IAEM Discussion List, n.d.). Since there is no agreement

amongst practitioners regarding the model, in this thesis, I continue to refer to the
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traditional model. Accordingly, I have grouped disaster management tasks into phases

based on the following:

o Preparedness - Tasks undertaken within the preparedness phase include

assessing risks, determining objective risk, clariffing perceived risk,

estimating vulnerability, and identiffing hazards (Ferrier and Haque,2003).

This activity also includes the development of emergency response plans

(Lemmens,2005).

. Response - During response, the emergency workers are at the scene of the

event (ibid.) and the emergency manager and coordinators require appropriate

information in a timely, easy-to-understand manner.

o Recovery - Tasks within the recovery phase occur after the immediate relief

needs are met, and involve planning and reconstruction efforts in order to help

survivors continue with their lives (Gunes and Kovel, 2000; Lemmens, 2005).

o Mitigation - Once the event has occurred or risks are known, mitigation tasks

are undertaken to reduce losses from future events (Gunes and Kovel, 2000;

Haque and Burton, 2005).

AppltcarloNs oF GEoMATICS To DISASTER MANAGEMENT

The use of geomatics tools has already benefited some disaster managers and

there is an increased willingness on the part of many practitioners to use them. For

example, geomatics provided improved risk analysis, cartographic functionality,

information about the location and extent of the affected area, the risk to life and

infrastructure, estimates of the number of people potentially affected, and information
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about other hazards, which enhanced decision-making capabilities in response to the

2003 California wildfires, Hurricane Katrina, and the 2004Indian Ocean earthquake and

tsunami (Johnson, 2005 ; Kelmelis et al., 2006; Kerle and Oppenheimer, 2002; Yarbrough

and Easson,2005). However, it seems that not all practitioners are aware of geomatics

technologies or know how to incorporate geomatics into disaster management. For

example, the literature raises questions about how geomatics technologies are

implemented and what level of implementation is required for effective decision making

in all phases of the disaster management cycle (Holledig, 2005; Kelmelis et al., 2006;

Vasardani and Flewelling, 2005). Practitioner uncertainty is further compounded because

the data requirements, timelines, and final products are different for every project, and

not every situation requires the use of all available geomatics tools to be effective. A

possible explanation for the confusion amongst practitioners is that the information they

require to make a decision about the use of geomatics in disaster management is not

reaching them. For instance, Marincioni (2007) noted that only one-third of the

practitioners who participated in his research regularly read academic literature and the

presentations and conference proceedings from the 3rd Intemational Symposium on Geo-

information for Disaster Management highlighted a need for more local and user input

into geomatics-related solutions to disaster management problems. As such, an

opportunity exists to develop a new approach to disseminate information to practitioners

(Mileti, 1999).

Other key ideas explored within the literature are that geomatics tools facilitate

the flow of timely, relevant, and accurate geospatial information to improve decision-

making, provide the ability to manage multiple activities, and facilitate communication
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through the use of visualizations, simulations, and maps. However, the use of geomatics

to engage the public in understanding risk has yet to be fully explored. This is a

significant omission because the use of geomatics may help build capacity within

communities to analyze local hazards and encourage meaningful risk communication

between residents and authorities. Additionally, geomatics can be used to solicit

community support for disaster preparedness and will allow practitioners to build

consensus and engage stakeholders in the emergency planning process (Mileti, 1999).

Geomatics canplay a role and provide information to assist decision makers in all

phases of the disaster management cycle. However, afrcr areview of the literature it

became apparent that geomatics has great potential to improve disaster management in

the context of a large-scale event, a complex humanitarian emergency, or a catastrophe.

In these cases, because the damage is so intense, all community functions are intemrpted,

local off,rcials are unable to undertake their regular duties, and agencies from around the

globe are asked to provide assistance (Rodríguez, et aI.,2006). Practitioners from outside

the event area do not have local knowledge and can use geomatics technologies for

navigation purposes and to gain situational awareness and an understanding of local

conditions including the local landscape.

CHaI,I-nNCES FoR THE USE oF GEoMATICS IN DISASTER MANAGEMENT

While increases in decision-making ability and communication appear significant,

the scholarly literature also highlights the many challenges that face those using

geomatics technology in disaster management. These challenges can be classified into

organizational, economic, cultural, and hardware and software. Organizational challenges

include the logistics of data acquisition, data quality, and data sharing. Economic
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challenges relate specifically to the costs of equipment, data acquisition and maintenance.

Cultural challenges are exemplified by legal and security concerns. Hardware and

software challenges include a lack of communication infrastructure, data storage

capacity, and poor computer-user interfaces as well as physical challenges.

Org ønizational chøllenges

The use of geomatics and spatial data in disaster management is not well

established and standards pertaining to data quality control, assurance, and sharing are

not yet fully developed. A lesson learned from the Indian Ocean tsunami and other

response efforts is that a coordinated response is required to ensure effective results, and

the success of response efforts often depends on the ability of organizations to work

together (Comfort and Kapucu,2006; Holledig, 2005). Those using geomatics must

address these organizational challenges and work together to improve the flow of

information from acquisition to the decision maker (Kerle and Oppenheimer, 2002).Data

must be acquired in a timely manner, be reliable and accurate, up to date, spatially

referenced, in a standardized format, at an appropriate scale, relevant to tasks, presented

to the decision maker in an easy-to-understand format, and compatible with other data

(Cutter, 2006; Erharuyi and Fairbairn,2005; Kelmelis etaI.,2006; Parker and Stileman,

200s).

Since it is often impractical to collect data before an event, data must be collected

quickly after the event and pieced together from many sources. This often requires

negotiations with data holders to acquire data and communicating or sharing data with

other organizations that may not have similar experience, thatmay not be comfortable
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working as part of a team, or that have not worked together in the past (Diehl and van der

Heide,2005).

Data sharing and team-work challenges can be resolved. For example, in2003 a

group called the Mountain Area Safety Taskforce (MAST) was formed from local

municipalities, search and rescue teams, and data providers to develop an integrated

multi-agency plan to fight wildfires in Califomia. The group used geomatics to facilitate

communication and gain an understanding of the coÍrmon problem, which allowed them

to join forces and perform better than any one agency could have on its own (Johnson,

2005). This team was able to overcome many of the organizational challenges, but still

encountered significant challenges in terms of ensuring data quality and when integrating

data from outside sources.

Economic chøllenges

Cost is a significant factor when implementing any new technology and could

limit the use of geomatics in disaster management. No organization is able to populate

databases waiting for a disaster to occur because this is beyond their physical and

economic capabilities (Cutter, 2006). While the cost of GIS and GNSS software and

equipment has been steadily decreasing, the prohibitive costs, labour, and expenses that

occur in the data acquisition stage continue to increase. For example, costs to acquire and

piece together existing data into a simple landmine location database for Yemen, Chad,

and Thailand were estimated at $2 million USD (Benini et a1.,2003). It is often no more

cost effective to collect data after an event. For instance, after a landslide in Nicaragua,

cloud cover obscured the satellite images on the initial pass, which made the images

unusable. To change the satellite's data acquisition priority for an immediate second pass
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would have cost $1 million USD and, as a result, it took several weeks to obtain useful

images (Kerle and Oppenheimer, 2002). Researchers developing a methodology to

implement GIS to emergency response in Kansas also encountered economic challenges.

They found that the data collection portion of the work was larger than expected and

eventually they abandoned plans for an entire database due to increasing costs.

Additionally, they noted that even had they been able to collect the data, the construction

and maintenance requirements of the database were beyond the budget and time allocated

for the project (Gunes and Kovel, 2000). Economic challenges will continue to be a

significant barrier to the use of geomatics in disaster management and finding ways to

minimize or resolve this challenge will be extremely difficult.

Culturøl chøllenges

Next to economic challenges, the literature identifies cultural challenges as

possibly the biggest impediment to the use of geomatics in disaster management. For

instance, privacy concems are a major factor limiting the use of GPS and its use to track

workers, rental vehicles, and children has recently gained negative media attention

(Jacobson, 2006). Also, there is an ongoing debate befween users who see satellites as an

"eye in the sky," which provide the opportunity to see things that cannot be seen from the

ground, versus those who fear the "big brother" aspect and the use of data against the best

interests of the public (von der Dunk, 2005). In addition, for citizens and rescue workers,

particularly those working and living in areas with known risks and where events have

occurred in the past, the use of geomatics may not be appropriate. In these locations

response to hazards may be practiced and automatic and standard emergency procedures

have likely been developed (Perry and Lindell, 2003). Also, the use of GIS for predicting
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and assessing damage is limited by a lack of social models and the inability to account for

losses due to subsequent events or social factors such as poverty and community

dynamics (Badal et a1.,2005). These factors cannot be ignored and likely contribute to

the reluctance towards the use of geomatics.

Also, although the use of spatial data and geomatics in the field of disaster

management is increasing, a legal framework for its use is not well established. Several

important international agreements that 'regulate' the use of data obtained from satellites

include the UN Declaration on Principles Related to Remote Sensing of the Earth from

Outer Space, Resolution 4T165 (von der Dunk, 2005), the International Charter 'Space

and Major Disasters' (ibid.), the Global Monitoring for Environment and Security

(GMES) project (Boes,and Stoyneva,2006; Lemmens, 2006), the Respond Project

(Holledig, 2005), the United States Commercial Remote Sensing Policy (Lemmens,

2006), and the Code of Conduct for Disaster Relief (Walker, 2003). These agreements,

resolutions, policies, codes and charters are not all binding legal documents, which makes

it difficult to determine and assess violations, and almost impossible to impose apenalty

for any violations. Before the use of spatial data becomes common and accepted practice,

legal issues surrounding its use, including assigning liability, require fuither

investigation. The lack of a legal framework may cause some data holders to think twice

about contributing to relief efforts for fear of legal reprisal.

Hurdwøre ønd sofn+tare challenges

A common theme running through several examples in the literature is summed

up by Cai and MacEachren (2005), who note that "the major impediments of GIS as a

decision aid to crisis managers is not the availability of spatial data and analytical
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models, but instead the user's ability to access decision-relevant information through

human-computer interfaces" (p. 416). This implies that there are currently no off-the-

shelf GIS products that will adequately meet the needs of disaster managers. This

statement is reiterated in several scholarly articles that describe situations in which users

needed to add extra modules to GIS software or analyze data outside of the GIS to obtain

the results required for decision making (Sugimoto et al., 2003; Toyos et a1.,2006; Wu et

a1.,200I; Zerger and Wealands, 2004). This challenge can be overcome by working

closely with practitioners to gain valuable insights on what is required in the software and

communicating this information to system designers.

There is a common perception among practitioners that operating GIS software

requires a high level of expertise. Indeed, many researchers identify the requirement for

expertise, and the factthat there are very few experts, as a limiting factor for geomatics

use (Benini et a1., 2003; Cutter, 2006; Kaiser et al., 2003). Data storage and the amount of

time it takes to search databases are also commonly discussed problems. Databases and

image files contain large amounts of data and new database search tools or new ways to

perform searches are required because large volumes of data often overwhelm data search

tools (Kelmelis et a1.,2006; Wachowicz and Hunter, 2005; Zerger and Wealands, 2004).

The perception of complexity, the use of external modules, and current search capabilities

all signal an opportunity to simplify the technology, develop training modules, and

improve user-computer interfaces.

There are also physical limitations to the use of geomatics technology. GNSSs are

line-of-sight positioning devices and although they works well in all weather conditions,

a clear view ofthe sky is required to ensure that signals from satellites are received and
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positions are calculated correctly. Improving the ability to receive a GNSS and cellular

signal is ongoing but there are limitations for using GNSSs in heavily forested and urban

areas. Satellite image data is also affected by line-of-sight, and problems encountered

when using visible spectrum satellite data include cloud cover, vegetation cover, poor

resolution, and the time it takes to receive data from an initial or second pass (Kerle and

Oppenheimer,2002). Using all available data, such as data in the infrared spectrum,

offers improvements in some areas and limitations in others. Also, if data from the

Internet is being used and communication is conducted using cellular phones, the

appropriate infrastructure must be in place in the event location for it to be effective

(Kelmelis et a1.,2006). The existence of communications infrastructure limits data

sharing and the use of complex technologies in many developing countries. Models that

propose ways to work around these physical limitations must be developed because they

will always be present and are often beyond the control of disaster managers.

Dnctslol't MAKING

The primary reason for the integration of geomatics into disaster management is

to improve decision making. Traditional hierarchical decision-making models that use a

top-down linear approach tend to break down in crisis situations and will definitely break

down if communication lines are disrupted. Non-linear models that contain overlapping

authorities, and do not start or end at certain points or stages, are better able to handle

complex changing conditions. For example, the auto-adaptation model proposed by

Comfort and Kapucu (2006) seems to have unlimited potential when used in conjunction

with geomatics. This decision-making model is intended to improve inter-organizational

performance and to encourage collaboration, and is the most suitable model for use in
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complex disaster events. The model is built on the ability to learn and adapt to new

information, and acknowledges the requirement for an appropriate information support

structure (ibid.). Some emergency plans may not address the possibility that the

communication lines will be cut off or that decision makers could become victims. In an

auto-adaptation model each component of the plan is independent from the others

ensuring that duplication is avoided and all priorities are addressed. However, I was

unable to locate documentation or examples of a geomatics-based decision-making

system capable ofaddressing the non-linear nafure ofevents and that can be incorporated

into non-hierarchical emergency preparedness plans.

Suuru¡nY

Existing literature suggests that the use of geomatics is improving decision-making

abilities and facilitating communication between politicians, authorities, emergency

managers, and rescue workers. However, researchers and practitioners continue to face

significant organizational, economic, cultural, and hardware and software challenges upon

implementation. These challenges will be difficult to resolve, but the literature provides

several recommendations for overcoming them. For example, managers can share data and

only concentrate on task-specifi c data.However, even if these techniques are used, cost and

data quality and quantity will continue to be issues and the data must be current and

accurate so as not to cause undue delay or confuse decision makers (Benini, et aL,2003;

Erharuyi and Fairbaim, 2005; Parker and Stileman,2005; Wachowicz and Hunter, 2005).

These challenges are explored throughout this thesis and a straightforward pragmatic use of

remote sensing in disaster management that addresses them, as well as some of the

questions being asked by practitioners, is described in Chapter 7.
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3. METHODS

The research objectives for this study were broad and best answered through an

analysis of a variety of data. As such, this research took an interdisciplinary approach

using both qualitative and quantitative methods, which included development of a

taxonomy, a web-based survey, and a case study. The use of these methods within an

interdisciplinary approach allowed me to incorporate perspectives from both geomatics

and disaster management professionals and the mixed methods design allowed the

strengths of both qualitative and quantitative inquiry to be incorporated into this work

(Johnson and Onwuegbuzie,2004; Mileti, 1999). Additionally, the mixed methods design

did not limit the fype of data that was collected, and it provided an opportunity to use

multiple data analysis techniques to ensure that the knowledge gained was complete and

that the research results can better inform both theory and practice. Indeed, this study has

placed equal emphasis on the qualitative and quantitative data and often uses one to

corroborate the other when forming conclusions (ibid).

This chapter begins with a discussion of how the specific methods used in this

study relate to the research objectives, followed by the rationale behind developing the

geomatics taxonomy. It then describes the steps taken to set up the web-based survey,

including details about the instrument design, the selection of SurveyMonkey as the

online host, the selection of participants, and the administration of the survey. Survey

validity and reliability is briefly discussed in this chapter and additional comments on

reliability, validity, and errors and bias are included in Chapter 5 and 6. The chapter

concludes with a discussion about the case study design.
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Methods and the research objectives

Guided by the objectives, I conducted this research sequentially, starting with a

review of the literature and the development of the taxonomy. This ensured that the

knowledge gained during the initial research stages informed the subsequent inquiry. For

instance, the questions included in the web-based survey were designed to confirm and

quantify the challenges for the use of geomatics in disaster management that were

highlighted in the literature. Furthermore, once I analyzed the survey data, I set up the

case study to investigate some of the issues raised by survey participants.

As discussed in Chapter 1, my first research objective was to demonstrate how

geomatics is currently used in disaster management. The most appropriate method to

satisfy this objective was a review of scholarly literature to locate examples of the use of

geomatics in disaster management. The literafure review established the baseline

knowledge, identified knowledge gaps, and indicated the direction of current research in

this area. The examples of the use of geomatics were then further analyzed and became

the basis for a geomatics-disaster management taxonomy, which classifies the current

applications, and demonstrates how geomatics technologies have been used in this field.

My second research objective was to evaluate the current use of geomatics in

disaster management, and determine whether there is a disconnect between practice,

education, and software/hardware development. For this portion of the study it was

important to understand the perspectives of those involved in disaster management. This

was achieved through the use of an original, self-administered, cross-sectional web-based

survey. Designing a survey and administering it over the Internet allowed data to be

collected directly from a sample of educators, disaster management practitioners, and the

developers of geomatics technologies. The survey revealed the perspectives of diverse
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participants within these groups, which were later integrated into the case study design.

The survey instrument included open, Likerl-scaled, and check-box type questions, and

the data collected in this portion of the study was primarily quantitative in nature. The

Internet was the most appropriate survey delivery method because it allowed for the

development of a survey that was easy to use and understand. Additionally, the use of the

Internet reduced data collection errors, operator entry errors (e.g. often only one response

per question was allowed), and enabled efficient analysis of the results.

Once the perspectives of those working in disaster management were obtained, I

began to work to integrate their questions, concerns and suggestions into the solution to a

"real-world" problem. Yin (2003) suggests that a case study is the best way to analyze a

real-world process and answer how and why questions. As such, my third objective, to

develop criteria for practitioners to use when selecting the most appropriate geomatics

technologies in specific disaster management scenarios, was achieved using a case study

that was designed to meet the needs of the emergency coordinator and communities

involved, as well as my own needs as the researcher. This method was particularly

valuable since a case study provided the opportunity to take a wide view of the problem

and analyze the context and process associated with a phenomenon without limiting the

type of data or the data collection procedures (Meyer, 2001). For instance, the case study

for this research, which involved the Rural Municipalities (RMs) of Headingley, Cartier,

and St. Francois Xavier, incorporated information collected during a personal interview,

informal conversations, a review of literature and documents, and information obtained

through my personal participation in seminars and workshops. Since case study design

and format is left up to the researcher, this method provided the flexibility to ensure that
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the point-of-view of educators and practitioners gained during the initial research stages

could be incorporated into the final project outcomes and the case study narrative.

The fourth objective, to outline recommendations for practitioners to incorporate

aparticipatory geomatics risk andhazard assessment process that values local knowledge

and increases community participation into disaster management, is also addressed in the

case study.

TnB cnouATICS TAXoNoMY

The geomatics taxonomy was created using examples of the use of geomatics in

disaster management found in the academic literature. Each example was assigned to a

disaster management phase (e.g. preparedness, response, recovery, or mitigation) based

on the work described, and based on the type, configuration, and degree of integration of

the geomatics tools used, I classified the example into an integration level. This resulting

taxonomy provides a basis for further investigation and enabled me to draw conclusions

about how geomatics is currently used in disaster management.

TnB wBn-nASED suRvEY

As indicated by the literature reviewed, spatial data and geomatics technologies

have been used in disaster management but this use has not been fully realized. As such,

the web sirvey was designed to evaluate the current use of geomatics in disaster

management, and determine whether there is a disconnect between practice, education,

and software/hardware development. To achieve this objective, I designed surveys to

ascertain whether those involved in disaster management are aware of geomatics

technologies, if the geomatics tools available are meeting practitioners' needs, and how
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these technologies are being used. More specifically, to ensure that the data collected

would provide information that would enable me to evaluate the current use of geomatics

in disaster management, the surveys were designed to fulfill four goals:

1) to determine what educators and disaster management practitioners know

about geomatics technologies,

Z) to determine whether disaster management programs offer instruction in

the use of geomatics technologies;

3) to determine iflhow geomatics is currently used in disaster management,

the benef,rts for doing so, and the challenges to implementing it; and

4) to determine the importance of disaster management to the manufacturers

of geomatics technologies.

In addition, each survey instrument, presented in Appendix A. i to 4.3, addressed

several specific questions related to my overall research objectives. Identifying specif,rc

research questions ensured that the survey instruments were focused and the data

collected were meaningful.

Selecting the survey mode

The target participant group for each survey was a specialized population with a

well-established web presence. Indeed, several Intemet user groups exist for disaster

management practitioners, and I determined that using these groups was an excellent way

to reach potential participants. As such, the best tool to undertake this portion of the

research was a self-administered cross-sectional web-based survey. This seemed

appropriate because the current consensus in the academic literature is that using the

Internet to undertake survey research is acceptable and that the data from these surveys
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are valid and can be used with confidence (Dillman,2007; Denscombe,2006; Fowler,

2002; Fricker and Schonlau,2A02; Kaplowitz etal.,2A04; Nesbary, 20001' Sills and Song,

2002). Moreover, for this research, a response rate similar to the 20-30% achieved by

Kaplowitz et al. (2004) would be excellent. This target is not unrealistic because research

has shown that response rates are typically quite good when participants are part of a

specialized group and the invitations are extended via both e-mail lists and the notice

boards used regularly by potential participants (Denscombe,2006; Fricker and Schonlau,

2002; Kaplowitz eta1.,2004; Sills and Song,2002).If the invitation is'endorsed'by

another member of the listserv group, this may also improve the response rate.

Survey instruments

Three survey instruments were developed using the protocol outlined below, and

were used to complete this portion of the research. The survey instruments are named as

follows:

o The Use of Technology in Emergency/Disaster Management - Educator

Survey (Appendix 4.4);

o The Use of Technology in Emergency/Disaster Management - Practitioner

Survey (Appendix 4.5); and

o The Use of Technology in Emergency/Disaster Management -

Hardware/Software Developer Survey (Appendix 4.6).

Once the survey objectives and specific research questions for each survey were

established, I drafted a list of survey questions that would satisff the specific research

questions. My thesis supervisors reviewed and provided feedback about the draft survey
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questions, which I subsequently revised. The list of survey questions was then developed

into a draft survey instrument and I produced a coffesponding logic diagram to define the

survey skip logic to be used. The draft instrument was reviewed by academics, geomatics

and disaster management practitioners, and other graduate students to ensure content and

face validity and to improve the question wording and layout. Each question on the final

survey instrument was reviewed several times to ensure it was clear and concise to avoid

confusing the participants.

In order to ensure that a variety of relevant data were collected the final survey

instruments include Likert-scaled, check-box type, open-ended, and demographic

questions. Many of the survey questions were designed to measure attitudes and levels of

agreement and a seven-point Likert scale, that would be familiar to most participants, was

used. This scale is anchored by 'strongly agree' and 'strongly disagree' with a 'neutral'

option in the middle. Each point on the scale is labeled to avoid confusion and improve

reliability (Weng, 2004). Questions were worded such that most participants would be

inclined to respond on the extremes of the continuum rather then selecting 'neutral' for

all questions (Fowler, 2002). The survey instruments also included several questions that

used a five-point ranking scale. This scale was used because these questions required a

different type of answer for which it is easier to assign a numerical value. A five-point

scale also added variety and clearly distinguished this type of questions from the others in

the survey.

Additionally, a 'don't know' option was provided for all scaled questions. This

option was offered because an honest 'don't know' provided more information than a

non-response for most questions. The 'don't know' option was placed atthe end of the
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list of possible answers to allow participants to think about the options and then decide if

they really didn't know the answer to the question (Lam et a1.,2002).

The survey instruments also included check box type questions in which

participants could choose answers from a pre-determined list. A list was used to limit the

answer choices to specific information discussed in the literature. For example, the

'challenges' list contained items from each of the challenge groups identified, and the

activities listed were based on examples of geomatics use discussed in the academic

literature. In each case, an 'other' box was included so that participants can add an item

that was not included in the list.

Open-ended questions that sought opinions, beyond what I as the researcher

thought was important about the subject, were also incorporated into the survey

instruments. This was done because although closed questions are easy to interpret and

analyze, they do not always allow the participants to express their opinions. Open-ended

questions provide an opporfunity for participants to answer questions in their own words,

thus reducing any frustration they might have felt when unable to select an appropriate

response to the closed questions (Fowler, 2002).

Hostìng the survey

Based on my research, no software package or web-based survey tool comes

highly recommended or stands out. Crawford (2002) suggests that potential web-based

survey tools should be evaluated with respect to cost, flexibility, robustness, and features

such as screen design, logic design, and validation design. Based on a review of various

tools using these evaluation criteria, I determined that the most appropriate survey tool

for this research was SurveyMonkey.
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SurveyMonkey seems to be the most affordable web-based survey tool available.

A basic subscription is free, but for this research, I purchased access rights to

SurveyMonkey Professional Version ($i9.95 USD/month) with the added security option

($9.95 USD/month). The total monthly cost was $29.90 USD. This included 1000

responses per month and provided access to advanced features, such as unlimited survey

size, skip logic, and the use of logos, as well as advanced data analysis features.

SurveyMonkey allowed me to design a visually appealing, logical, and accessible

survey instrument, while providing enhanced security and privacy for participants.

Additionally, participants were not required to use special software and the data analysis

tools and features were powerful and relevant. Use of the professional version of

SurveyMonkey also allowed me to incorporate logos and a custom layout and colour

scheme, and provided the ability to apply skip logic and force participants to answer

certain questions before proceeding. The use of skip logic is important because it reduces

user frustration and non-responses by ensuring that users skip questions that do not apply

to them (Fricker and Schonlau,2002). Skip logic was incorporated into these surveys so

that participants would skip questions about technologies they did not use. Participants

were only forced to answer questions to which the skip logic applied.

SurveyMonkey is also concerned about security and has an explicit privacy

policy. This is important for the maintenance of confidentiality and anonymity. As

mentioned above, for an additional monthly fee, SurveyMonkey enabled SSL encryption.

SSL encryption is the world-wide standard for encrypting information collected over the

Internet. Although the data collected in these surveys were not sensitive in nature, SSL

encryption ensured that the survey data were secure so that participants could feel more
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comfortable when completing the survey. I thus incorporated SSL encryption in an

attempt to improve the response rate.

In addition, the SurveyMonkey host website \¡/as reliable and able to accept

responses at all times of the day. It also provided the ability to block URL addresses to

avoid multiple responses from the same person. Finally, SurveyMonkey provides

excellent customer support and, in addition to the detailed instructions about how to set

up a survey found on the website, all technical and billing questions were answered in a

thorough and timely manner.

A cc o mp ønyìng do c umentstio n

It is exhemely difficult to solicit participants for a web-based survey. As such, an

important element in the recruitment of participants is professionalism. Participants were

invited to partake in the survey using an e-mail invitation and a list-serve posting that

directed them to the professionally designed project website. The initial contact stressed

the low impact, limited time commitment, confidentiality, and value and importance of

participant opinions (Lindsay, 2005). The project website provided additional details

about the project and the research and was also used to launch the surveys.

VøIidity ønd reliøbility

Each survey instrument was reviewed for content and face validity and pre-tested

by academics, practitioners, and other graduate students. Concurrent validity was

determined by reviewing the results with conclusions made in similar studies. Intemal

reliability for both the Educator Survey instrument and the Practitioner Survey instrument
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was established by computing Cronbach's Alpha, a statistic used to measure the

reliability of an instrument. The Cronbach's Alpha values are discussed in Chapter 5.

Following the advice of Fowler (2002), each survey instrument was pre-tested to

ensure validity and gauge whether the instructions and questions were clear, whether the

scales were appropriate, and whether there were any problems understanding the tool or

determining the kinds of answers required. The Educator Survey instrument was pre-

tested by a professor in the Natural Resources Institute at the University of Manitoba, a

professor in the Department of Environment and Geography at the University of

Manitoba, and a professor in the Geography Department at Brandon University. The

Practitioner Survey instrument was pre-tested by Mr. Kenton Friesen, a disaster

management practitioner. Feedback from the pre-testing was incorporated into the final

suruey instruments. Pre-test participants were also asked to track the amount of time

required to complete each survey. I incorporated the feedback received during the pre-

testing into the f,rnal survey instruments and the participant invitations.

Administering the survey

The web-based survey involved three distinct participant groups: educators,

practitioners, and software/hardware developers.3 Educators are instructors at educational

institutions that offer programs in disaster management. They are the teachers who

introduce disaster management theory and related technologies to future practitioners.

This group also includes academics undertaking research in the field of disaster

management who regularly attend conferences and publish in academic joumals.

Practitioners are the first responders, administrators, managers, and coordinators who, on

3 Hereafter referred to as software developers.
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a day-to-day basis, undertake preparedness, response, recovery, and mitigation activities.

They focus on responding to, planning for, preventing, and mitigating hazards, as well as

helping communities cope with and recover from disasters. Software developers design

and build geomatics technology, and develop hardware for commercial use. They have

advanced knowledge of geomatics and are adept at using and developing technology.

Pørticipønts

Educator Survey

On June 11,2007, personal emails were sent to 137 educators at institutions

offering various levels of disaster management courses. The e-mail invited these

educators to participate in a survey designed to collect information about the use of

technology in the disaster management courses offered at their institution. I used the list

of contact names provided on the Colleges, Universities and Institutions Offering

Emergency Management Courses located on the FEMA - EMVUSFA Training and

Education Portal website (htç://www.training.fema.gov/EMlWeb/edr-r/collegelist/) to

identiff potential participants. The invitation e-mail directed potential participants to my

project website to read more about the project and to access the survey

(htrp:/lhome.cc.umanitoba.cal-umwestl2/education/), and provided the information

required by the University of Manitoba Joint Faculty Research Ethics Board. A follow-up

reminder e-mail, containing similar information, was sent on September 23,2007 .

Practitioner Survey

Although disaster management practitioners are a finite population, there is no

way to determine how many there actually are, or how to reach each of them. As such,
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several techniques were used to distribute invitations and to reach as many potential

participates as possible.

On June 2,2007, Mr. Kenton Friesen (a practitioner who participated in the pre-

testing process) sent an e-mail invitation to members of the e-mail message boards

established by IAEM Canada (International Association of Emergency Managers), DRIE

Central (Disaster Recovery Information Exchange), Disaster Resistant University, PSEM

Canada (Emergency Management Professionals of Post Secondary Institutions), and

PSEM Manitoba. This invitation reached approximately 350 potential participants.

Similarly, on June 7 ,2007 ,I forwarded a message inviting members registered with the

International Association of Emergency Managers (htþ://www.iaem.com,/) discussion

group to participate in the survey. According to the IAEM, it currently has 1656

members. On June 9,2007 ,I sent a copy of the same message to the Emergency

Management group established on Yahoo, and on September 1I,2007,I sent another

message to the Yahoo Daily Brief group. These groups list their membership at 1989 and

853 respectively. The United Nations Platform for Space-based Information for Disaster

Management and Emergency Response (I-IN-SPIDER) also agreed to include a link to the

project website and a brief description of the survey purpose in its monthly mail-out on

July 1, 2007. A follow-up reminder e-mail advising practitioners that the survey would

close in two weeks was sent to each group (with the exception of the Yahoo Daily Brief

group, whose members had just been invited) on September 11,2007.

Members of these message boards are very active and at least several messages

are posted each day. Often messages are cross-posted to each of the groups, indicating

that many practitioners are members of more than one of the groups. Based on the
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membership numbers provided by each group, as well as copies of the 'bounced' e-mail

messages received, and an estimate of the number of practitioners who are members of

multiple groups, I predicted that the invitation to participate in the survey reached

approximately 3000 practitioners'

Softwar e D ev eloP er Surv eY

Participants for the software developer survey were recruited from the list of

exhibitors that participated in the 17th World Conference on Disaster Management'

Twenty-one potential participants were identified from the conference website and on

July 31 ,2007,I sent each one a personal e-mail invitation to complete the software

developer survey. The e-mail invitation was identical to the one used to recruit

participants for the educator survey'

Døtu collection

Oncepotentialparticipantswereidentifiedandtheinvitationsweresenlout'the

data collection was entirely automated. Each responses was logged by SurveyMonkey

and I reviewed the results regularly and downloaded them periodically' Two weeks after

sending out the reminder notice, the practitioner and educator surveys were closed on

September 25, 2007, and Octobe r 8, 2001 respectfully'

Døtø analYsis

Thedataanalysistechniquesanddatapresentationformatsusedinthisthesisare

functions of the types of data that were analyzed.Ipresent the summed ordinal data'

collected using the Likert-scaled questions, in tabular format to identiff the modal

response for each question. In addition, to ensure that the opinion of the majority of
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participants is clearly stated, each table also includes the answer choices selected by the

majority of respondents. Furtherrnore, for those looking to conduct further analysis, the

raw data for all scaled questions is provided in graphical format in Appendix B.

Internal reliability for the survey instruments were established by computing

Cronbach's Alpha, a statistic used to measure the reliability of an instrument.To analyze

the ordinal data I calculated the Spearman Rank Correlation Coefficient and compared

the coeff,rcient using the Mann-Whitney U test, a nonparametric altemative to the t-test

(Grimm, 1993). This test determines whether the differences observed between groups

are statistically significant. For this analysis, a calculatedZu value was compared to a

critical Zvalue determined from a table of critical values for the Mann-Whitney U test

(i.e.,Zcrit: L.96).If the calculatedZ value is less than the critical value, then the null

hypothesis is accepted and the two samples are said to come from the same population. In

all cases, alpha was set at the 0.05 level for determining statistical significance.

It was also necessary to use the demographic data and other selected survey data

to determine whether participants in different age groups or with different levels of

education answered questions differently. For this analysis, I developed contingency

tables and analyzed the data using a Chi-square test, which is commonly used to test for

differences in responses between two or more groups. For this analysis, the calculated

Chi-square statistic (y2) 1s compared to a Chi-square critical value determined from a

table of critical values for the Chi-square test (12 Crit. : 3.841,1 degree of freedom).

When the calculatedy"2 value is less than the critical value, the null hypothesis is

accepted and it can be said that there is no significant difference between what was

observed and what was expected. Again, alpha was set at the 0.05 level for determining
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statistical signif,rcance. Since I often perform multiple hypothesis tests on the same data I

contemplated using Bonferroni corected alpha values to test the statistical significance;

however, I determined that this was unnecessary because the 0.05 significance level

provides enough assurance against a false appearance ofsignificance.

Responses to the open-ended questions required interpretation and, as such, I

coded and sorted the data so that responses could be counted and expressed as a rank or

percentage, For questions that asked participants to rank challenges and activities, the

final rankings were determined based on a scoring system. Three points were assigned to

a response each time it was ranked first, two points were assigned each time it was

ranked second, and one point was assigned each time it was ranked third. The points for

each response were summed, and the responses with the highest total points were deemed

to be the most important. These results are also presented in tabular format and the items

listed at the bottom of the table were identified by participants but were not ranked

among their top three choices. I have also included bar charts to accompany the ranked

questions to validate the scoring system and depict the rank order.

Tnn casp sruDY

The third and fourth objectives of this research were achieved with a case study

approach that was completed during work on a "real-world" project in which geomatics

technologies were used to produce maps for inclusion in the emergency plans for the

Rural Municipalities (RMs) of Headingley, Cartier, and St. Francois Xavier in Manitoba,

Canada. The preparation of these maps was guided by Mr.Norman Tchir, the emergency

coordinator for each of the RMs. Mr. Tchir is an experienced emergency coordinator and

has a wealth of knowledge and practical experience in disaster management. However, he
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is not familiar with geomatics and has limited experience with these specific technologies

(N. Tchir, personal communication, September 12, 2007).

The case study format allowed for the use of several different data collection

methods, and the case study design and implementation were based on suggestions by

Berg (2004) and Yin (2003). Case study research does not limit the type or format of

data, nor the collection techniques used to obtain the information required to complete a

project. The case study design was thus flexible enough to allow various methods to be

used during the course of the project as the need for additional information arose.

The case study research began with a review of the academic literature and other

documents, such as emergency preparedness plan preparation guidelines, to ensure that I

had the appropriate amount of background knowledge about emergency planning. I also

attended a number of emergency management workshops and seminars, which discussed

emergency planning and the use of geomatics tools to collect data on Canada's critical

infrastructure. These settings provided an opportunity to make personal observations as

well as to conduct informal discussions with disaster management practitioners and

industry experts. Much of the information required for the case study was collected while

working directly with a practitioner, during meetings, and via a personal interview.

Additionally, my own involvement in the project allowed me to gain direct personal

experience ofthe process and procedures used to prepare an emergency plan. The case

study also relied heavily on the information obtained from the web-based surveys and

geomatics taxonomy. In addition, the case study draws on a critical theory framework to

highlight the importance of using local knowledge to improve preparedness planning,

specifically thehazard assessment and risk analysis process.
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4. A GEOMATICS TAXONOMY

Although many disaster management practitioners have integrated geomatics

technologies into their work, there is no current system to classiff the use of geomatics in

this field. This chapter develops a taxonomy that practitioners can use to differentiate

between various geomatics integration levels in disaster management based on the type

and conf,rguration of these technologies. The graphical models are loosely based on

models of integration proposed by Gao (2002). However, Gao's models focus on the flow

of data between GPS, GIS, and RS and are applicable to resource management,

environmental monitoring, and emergency response. The geomatics-disaster

management models developed here are specific to disaster management and emphasize

the role of the decision maker by focusing on the interaction between the decision maker

and the technologies.

Many disaster management practitioners may not be familiar with the term

geomatics; however, most practitioners have previous experience with geographic

information and spatial data. Specifically, this experience was gained through the use of

maps. Map production is an important component of geomatics and maps are likely the

most common vehicle with which the data collected using geomatics tools is presented to

decision makers. As such, the examples I have provided with each integration model

often refer to maps. The base data required to produce these maps were collected with

geomatics tools and several examples describe instances in which a map was also

presented to a decision maker using geomatics tools.
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Figure I: Level I Integration Model
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As depicte d in Figure I , the primary characteristic of the Level i integration

model is the one-way interaction between the decision maker and a geomatics tool. In

this configuration the decision maker refers to the geomatics tool and receives

information directly from it. Typically, this information is useful but not critical and

decisions are likely also supported by experience or other information. Examples of the

type of information used include coordinates from a GPS receiver, and data from hard

copy maps, and aerial or satellite images.

Common non-disaster manøgement usøge exømples

Examples of non-disaster management uses that could be classified as Level 1

integrations include:

o a hiker using a GPS receiver to determine where he/she is located in relation

to the beginning or end of a trail;

. a jogger using GPS to determine his/her speed and distance traveled;
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o a boater using GPS to navigate to a favorite fishing spot, or to the dock;

o a participant using a GPS receiver to participate in geo-spatial games such as

geocaching, or using a compass and a hard copy map for orienteering;

¡ a traveler using a commercially available paper or simple digital map to

determine where he/she is in relation to a landmark or a city; and

o a time-keeper using GPS as a timing device to synchronize events.

S uccessful disøster mønagement exømples

Preparedness

Level I geomatics integrations are most effective when used in a knowledge-

oriented process such as risk assessments or preparedness planning. For example,

Fiorucci et al. (2005) present a framework for what they call a l'static risk assessment"

that includes the use of geomatics tools (p. 161). They used satellite images of a specific

areathat identified land use, topography, and vegetation type to determine the risk of

forest fires over a large geographic area. The information collected also helped determine

the resources that would be required to respond to an event in that area. In this example

the researchers then plotted the location of the potential resources, which enhanced the

maps and facilitated their ability to optimize resources.

Level 1 integrations of geomatics can also inform community-level preparedness

planning. Geomatics tools can be used to produce simple hard-copy map(s) that show the

potential hazards with respect to the location of people, buildings, and resources within a

community. The satellite imagery required to produce this map is often available for free

from open-source data providers. Once printed and viewed by all, this map can be an
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excellent starting point for the development of a community-based preparedness plan. A

similar geomatics example is further explored in Chapter 7.

Response

An effective use of Level I integration during the response phase of a disaster

event is the use of remote sensing techniques to produce maps for both decision makers

and the public. A case in point was the use of satellite altimeter data after the 2004 Indian

Ocean Earthquake and Tsunami. The altimeter data collected by several satellites hours

after the earthquake allowed researchers to determine the magnitude of the plate

deformations and the resulting ocean displacements, and was also used by media outlets

as display tools to inform the public about the event (Ambrosius et a1., 2005).

Recovety

A common example of a Level I integration into the recovery phase of a disaster

is the use of survey tools, specifically GPS, to obtain positioning information to assist

with reconstruction. An example of a more unique project that involves remotely sensed

imagery was launched by Amnesty International in June 2007 (Locke,2007a). Satellite

photos of the troubled Darfur region in the Sudan were posted on Amnesty

Intemational's website to bring awareness about the conflict and regional problems to the

general public, policy makers, and international courts (Amnesty Intemational,200T).

The images also enabled the public to view the damage done in the region and provided

an opportunity for experts to monitor development projects (Locke, 2001b).
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Mitigation

The use of GPS receivers to detect movement of the earth's crust is a Level 1

integration of geomatics in a mitigation context. GPS coordinates are collected to detect

ground movements in cities or near faults and slopes. These movements may signify

subsidence of critical infrastructure or may alert those monitoring the movements to a

pending eafthquake. Many researchers are pushing the boundaries of GPS in this context

and are often trying to improve event prediction capabilities by detecting movements at

the extreme limits of achievable accuracy. While pushing these limits is encouraged,

there is often little acknowledgement of the effors in GPS or the need to use appropriate

control network designs. For example, in several instances the monitoring stations were

not stable and were initially established for other purposes. These shortcomings have

introduced unnecessary errors into the monitoring systems (Abidin et al., 2001; Dinter

and Schmitt200I; Goebell and Wetzel,2006).

Use of Level I integration

There are many examples of successful use of Level 1 integration of geomatics in

disaster management activities. Based on the examples included in the academic

literature, Level I integrations are best suited for use in the preparation of emergency

plans and other preparedness activities.
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Figure 2: Level 2 Integration Model
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As depicted in Figure 2,Level2 integration occurs when the decision maker

interacts with a GIS database to obtain information. Using a GIS allows visualization and

the production of maps with added meaning (Koohzare eta1.,2006). The GIS is built

using pre-existing remotely sensed data, often provided by an outside source. The

remotely sensed data can include digital maps, aerial pþotography, digital terrain models,

and satellite images. To build the GIS, remotely sensed imagery is combined with

geospatial information that is keyed into the GIS or obtained from third parly sources.

Applying this level of integration allows decision makers to interface with the GIS,

guery, and run simulations.

Common non-disøster mønøgement usøge examples

Examples of non-disaster management uses that could be classified as Level 2

integrations include:
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a city database built from line-work on registered survey plans. The database

allows users to click on a parcel and retrieve the associated attributes (tax

information, size, zoning, use, etc); and

o a database used in industry to review and track the characteristics ofassets or

equipment.

S uccessful disuster ntanøgement exømples

Preparedness

Mileti (1999) suggests thata good f,rrst step for integrating geomatics into disaster

management would be the use of GIS and satellite data collection tools to develop simple

hazard loss databases and risk assessment and vulnerability maps. This step requires the

use of a GIS built from remotely sensed data. The literature contains many examples in

which researchers simulated a disaster event (storm, flood, earthquake, etc.) using a

special function or program within the GIS that produces a quantitative damage and

casualty estimate (e.g. lives, economic losses, and the size of the affected area)

(Aleskerov et a1.,2005;Badal et a1.,2005; Fernández et aI.,2003; Moisuc et aI.,2005;

Remondo et a1.,2003; Sugimoto et a1.,2003; Usul and Turan, 2006). Information such as

the area and number of people affected is critical to emergency managers, both before

and after an event. It assists in the development of preparedness plans and gives best- and

worst-case estimates to politicians and other authorities. Additionally, disaster managers

can use this information to try out evacuation strategies and determine rescue priorities or

access/egress routes (Castle and Longley,2005). GIS also facilitates the communication

of evacuation plans and other information, such as the extent of flooding, to the public

and the media (Fenier and Haque ,2003; van Zúlekom et aL.,2005). However, based on
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the literature reviewed, existing prediction models for disaster management do not seem

to factor social or physical conditions into their estimates. Social factors such as poverty,

reactions to events, knowledge of risks, and community dynamics could influence losses

(Badal et a1.,2005). Current models also do not normally predict how physical soil

conditions and building construction materials will impact economic losses and human

casualties. The disadvantages of geomatics use in these circumstances result from

weaknesses in the models rather than the technology itself.

Response

Immediately following a disaster event, many organizations respond quickly, and

ensuring effective results during this phase of a disaster requires a coordinated response.

The information they require to be most effective includes information about the response

priorities, the location and extent ofthe affected area, the risk to life and infrastructure,

details about how to access the area, estimates of the number of people affected, and

information about otherhazards that may exist (Kerle and Oppenheimer, 2002). A GIS is

an ideal tool for determining, sharing, and presenting this type of information. The use of

geomatics in this configuration facilitates a limited ability to coordinate a response

among responding agencies.

The response to the Asian earthquake and tsunami provides an example of a Level

2 geomatics integration (Ambrosius et al., 2005; GIS supports tsunami disaster, 2005;

Kelmelis et a1., 2006). This disaster was unprecedented and the response efforts were

extraordinary. Kelmelis et al. (2006) reflect that "the response of the geospatial

community was both immediate and immense ... data were acquired and made available

beginning the day after the tsunami" (p. 866). This data included Landsat, ASTER
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(Advanced Spaceborne Thermal Emission and Reflection Radiometer), ALI (Advanced

Land Imager), and Hyperion satellite data, as well as satellite data obtained from other

international sources including commercial satellite companies. These sources provided

"virtually all possible data over the tsunami-affected area" (p. 869), contributing to the

relief effort and helping emergency managers produce information for reconnaissance-

level planning, disaster assessments, and response activities. The information was mostly

in the form of maps provided to rescue workers in the field and to planners assessing the

conditions and planning for massive intemational assistance efforts. These maps

improved coordination and reduced duplication of efforl (GIS supports tsunami disaster,

2005). A case in point was a map and database that demonstrated where various relief

organizations were undertaking response activities. 'When 
shared with all the response

agencies, this GIS helped ensure that the needs of local people were being met.

However, several problems were encountered during this response. These

included data sharing issues, non-timely delivery of data, inaccurate data, too much data

that overwhelmed search functions, and a lack of user experience with the technologies.

Regardless of the problems, however, there were many positive results and lessons

learned that will guide further research in this area.

Recovery

Databases developed to assist with recovery operations are also widely used in

disaster management. For example, to assist aid workers in Iraq and to keep them up-to-

date on the dangers in a particular area, a risk-GIS based on open source media reports

was developed (Mubareka et a1.,2005). This database allows aid workers to track

instances of violence and deploy resources accordingly. Databases are also useful for
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determining the extent of damages caused by a disaster. For example, a GIS populated

with satellite data as the background allowed researchers to determine the exact amount

of land affected by a wildfire in Greece and a flood in Japan (Domenikiotis et a1.,2003).

This database also allowed the researchers to pinpoint the most heavily affected areas in

each event and provided a way to communicate the extent of damage to others.

Mitigation

An underused strength of GIS is that it allows for the assessment of multiple risks

andhazards simultaneously and can contribute to mitigation planning (Greiving et al.,

2006). For example, geomatics can contribute to mitigation by improving access to

historical records to better understand the physical process of events. Historical statistical

databases that contain information about avalanches, floods and ground movements can

help quantify effects, and identify weak spots and areas for possible intervention to better

prepare for future events (Hien et a1., 2005; Koohzare et a1.,2006; Moisuc et al., 2005).

Estimating affected areas, predicting the scale of events, planning for immediate and

long-term needs, and educating both those who may be affected and those making the

decisions on how to react to events are also common uses of geomatics in a mitigation

context (Greiving et aI.,2006).

Many of the same databases that are developed for and used in a preparedness

context can also be used for mitigation activities. For example, the results from

simulations can be used to identiff the need for, or the best location of mitigating

structures. In the case of the 1997 Red River Valley flood in Manitoba, a GIS built using

Radarsat images was used to delineate the extents of the flood limits and demonstrated
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how flood prevention structures worked (Haque, 2000). The same database also

identified the extent of flood damage.

In other examples researchers built a database using digital elevation models and

lava flow data from flow models. GIS was used to quickly provide predictions on what

areas would potentially be affected by lava flows after a volcanic eruption in the

Philippines and Japan (Toyos et aL.,2006). This prediction allowed them to develop a

mitigation strategy for the area. A similar database was developed for Cairns, Australia,

to identiff areas subject to high flood risk (Zerger and Wealands, 2004).

Use of Level 2 integration

The use of Level 2 geomatics integration in disaster management appears to be

most effective for simulation and modeling within a preparedness or mitigation context.

LBvBr,3 INrBcnauoN

Figure 3: Level 3 Integration Model
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De/ìnition

As shown in Figure 3, the use of GIS data with a GNSS such as GPS is the main

difference between Level 3 integration and the other models presented so far. Integration

with a GNSS is an advantage because if the database features relate to a known map

projection or coordinate system, they can be confirmed on the ground with GPS (i.e.

ground truthing). In Level 3 integration, GIS acts as the main interface; however, the

decision maker does have access to remotely sensed and non-real-time GPS data.

Generally, GPS data is not entered into the GIS in real-time but the coordinates can be

relayed from the field and manually added to the GIS. Similar to the other integration

levels the remotely sensed data is pre-existing data, often provided by an outside source.

In some instances additional data, collected with GPS, is added to the GIS to fill in data

gaps to enhance and improve the GIS.

Common non-disaster mønøgement usøge examples

An example of a non-disaster management use that is classified as a Level 3

integration includes survey engineering, in which GPS is often used to ground truth aerial

photographs in order to build a GIS database. Once the database is built, the decision

maker uses it to calculate areas or volumes.

S accessful díssster mønøgement examples

Preparedness

There are relatively few examples of the use of Level 3 integrations in a

preparedness context. However, the uses that were described in the academic literature

seemed to produce excellent results. For example, researchers used an integrated
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approach to flood forecasting for the Meuse River in Belgium. They incorporated

different types of remotely sensed data (a digital terrain model built using laser scanning

and swath bathymetry, aerial photographic surveys during flooding and field surreys

completed after flooding) with flood models and real-time network sensors that recorded

rainfall levels and flow rates (weather radar, ultrasonic flow meters, laser sensors) to

predict and eff,rciently manage the consequences of a flood event (Dal Cin eta1.,2005).

This GIS was also used to predict real-time downstream flood levels.

Similarly, in Taiwan a GIS was used to identify areas of significant slope that

may be in the path of a debris flow triggered by typhoon rainfall. The initial GIS was

built by layering current and historical aerial photographs and digital elevation model

data (Yu et a1.,2006). Once areas that are potentially affected by debris flows were

identified, preparedness plans were produced.

Response

Practitioners used Level 3 geomatics integrations during the relief effort to

Hurricane Katrina and the 2003 California Wildfires. In the Califomia example, a GIS

was built using satellite images and other base mapping to provide base maps for the fire

fighters. The fire fighters took these maps to the field and relayed GPS coordinates for

the leading edge of the f,rre back to the command centre. The command centre updated

the maps to show the progression of the fire. This fire progression map was eventually

layered with base maps containing elevation data and the transportation networks for

others to use for their response tasks (Crisis proves the value of GIS, 2004).

Level3 integrations were also implemented immediately after Hurricane Katrina.

In this instance responding agencies knew that anevent was going to occur and, using
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airborne sensors, were able to collect geographic data before Hurricane Katrina made

landfall (Corbley, 2006). After the Huricane passed through the area, airplanes were sent

up again to collect post-event data. The data from the second flight was used to expedite

claim payment for total loss, prioritize relief efforts, and facilitate recovery planning. In

this example a significant issue was encountered: all the landmarks, signs, and surface

features, including the control monuments, were significantly damaged, destroyed, or

under water (Yarbrough and Easson, 2005). The response teams were forced to use GPS

both in the airplane and on-the-ground because it was the only way to navigate and

position the images. However, the use of GPS became an added advantage and the

coordinates of important landmarks such as hospitals were added to the database so that

rescue workers could navigate directly to them with GPS.

Recovery

Level 3 geomatics integrations are commonly used in the developing world to

meet national development goals. Specif,rc examples of the use of GIS in recovery

include the preparation of maps showing vegetation data overlaid with rainfall estimates

to predict food shortage areas, land use planning, mapping disease distribution and

outbreak, risk assessment, and monitoring and evaluation (Kaiser, et a1.,2003). In

addition, in combination with GPS, GIS is used to conduct population surveys, map

population movement, and establish the location of future or temporary settlements. The

data collected during the response to the 2004 Asian earthquake and tsunami is now

being used for post-disaster activities including the mapping of hazard zones, forests,

water resources, renewable and nonrenewable resources, critical infrastrucfure, and

marine resources (Kelmelis et a1.,2006).
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In developed countries, Level 3 geomatics integrations are often used after an

event to provide proof of losses to insurance companies in order to expedite payment of

insurance settlements (Badal et al,2005' Corbley, 2006; Domenikiotis et al., 2003).

Mitigation

Mitigation tasks include the construction of engineered strucfures, monitoring

ground movement, and relocating vulnerable people to areas of lower risk. Level3

integration was used in Mozambique where geomatics mapping andhazard assessment

tools allowed decision makers to determine if areas selected for the relocation of

settlements are more susceptible to other hazards such as drought, flooding or severe

storms (Gall, 2004).In another case, researchers used a GIS to display slope instability,

geology, and rainfall data from monitoring sensors that are analyzed using artificial

intelligence techniques..This system was designed to assess the landslide risk (Lazzari

and Slavaneschi, 1999).

Use of Level 3 integration

Level3 integrations are effective for response, recovery and mitigation activities

and the uses of geomatics that fall into this integration level are much more complex than

the uses described in the previous levels. However, when combining GPS, GIS, RS, and

data from other sources it is important to use a common coordinate base. This will ensure

that the data adds meaning to the imagery and background information and that data can

be shared.
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Figure 4: Level 4 Integration Model
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Building on previous levels of integration, Level 4 integration incorporates an

interface between the decision maker and all of the geomatics data sources and tools, as

shown in Figure 4.Examples include monitoring field activities using real-time GPS

tracking, and collecting remotely sensed data in real-time to constantly improve and

enhance the GIS. Automated decision-making modules such as vehicle routing are often

incorporated into this type of integration.

C ommo n non-disaster mønøgement us øge examples

The potential uses for geomatics technology seem endless. A case in point is a

geomatics system developed by The Hear Now Inc., which embedded a GPS receiver and

two-way radio into a dog collar. The use of the collar allows a police officer to track the

real-time location of his/her dog from a hand-held GIS device. Further, the system also

allows the police officer to issue commands to the dog through the two-way radio (The

GPS
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Hear Now Inc., 2006). Similar and scaled-down systems are available to average dog

owners.

Automated decision making

The concept of automated decision making was introduced in the definition of a

Level4 integration. Automated decision making systems (often called expert systems,

artiftcial intelligence, or decision support systems) are gaining popularity in disaster

management. Automated decision making systems merge the fields of decision science,

disaster management and geomatics (Cornélis, 2005). Automating decisions is desirable

because. it allows emergency managers to focus on other priority activities. These systems

are not yet able to completely simulate human decision making but researchers are

making advances in that direction.

One such system is the HorizoN Sentry system developed by DigiUtopikA. This

system puts the user in a virtual world and is ideal for running simulations in

preparedness, mitigation, and response situations. The communication structure links live

sensors, GPS, GIS, and satellite images to a computer that acts as the decision maker and

gives instructions to other systems. The database is built using past and present data and

scenario generation tools. This system is currently undergoing testing in controlled

circumstances with great success (Branco et a1.,2005). The downside of HorizoN Sentry

is that the software is very complex, the data needs are extremely high, and the

implementation costs are enorïnous. The system currently runs only on workstation-type

computers, although handheld capabilities are being developed. While this system is

almost too elaborate for current users and the costs and data needs will limit its
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application to areas where detailed mapping is available, it has garnered interest from

both search and rescue organizations and civil protection teams.

S uc c e s sful d ís us te r manøg e ftte nt exømp le s

Response

An excellent example of the use of Level4 geomatics integration was the multi-

agency response to the 2003 Califomia wildfires. Geomatics played an important role in

the response and was used by the multiple government organrzations and private agencies

fighting the fires to facilitate communication, and to visualize and understand the

problem. GIS was used to organize data and people and most likely none of the

responding organizations could have undertaken this effort on their own. In this instance,

GIS provided "a shared vision of the problem and an understanding of priority actions

required to reduce the consequences ofthis event to life, properfy, and natural resources"

(Johnson, 2005, p. 1 56).

A second example of the use of Level 4 geomatics integration was provided by

Borri and Cera (2005). They developed a GlS-based decision making tool used by

ambulance drivers. Knowledge gained during interviews with ambulance drivers allowed

them to determine how drivers select the best route to an emergency. The resulting tool

simulates the ambulance drivers' reasoning and automatically selects the best route to an

emergency and displays it on a map within the ambulance. The biggest drawback of this

methodology is that a decision-making model, that assumes decisions will be based on

previous experience , ffiãy not be valid in an inter-org anizational dynamic response

environment (Comfort and Kapucu, 2006).
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A similar system, also designed for use in ambulances, was developed by Dong

(2005). It combines GIS and GPS and connects the dispatch centre and emergency

response vehicles via cellular phone networks. The ambulance location is displayed on

laptop computers both in the vehicles and at the command centre. The vehicle location is

tracked with GPS receivers and transmitted in near real-time back to the command centre

where the location is plotted and viewed on digital maps. When an emergency location is

identif,red, the system automatically selects the most efficient vehicle and directs it to the

emergency. The potential challenges for implementing this system include using out-of-

date databases and the inability of the system to factor in road closures, traffic problems,

the availability of the ambulance, and people's reactions to emergency events.

The advantage of the use of geomatics in this configuration is the ability to

automatically select the best route. For example, organizations delivering relief supplies

do not want to have to cross the same river several times while traveling between

population centers (Verjee, 2005). Furthermore, a GlS-based decision support system and

a dynamic network traffrc congestion model can be used to determine minimum cost

routing (Wu et aI.,200I).

Use of Level4 integration

Complex integrations, such as Level4 integrations, are ideally suited for

coordinating a multi-agency response effort. As noted earlier, to ensure effective results,

response agencies must work together to coordinate their response. Additionally, in order

to be successful, emergency response tasks should focus on priority areas and emergency

managers should ensure that rather than taking simply any action, rescue workers are

taking the most appropriate action (Perry and Lindell,2003). An integrated Geomatics
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Information System that is able to answer questions of who is doing what, where, and

when, has not yet been the focus of an academic article. This type of system would look

similar to other Level4 integrations and would significantly improve the ability to

coordinate multiple rescue teams and ensure that rescue efforts are focused on priority

ur.u, u.rã tasks.

LBvu, 5 INrBcRarIoN

Figure 5: Level 5 Integration Model
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DeJinition, and use of Level 5 integration

Level 5 integrations are the highest level of geomatics integration and ensures

maximum efficiency during a multi-agency emergency response. As depicted in Figure

5, this level of integration is achieved when several Level 4 integration models are linked,

allowing a central or overall disaster manager (emergency coordinator) to direct and

communicate with decision makers from several different agencies involved in the

response. The two-way communication link between agencies and the overall response

coordinator is represented by the thick arrows in the model. This link could involve the

exchange of data ranging from hardcopy maps, infräsfucture reports, situational

awareness information in the form of technical reports or briefing notes, to the eichange

of GIS data layers and the sharing of resources. This link could be achieved through the

use of geomatics, the Internet, phones, radios, or other communication technologies and

techniques. The provision for additional links also provides the opportunity to incorporate

data from other non-geomatics sources (cellular phones, digital cameras, personal digitat

assistants, hand-held radios, etc.) into the overall decision-making process. For example,

emergency coordinators may be interested in pictures of the disaster scene taken by a

local resident with a digital camera. I was unable to locate documentation of a working

example of this type of integration in the disaster management literature, possibly due to

the significant organizational, economic, cultural, and hardware/software challenges that

currently exist.

Non-disaster mønagement use

A system originally designed for aviation users that was adapted to assist

pedestrians navigating in urban environments was the only model of Level 5 integration
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found in the literature (Ott et aL.,2005).It appears that this system could theoretically be

adopted for use in a multi-agency disaster response. In this example, several different

positioning techniques are used to determine the users' locations. These locations are

transferred via the Internet between mobile units and a service centre. Once the position

is received at the service centre images, based on 3-dimensional cify or terrain models of

the surrounding area are rendered. The image is available for use at the service centre and

on the mobile unit and is continually updated as the users change position. Currently, this

type of system does not seem practical. The data and communications requirements are

extremely onerous. It is unlikely that anyone will have sufficient up-to-date imagery in

the exact area affected by an event. There is much work to be done before this type of

application is commercially viable and this type of geomatics use becomes commonplace.
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5. RESULTS

This chapter describes the web-survey results as they relate to the web survey

goals and inform the discussion in Chapter 6, the case study in Chapter 7, andthe

conclusions in Chapter 8.

Rpspot¡sB RATE

Based on the academic literature regarding web-based surveys, the response rates

to the Educator and Practitioner Surveys met expectations and allow generalization to the

wider population. However, the software developer survey was unsuccessful.

Educøtor Survey

Of the I37 invitations sent to educators, 35 people accessed the survey and34

submitted completed surveys for an overall response rate of 25o/o. If the results from this

sample are generalizedto the entire population, the survey findings will be accurate to +/-

l5%o atthe 95o/o confidence level. The confidence interval is a function of the response

rate but in this instance the l5o/o confidence interval, although fairly large, is not

significant because most responses are grouped at extreme ends of the scales, not in the

middle where uncertainty could lead to a misinterpretation of the data.

Prøctitioner Survey

Approximately 3000 practitioners were invited to participate in the Practitioner

Survey. Of the L73 practitioners who accessed the survey, 135 submitted completed

surveys; the overall response rate was 4.5%. As such, generalizing the results from this

sample population to the entire population will be accurate to +l- 8Yo atthe 95Yo
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confidence level. Similar to the Educator Survey, the 8%o confidence interval is not

significant because most responses are at the extreme ends of the scales.

In addition, in response to Question 50, "Are you interested in participating in

future studies," 54 practitioners provided a contact e-mail address and indicated they

were interested in participating in further study. During the week of October 15,2007,I

sent a follow up e-mail with a set of additional questions and a consent form to those who

provided an e-mail address. However, only two practitioners answered the additional

questions and, as such, this data was not incorporated into the results.

S oftw ør e D ev elop er S urv ey

Of the 21 software developers invited to participate, not one even looked at the

survey. I did, however, receive one request for a copy of the results. The non-response

was surprising because the survey instrument was successfully pre-tested by four

software developers from three large corporations active in the disaster management

field. As a result of the non-response the Software Developer Survey was abandoned.

However, the non-response suggests that either the developers of geomatics technologies

are not interested in participating in web-based surveys, or there is a significant

disconnect between software developers, and educators and practitioners. This disconnect

is discussed in more detail in Chapter 6.

SuRvBy INSTRUMENTS - INTERNAL RELIABILITY

Intemal reliability for each survey instrument was determined by calculating

Cronbach's Alpha, a statistic used to measure the reliability of an instrument. For the

Educator Survey, the Alpha value was 0.74 for perceptions of technology and 0.90 for
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questions regarding geomatics expertise. For the Practitioner Survey, the Alpha was 0.73

for perceptions of technology, 0.88 for questions regarding perceptions of geomatics, and

0.78 for questions relating to education and the use of technology. Since Alpha values of

0.7 or higher indicate a high level of consistency (SPSS, n.d.), the values calculated for

both surveys indicate a high level of internal reliability within the survey instruments.

Dpt.ur-oo RESULTS

The web-based surveys were designed to satisff research objective two, which was

to evaluate the current use of geomatics in disaster management, and determine whether

there is a disconnect between practice, education, and softwarelhardware development.

Accordingly, the survey results are organized and discussed to reflect the survey goals

established in Chapter 3, as follows:

1) to determine what educators and disaster management practitioners know

about geomatics technologies;

2) to determine whether disaster management programs offer instruction in

the use of geomatics technologies;

3) to determine iflhow geomatics is currently used in disaster management,

the benef,rts for doing so, and the challenges to implementing it; and

4) to determine the importance of disaster management to the manufacturers

of geomatics technologies.

As outlined in Chapter 3, the results have been tabulated and each table includes

either the specific survey question and/or the answer choices as they appeared in the

survey instruments, the modal response/opinion, and the majority response/opinion. The

values in the columns labeled N represent either the number of responses for that
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particular answer choice or the number of responses to the question. Note that the skip

logic included in the web-surueys ensured that questions specific to GIS, GPS, and RS

were only asked if participants indicated that they used these technologies, and as such,

the number of responses to some questions is often much lower than the overall number of

survey responses. The raw data collected for each scaled question is provided in graphical

format in Appendix B.

Participønts

To contextualize the surveys responses, it is important to begin with a

demographic overview of the respondents. As shownin Table 1, while a variety of

different people contributed to the survey, in both the educator and practitioner categories,

the majority of respondents were living in either the United States or Canada, and the

majority were male. Of the educators, 7 respondents were women and27 were men. The

majority, 73%o,was between 45 and 65 years of age, and 56To had completed a doctoral

degree. Respondents to the Educator Survey taught at institutions in the United States

(26), Canada (6), N ew Zealand (2), and Nepal ( I ).

Of the practitioners who submitted a complete survey, only 22o/o were women.

The majoriIy,5To/o, was between 45 and 65 years of age, and approximately 80% of

respondents had completed at least a Bachelor's level education. The majority of

responses to the Practitioner Survey were received from the United States (60%), Canada

(3}%),India (2%), and Mexico (I%).
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'able l: l)emo tcs

Item Educators Practitioners
Gender
Male 79% 78%
Female 2l% 22%
Age
Under 30 3% 5%
30 to 44 2I% 36%
45 to 65 73% 57%
66 or older 3% ao/.L,/O

Participant's hishest level of education
Hish School 3%
Certificate or diploma L8%

Bachelor's level L2% 38%
Master's level 32% 35%
Doctoral level 56% 6%
Level of courses offered at institution'
Certificate or diploma sr%
Bachelor's level 37%
Master's level 49%
Doctoral level r4%
Associate Desree 6%
Level of emersencv/disaster manaqement work'
Local (first responder asencv) 20%
Local (emergencv management) 48%
Provinc al- state- and./or resional 30%
Nationa 11%
Internat onal s%
NGO .10 /I/O

Hospital 3%
Private sector consultant 4%
UniversiW s%
Trainins ¿r o,/L/O

Location of institution/narticinant
United States 74% 60%
Canada t7% 30%
New Zealand 6%
Nepal 3%
India 2%
Mexico r%
Porfugal, United Kingdom, Nigeria, France, Germany,
Kenya, New Zealand, Puerto Rico, Australia, and
South Korea 11 resoonse received from each countrv)

< IYo

i. Responses add to more than 100% because participants were asked to select all answers that apply.

70



Attitudes towards technology

The survey included a number of general questions to gauge respondents'

attitudes towards the use of technology in disaster management. As indicated by the

results summarize d in Table 2 , 620/0 of educator s and 43Yo of practitioners strongly agree

that technology currently plays an important role in disaster management and 79Yo of

educators and 58%ó of practitioners strongly agree that in the future, technology will

become increasingly important in this field.

Table 2: Attitudes toward tec
Statement Group N, Modal

Oninion
Combined
Maioritvii

Currently, technology plays
an important role in
emergency/disaster
management.

Educators 34
Strongly Agree
(62%)

Strongly
Agree + Agree
(82%\

Practitioners r69
Strongly Agree
(43%)

Strongly
Agree * Agree
(74%\

In the future, the use of
technology in
emergency/disaster
management will become
increasingly important.

Educators 34
Strongly Agree
(1e%)

Strongly
Agree * Agree
(e7%)

Practitioners r68
Strongly Agree
(s8%)

Strongly
Agree * Agree
(87%\

i. N indicates the total number ofresponses received for each question.
ii. The Combined Majority column contains the sum of the responses received in the Strongly Agree and
Agree categories.

Furthermore, the results reveal that almost 80% of survey participants agtee that

technology currently plays an important role in disaster management, but when asked

about the future, almost all of the participants agree that the use of technology will

become increasingly important. This implies that practitioners expect that technology will

become more widely available and it will be better able to meet their needs.

However, as mentioned in the Chapter 1, trade-offs are involved in increasing the

use of technology in disaster management, and the survey results provide insight into
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what these might be. For example, Table 3 shows that35o/o of practitioners expect

technology to provide advances in communication and improvements in the speed with

which decisions are made. However, more interestingly, ITYo of practitioners fear that

disaster managers will become overly dependant on technology. This trade-off is further

explored in Chapter 6.

Survey participants also highlighted several factors that hinder the use of

technology in disaster management. As outlined in Table 4,260/0 of educators and32%o of

practitioners indicated that a lack of knowledge about technology is the greatest

hindrance to its use in the f,reld. This finding suggests that disaster managers might be

having difficulty implementing technological solutions because they are too complex,

which is evidence of a disconnect between practice and software development.

Table The ications increased technol use

Item Practitioners
Advances in communication r9%
Increasing the use of technology might not be the best approach it
leads to over-reliance, increases vulnerability and the things that can go
wrons. and widens the sao between have and have-nots

t7%

Increase in speed of data acquisition resulting in quicker decision
makins

ts%

Imnroved resDonse 8%
More information available for decision makins 8%
Improvements to situational awareness 6%
Improvements to public waminss and notifications s%
Advances in the abilitv to share data 4%
Wider range of resources available to responders 4%
Minimize interaction between humans 3%
Increase need to education and train staff 3%
lncrease in accuracv 2%
Those unwilline to use it will suffer 2%
lncreas ng expectations from public and manasement T%

Increas ng costs to undertake work T%

Improvements to preparedness planning t%
Decrease in the number of lives lost t%
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Table 4: Hindrances the use of technol
Item Educators Practitioners
Lack of knowledge and training in the use of
technology 26% 32%

Cost 2L% 22%
Lack of fundine for technology 2r% 8%
Lack of clearly def,rned usage standards ts% 4%
Attitudes of regulators and leaders towards technoloev II%
Unwillingness to adopt technology and embrace
change

10/I /O 10/
I /tJ

Lack of access to equipment/software 4% 2%
Poor results from previous uses 4%
Lack of marketing on the part of geomatics technology
developers 4%

Technology is too complex 3%
lntegration between agencies 3%
Technolosical oroblems 2%
Reliance on pov/er .ro/

L,/O

Fear of over reliance on technolosv 2%

In addition, more than20Yo of both educators and practitioners highlighted cost as

a barrier to the use of technology. This is interesting because, in the context of a major

disaster event, the costs associated with technology (i.e. hardware, software purchase,

training, etc.) are minimal compared to the amount spent during a response effort and for

the clean-up afterwards. This f,rnding suggests that disaster managers believe that

governments, and ultimately taxpayers, are not willing to spend money planning for

events that may never occur, even if the initial investment is minimal compared to the

ultimate costs involved in a disaster event. However, investing in technologies that could

improve a community's capacity to plan for, respond to, and recover from a wide variety

of hazards is probably money well spent, since this could result in a better overall

response in which recovery occurs more quickly and costs are lower (Pearce, 2003).
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Knowledge of geomøtics

The survey results point to an increase in the use of technology in disaster

management but there will be consequences for doing so. The literature review and

taxonomy suggest that the use of geomatics might improve communication and decision-

making abilities, as was highlighted by practitioners in the survey. However, using

geomatics requires acertain level of knowledge and, as the results also indicate, a lack of

knowledge about technology is possibly the most significant hindrance to its adoption.

Accordingly, the survey was also designed to determine what educators and disaster

management practitioners know about geomatics technologies.

Participants were asked to rate their current knowledge of geomatics on a scale of

1 to 5. Table 5 reveals that the modal response for the Educator Survey was 3 and the

majority of participants selected either 2 or 3, which means that educators generally only

have a moderate level of knowledge of geomatics. Practitioners ranked themselves even

lower than the educators, with a modal response of 2, while the majority of practitioners

(58%) indicated that they have a low level of knowledge of geomatics (either I or 2).

i. The Combined Response column contains the sum of the responses received in the categories noted.

It is evident that the knowledge level of the majority of respondents in both

groups falls close to the low end of the scale and it seems there are very few geomatics

experts currently working in disaster management. This lack of geomatics knowledge

supports the assumption that the use of geomatics in disaster management is not fully

'able 5: Portici ics knowledse ranked on a scale oÍ I Ío
Statement Group N Modal

Resnonse
Combined
Resnonsei

Please rate your current
knowledge of geomatics
technolosv.

Educators 34 3 (s3%) 2 + 3 (74%)

Practitioners t07 2 (33%) r + 2 (s8%)
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realized. It also raises questions as to the focus ofcurrent research and suggests that

applications for disaster management at the i, 2 ar 3 integration levels might be better

suited for disaster management practitioners. Additionally, the fact that most practitioners

who responded to the survey have a low level of geomatics knowledge becomes

especially interesting when compared to the number of practitioners who indicated that

they plan on using geomatics in future disaster management activities. As show n in Table

ó, it seems that even though most of the practitioners who responded to the survey have a

low level of geomatics knowled ge,70Yo of them plan on using it anyway. This suggests

that even with limited knowledge about them, practitioners realize that even low level

geomatics integrations can provide benefits and geomatics can be a useful tool in disaster

management.

It is possible to overcome a lack of knowledge of technology by increasing

training and education. Indeed, Table 7 reveals thatT}Yo of practitioners who responded

to the survey agree or strongly agree that all emergency/disaster managers should be

educated in the use of GIS and GPS, and 610/o generally agree that they should be

educated in the use of RS. Additionally,T9o/o of educators agree that disaster

management programs should include courses in the use of geomatics.

Table 6: The nutnber of practitioners who plan to use seomatics in the future
Ouestion N Yes No
Do you plan to use geomatics technologies in future
emergencv/disaster management activities?

r27 70% 30%
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Statement Group Ni
Modal
Opinion

Combined
Majorityi

All emergency/disaster
management programs
should include courses that
provide instruction in the
use of GIS. GPS. and RS.

Educators 28
Strongly Agree
(3e%)

Strongly
Agree, Agree
+ Generally
Agree (79%)

All emergency/disaster
managers should be
educated in the use of GIS

Practitioners t12
Strongly Agree
(3e%\

Strongly Agree
* Agree (70%)

All emergency/disaster
managers should be
educated in the use of GPS.

Practitioners 81
Strongly Agree
(41,%)

Strongly Agree
* Agree (10%)

All emergency/disaster
managers should be
educated in the use of RS.

Practitioners 76 Agree (34%)
Agree *
Generally
Asree (61%)

i. The Cornbined Majority column contains the sum of the responses received in the categories noted.

bI, Geomati, disaster

These findings suggest that both practitioners and educators consider geomatics to

be important to disaster management and that it should be part of educational programs

and ultimately applied in the field. FurtheÍnore, the results presented in Table I

demonstrate that most practitioners either strongly agree or agree that GIS and GPS are

crucial component of disaster management (GIS 68%, GPS 58%) and that they are

currently underused (GIS 64yo, GPS 55%). However, practitioners believe that these

technologies are only somewhat critical to the success of disaster management activities

(50% agree or generally agree that the use of GIS is critical and 48o/o agree or generally

agree that the use of GPS is critical). This suggests that the use of technology is not the

only factor that ensures the success of activities undertaken in disaster management.

nt
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'able 8: The tance oÍ seomatics

Statement Group N
Modal
Oninion

Combined
Maioritvi

GIS is a crucial component of
emergency/disaster
management.

Educators 27
Strongly
Asree (59%\

Strongly Agree
f Asree (85%\

Practitioners 111
Strongly
Asree ß9%)

Strongly Agree
Ì Agree (68%)

GIS is underused in
emergency/disaster
management.

Practitioners r07 Agree (35%)
Strongly Agree
* Agree (64%)

The use of GIS is critical to the
success ofthe
emergency/disaster
management activities I am
involved with.

Practitioners 111 Agree (29%)
Agree +
Generally
Agree (50%)

GPS is a crucial component of
emergency/disaster
management.

Educators t9
Strongly
Agree (53%)

Skongly Agree
* Agree (89%)

Practitioners 82
Strongly
Asree (3T%\

Strongly Agree
* Agree (58%)

GPS is underused in
emergency/disaster
management.

Practitioners 78
Strongly
Agree (35%)

Strongly Agree
* Agree (55%)

The use of GPS is critical to
the success of the
emergency/disaster
management activities I am
involved with.

Practitioners 81
Generally
Agree (30%)

Generally
Agree + Agree
(48%)

RS is a crucial component of
emergency/disaster
management.

Educators 18
Strongly
Agree (50%)

Strongly Agree
i Agree (78%)

Practitioners 76
Generally
Agree (46%)

Agree *
Generally
Asree (68%\

RS is underused in
emergency/disaster
management.

Practitioners 10 Agree (33%)
Agree f
Generally
Agree (63%)

The use of RS is critical to the
success ofthe
emergency/disaster
management activities I am
involved with.

Practitioners 74
Generally
Agree (30%)

Agree i
Generally
Agree (5T%)

i. The Combined Majority column contains the sum of the responses received in the categories noted.
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It is interesting to note that the results also show that a large majority of educators

agree or strongly agree that geomatics technologies are critical to disaster management

(GIS 85%, GPS 89%, and RS 78%).Indeed, this suggests that educators might believe

that these technologies have great potential to assist efforts in disaster management.

However, despite the apparent criticalness of these technologie s, Table 7 indicated that

only 39Yo of educators strongly agreed that they should be included in disaster

management programs. This is either a reflection of the geomatics knowledge level of

educators with respect to the ability to teach geomatics or an indication that they believe

the use of technology is not the only way to ensure successful disaster management.

Geomstics in disaster msnagement programs

Both educators and disaster managers revealed that they have limited knowledge

of geomatics, but their survey responses convey their belief that education in these

technologies should be part of disaster management programs. As such, the second goal

of the survey was to determine whether disaster management programs offer instruction

in the use of these technologies. Table 9 reveals that more than half the programs offer

some instruction in geomatics, with79%o of disaster management programs providing

some type of instruction or courses in GIS, 59%o providing instruction involving GPS,

and 560/o incorporating RS into the curriculum.

'able 9: Number of educational programs oÍÍerins GIS, GPS and RS cours ts

Ouestion Yes No

Do any courses offered as part of the emergency/disaster management
program at your institution include instruction on the adoption,
implementation, or application of Geographic Information Systems
(Grs)?

79% 2r%
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Ouestion Yes No

Do any courses offered as part of the emergency/disaster management

program at your institution include instruction on the adoption,
implementation, or application of Global Positioning System (GPS)

technology?

59o/. 4t%

Do any courses offered as part of the emergency/disaster management

program at your institution include instruction on the adoption,
implementation, or application of Remote Sensing (RS) technology (e.g.,

aerialphotographs or satellite images in printed or digital format)?

s6% 44%

Based on these figures, it seems that information about geomatics should be

reaching a significant number of new disaster management practitioners. Furtherrnore, as

summarize d in Table 10, it seems that students enrolled in the disaster management

programs that include a geomatics component are gaining a moderate level of expertise in

the use of geomatics technologies. Educators believe that by the time of graduation, their

students have gained geomatics expertise similar to the knowledge levels of the educators

themselves. As such, future disaster managers may rank themselves higher on the

geomatics knowledge scale than the respondents to this survey.

Table I0: Graduatins student's seomatics ise ranked on a scale of I to

Statement Group N
Modal
Response

Combined
Resnonsei

Please rate the level of GIS
expertise that graduates

sain from vour Drogram.

Educators 25 3 (48%) 2 + 3 (76%)

Please rate the level of GPS

expertise that graduates

sain from vour Drogram.

Educators 18 3 (s0%) 2 + 3 (78%)

Please rate the level of RS
expertise that graduates
sain from vour Drosram.

Educators 16 2 (44%) 2 + 3 (8i%)

i. The Combined Response column contains the sum of the responses received in the 2 and 3 categories
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Use of geomcttics in disaster mønøgement

Despite the apparent lack of knowledge of geomatics within the disaster

management field revealed through my surveys, the literature review and taxonomy

indicated that at least some practitioners are using geomatics in all phases of the disaster

management cycle to solve avariety of problems. Fittingly, the third goal of the survey

was to determine, directly from practitioners and educators, iflhow geomatics is currently

used in disaster management, the benefits for doing so, and the challenges to

implementing it. Based on this knowledge, the results here were somewhat surprising.

Table I I indicates that the majority of survey respondents believe that the use of

geomatics is not common (560/0, 59%). Furthermore, when asked about applying it in

disaster management, the response that was most selected by survey participants is that it

is challenging to do so (47o/o,38o/o).

'able I Ie U, tics
Statement Group N, %
Please select the statement that most closely
represents your opinion on the use of geomatics in
emergencv/disaster management.

Educators 34

Practitioners 129

Geomatics is widely used in emergency/disaster
management

Educators 29%

Practitioners r6%
Geomatics use is not common in emergency/disaster
management

Educators s6%
Practitioners s9%

Geomatics is currently not used in
emergency/disaster management

Educators 3%
Practitioners s%

Don't know Educators t2%
Practitioners 20%
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Statement Group N' %
Please select the statement that most closely
represents your opinion on the application of
seomatics in emergencv/disaster management

Educators 34

Pracfitioners 130

It is easy to apply geomatics technologies rn
emergency/disaster management

Educators 29%
Practitioners r6%

It is challenging to apply geomatics technologies ih
emergency/disaster management but it can be done

Educators 47%
Practitioners 38%

Right now, it is too difficult to apply geomatics
technologies in emergency/disaster management

Educators 9%

Practitioners I5%
It is impossible to apply geomatics in
emergency/disaster management

Educators 0o/o

Practitioners t%
Don't know Educators Is%

Practitioners 30%
i. N indicates the total number ofresponses received for each question.

On the other hand, these questions generated a higher-than-expected number of

'Don't know' responses, which might indicate that they were difficult for participants to

answer. This could mean that the high 'don't know' response is a reflection of the overall

lack of knowledge of geomatics held by all participants. They might believe that they

don't know enough about geomatics to determine whether it is being used or how

difficult it is to apply. Notwithstanding this, these results indicate that the majority of

survey respondents believe that geomatics is not commonly used in this field.

If its use is not common, then how many practitioners are actually using it? Table

12 shows that well over 60o/oof practitioners have used each of the geomatics

technologies. Thus, it seems that its use, at least at a low integration level, is more

widespread than practitioners believe and practitioners may be unaware that their

colleagues are using geomatics. This supports the need to find better ways of sharing

information amongst disaster managers and highlights an opportunity to use my

geomatics taxonomy as a tool to distribute information to them.

81



Table I2: The number of oractitioners usins seomal l.ç

Ouestion N Yes No
Do you use or have you used Geographic
Information Systems in emergency/disaster
management activities?

r69 73% 21%

Do you use or have you used Global Position
System technology in emergency/disaster
manasement activities?

r62 64% 36%

Do you use or have you used Remote Sensing
technology in emergency/disaster management
activities?

t47 6r% 39%

It is also interesting to look more closely at the number of practitioners who have

used each individual technology. Table I2 indicates that GIS is the most popular

geomatics technology but it is very surprising that only 6lYo of practitioners indicated

that they have used RS. The survey instrument defined RS as the use of aerial

photographs or satellite images in printed or digital format, and these types of images can

be incorporated into almost any project. Furthermore, if the results presented in Table I

are re-visited, it appears that when compared to the other technologies, practitioners

believe RS is the least critical technology,that it is not as underused as GIS and GPS, and

only a small majonty (5L%) agree or generally agree that the use of RS is critical to the

success of disaster management activities. These results confirm that RS is the least used,

and is also considered to be the least useful, geomatics technology. These results are not

surprising when compared to the average practitioner's level of knowledge of geomatics,

however, they also reflect a need to better distribute information to practitioners.

After learning that practitioners are using geomatics technology, questions

regarding its actual practical uses can be addressed. Table /3 provides a list of the

activities for which practitioners have used geomatics. The scores for each activity were
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determined based on the scoring criteria defined in Chapter 3. The scores make it

possible to rank the activities based on actual ttse. Figure 6, Figure 7, and Figure I

visually depict the rankings and the final order and clearly indicate exactly how

practitioners are using geomatics. Indeed, the results indicate that practitioners use both

GIS and RS for preparedness planning, decision making, and producing maps for

emergency responders, whereas GPS is used for preparedness planning, producing maps

for emergency responders, and allocating resources. Examples of each type of use were

discussed in the taxonomy.

Table l3: How practitionee w tt rS USC tcs

Activitv N' Score

GIS
Preparedness planning 90 95

Decision makine durine emergency response activities 86 92

Producins maos for emergençy responders 86 90

Evacuation mapping and planning 73 55

Producins vulnerabiliry maps 7l 44

Risk mappine 72 43

Simulation and modeling 70 43

Allocatins/coordinatins resources during emergency response 59 36

Predictins imoact zones 67 31

Distributine information to the media or public 54 21

Disaster recovery olanning 55 20

Determinine mitieation needs 38 15

Estimating damages 37 t4
Distributing information to victims 34 6

Trainins I

Event comnarison 1

Situational awareness i
GPS
Preparedness planning 58 71

Producins maps for emergency responders 48 59

Allocatine/coordinating resources during emergency response 47 46

Risk mappine 33 43

Decision making during emergency response activities 42 38

Producins vulnerability maps 30 34

Evacuation mapping and planning 32 JL

Estimatins damases 24 2I
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Activity N' Score
Determinins mitisation needs t1 20
Simulation and modeline 28 T3

Distributine information to victims I2 7

Predictins impact zones 18 6

Distributine information to the media or public t7 6

Disaster recovery plannine 28 5

Locatins exact location of hazards 4
Navisation t
Trackins resources and oersonnel I
RS
Preoaredness olannins 53 88

Decision makins durins emersencv resDonse activities 45 48
Producine maos for emergencv resoonders 51 41

Risk mappine 36 32

Simulation and modeline 35 29
Evacuation maonins and nlanninp 36 25

Produc ns vulnerabilitv maos 36 22
Predict ng rmoact zones 34 22
Alloca ns/coordinatins resources durins emersencv resoonse 30 20
Estimat ng damages 27 t7
Disaster recovery planning JJ T6

Determinine mitieation needs 24 9

Distributins information to the media or nublic 23 J

Distributins information to victims 11 2

Documentins transoortation needs I
Evacuation studies I
SecuriW i
i. N indicates the nurnber of respondents who selected each item.
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Figure 6: Summary of practitioner's top ranked GIS activities
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Figure 7: Sumrnary of practitioner's top ranked GPS activities
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Figure 8: Sumntary of practitioner's top ranked RS activities
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The results discussed earlier showed that practitioners are willing to use

geomatics even though they have limited knowledge of it. This suggests that they expect

to realize benef,rts when they apply it. Thus, identiffing the benefits of using geomatics is

important for improving future software/hardware and can indicate areas for more

efficient applications. Based on the data summ arized in Toble 14, approximately 30Yo of

practitioners consider the graphical functionality and the ability to visualize a situation to

be the most significant benefits for using GIS and RS, and 25o/o of practitioners find that

GPS simplifies the management of responders and 19% believe that it improves

navigation. These benefits seem to provide the enhanced communication and decision-

making abilities that are important to practitioners.

Ø
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Table I4: The benefits ust eomatics
Item Response
GIS
It is a eraphic tool (visualization) 29%
Provides improved situational awareness L8%
Supports decision makins r2%
Allows production of instant maps t2%
Provides location information tr%
Facilitates better nlanmns 6%
Provides abilitv to share information 3%
Imoroves resoonse 3%
Allows for simulations 3%
Imoroves flexibiliw I%
Improves search and rescue I%
Increases accuracv and reliability T%

GPS
Simolifies manasement of resoonders lcan deolov as needed) 25%
Navisation aid I9%
Incident olottins r9%
lncreases accuracv. dependabiliw. and reliabiliW t3%
Provides abiliw to track (people/resources) tr%
Provides location information 9o/.

lmproves search and rescue s%
RS
lt is a sraohic tool (visualization) that depicts the real world 37%
Rescue and recoverv damage assessments r9%
Develooins emersencv olans 13%

Improved situational awareness 13%

Better response 7Yo

Increases accuracv and reliabilitv 5%
Shows location of shelters 4%
Imoroves decision makins 2%

In addition to the benefits, it is important to understand what types of challenges

to expect when implementing technology. As such, survey'participants were asked to

select and rank the challenges for the use of geomatics in disaster management. The items

listed in Table 15 were identified by survey respondents as the most significant

challenges for the use of geomatics. The most significant challenges seem to be economic

and organizational, which confirms the factors highlighted in the literature review.
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'able I5: The challenses f'or implententi

ltem Educators Practitioners

Ni Score N Score

Cost of software 2I 29 60 81

Cost of equipment (hardware) 18 26 55 68

Communication between departments/agencies etc. 24 21 t5 60
Expert knowledge is required t6 L9 54 69
No standards or procedures in place outlining the use
of geomatics in emergencv/disaster management

\4 i3 56 38

Cost to collect data T6 11 54 7T

Data quality and accuracy 16 10 49 44
Unable to acouire data ouicklv i0 8 36 l7
Technical issues t4 8 39 27
Don't know how to use seomatics technolosies t2 8 JI 42
Lack of data 9 4 28 t6
Existing software is not adequate for
emersencv/disaster manasement

5 4 20 t0

Geomatics technolosv is too comolex J 2 2T

Legal framework for the use of geomatics in
emersencv/disaster manasement does not exist

6 2 8 4

Lack of communication or other infrastructure 7 2 24 8

Lack of fundins 5 11

Potential academic turf wars 2 2

Existing hardware is not adequate for
emergencv/disaster mana gement 2 1 7 2

Too much data available 5 t3 I
No time for staff to address issues I
No training available I 2

No caoacitv i -t

Privacv concerns J 1

Data requires continual maintenance and uosrades I
Manasement not convinced it is required 1

Resistance to change from older emergencv managers
Unable to acquire the technoloev I
There are no benefits to using geomatics technologies
in emersencv/disaster manasement

2 7

i. N indicates the number of respondents who selected each item.

However, the survey data also shows that survey participants consider the need

for expert knowledge to be much more significant than was indicated in the literature. It

is also interesting to note that although they were discussed in detail in the literature,
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cultural challenges such as privacy concerns and the lack of a legal framework were

ranked relatively low and these do not seem to be significant challenges to respondents.

The survey data collected also allows the challenges to be placed into a priority

order. However, if the challenge order was based solely on selection frequency,

communication between departments and agencies would be at the top of the list for both

groups. Further analysis of the rankings reveals that although communication is a

challenge, it was not ranked in the top three nearly as often as the economic challenges.

Figure 9 and Figure l0 are graphical representations of the selection frequency and ranks

for each of the top five challenges listed in Table I 5. Figure 9 reveals that based on the

data collected from educators, the economic factors are more significant to more people.

For instanc e, 67%o of the participants who chose the cost of software as a challenge

ranked it among the top three, whereas only 38% of participants who chose

communication ranked it among the top three. It is clear that communication is a

challenge; however, based on the overwhelming number of people who ranked cost items

in the top three, there is little doubt that cost is the most signif,rcant challenge for the use

of geomatics in disaster management. It is also interesting to note that even though the

costs were split into two categories, both appear at the top of the list for both groups.
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Figure 9: Top challenges for itnplementing geomatics - Educator Survey
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Figure I0: Top challenges for implementing geomatics - Practitioner Sut'vey
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Softwøre developers

The fourth goal of the survey was to determine the importance of disaster

management to the manufacturers of geomatics technologies. As noted earlier, however,

the Software Developer Survey was unsuccessful and no data were collected. The non-

response could indicate that disaster management is not an important market for the

manufacturers of geomatics technologies. However, since there are hardware and
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software products available, the disaster management field must be of some importance

to software developers. Indeed, at the very least, this response rate is an indicator of a

signif,rcant disconnect between practice and software development.

Evidence of this disconnect is fuither found in some of the responses provided by

practitioners to the hardware and software questions. For example, the data presented in

Table I6 indicates that most practitioners either generally agree or are neutral when asked

if the currently available software is adequate and affordable. And when asked if GIS

soffware is adequate for their needs, 560/o of participants selected neutral and generally

agree. Similarly, opinions are divided on GIS soffware affordability and 50o/o of the

respondents selected answers on either side of the neutral answer. The results for GPS are

slightly more positive, whereinT0o/o of participants generally agree or agree that the

available GPS equipment is adequate and 610/o generally agree or agree that it is

affordable. However, practitioners seem less enthusiastic about RS and although more

than 50o/o of practitioners generally agree that RS products are adequate for their needs,

opinions are divided on affordabiliLy (50% selected answers on either side of the neutral

choice). This disconnect between practice and the producers of geomatics technologies is

further explored in Chapter 6.
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'able l6: Hardware/t

Statement Group Ni
Modal
Opinion

Combined
Maioritvi

GIS software that is
available' off-the-shelf,'
meets all of my
emergency/disaster
manasement needs.

Practitioners 106
Generally
Agree (31%)

Generally
Agree *
Neutral (56%)

The GIS software that will
meet all of my needs is
affordable.

Practitioners 105 Neutral (28%)
Generally
Agree *
Neutral (53%\

GPS equipment that is
available'ofÊthe-shelf,'
meets all of my
emergency/disaster
management needs.

Practitioners 79
Generally
Agree (46%)

Generally
Agree * Agree
(70%)

The GPS equipment that
will meet all of my needs is
affordable.

Practitioners 80
Generally
Agree (39%)

Generally
Agree * Agree
rct%\

The RS products that are

available meet all of my
emergency/disaster
manasement needs-

Practitioners 70
Generally
Agree (50%)

Generally
Agree *
Neutral (67%)

The RS products that will
meet all of my needs are

affordable.
Practitioners 68 Neutral (26%)

Generally
Agree +
Neutral (49%\

i. The Combined Majorify column contains the sum of the responses received in the categories noted.

SumnuRv

Most survey respondents agree that technology plays an important role in disaster

management and that it will continue to do so into the future. Survey respondents also

agree that all practitioners should be educated in the use of geomatics technologies;

however, they themselves admit to only having a low level of knowledge of it.

Notwithstanding their knowledge level,T3Yo of the disaster management practitioners

reported having used GIS, while 64Yohave used GPS, and 610/o have used RS.

Additionally,T0o/o of respondents indicated that they plan to use geomatics in the future.

Both educators and practitioners indicate that the use of geomatics is important enough
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that all disaster management education programs should include instruction in the use of

GIS, GPS and RS. And the results indicated that currently 79% of disaster management

programs include a GIS component , 58o/o include a GPS component , atd 56%o include a

RS component. The results also show that a large number of practitioners are using

geomatics and they agree that each technology is a critical component of disaster

management. However, there are a number of challenges for using it in the field, which

include the cost of software, the cost of equipment (hardware), communication between

departments/agencies, the requirement for expert knowledge, and a lack of standards.

Additionally, practitioners are not convinced that the GIS, GPS, and RS products

currently available are affordable or meet their needs. Yet, they also indicated that they

are able to achieve some benefits - namely, that geomatics provides enhanced

visualization capabilities.
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6. DISCUSSION

The web-based survey was an excellent way to collect a large amount of new data

to address my specific research questions and to evaluate the current use of geomatics in

disaster management. This chapter begins with a discussion about the use of a web-based

survey and the survey instruments, including a description of the validity of the

instruments and the errors and bias associated with a web-survey. Other professions have

also encountered challenges with the use of new technologies in their field. This chapter

connects the use of technology in disaster management with the integration of technology

into other professions and society as a whole by discussing the survey results within the

context of new technology use in other fields and by comparing the survey results with a

disaster management study undertaken by Marincioni (2007). I also use the results from

the web-survey to achieve my second objective, which was to evaluate the current use of

geomatics in disaster management, and determine whether there is a disconnect between

practice, education, and software/hardware development.

Tnn wBS-¡ASED SURVEY

Since the survey mode influences the reliability and validity of the results, the

selection of the web as the survey mode was made only after careful review and

consideration. Indeed, using web-based methods provides distinct advantages over

traditional mail or telephone surveys, but several disadvantages also exist.

One advantage of a web-based survey is that it provides the ability to rapidly

collect responses and to reach alarge number of potential participants quickly and

economically (Fowler,2002).In this instance the use of e-mail and the web allowed the

invitations to be widely distributed with minimal costs. Kaplowitz et al. (2004)
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determined that a similarly targeted survey administered on the web costs approximately

$1.30 per retum. Although a comparable mail survey attracted 10% more participants, the

costs were approximately $11 per return. As such, inviting more than 3000 participants

via mail in both Canada and abroad would have exceeded my modest project budget.

Additionally, using a web-based survey avoided tasks such as printing, copying,

addressing, and distributing hardcopy surveys via the mail and thus, further reduced the

time and effort required to administer the survey. There are also several other advantages

to using the web including the ability to design a user-friendly research tool that is easy to

access, eliminates researcher error while recording responses, and provides automated

data analysis capabilities (Kaplow itz et a1.,2004).

The disadvantages to using a web-based survey are highlighted by Sills and Song

(2002) and common problems that may arise include participant bias, non-response due

to the ease with which people can ignore invitations to participate, questionable sample

validity, and the potential for technological issues. Additionally, motivational tools to

increase response rate have not been tested for the Internet and the methods used to

improve response rates to mail surveys may not translate to this mode (Kaplowitz et al.,

2004). Recent years have atrso seen an increase in unsolicited and fraudulent e-mails,

which have eroded user confidence about the validity of e-mails (Sills and Song, 2002).

In addition, a common problem for any self-administered research instrument is that the

interviewer is not directly involved with the questioning and cannot provide clarification

to the participants (Fowler, 2002).
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Survey Instruments - vølìdìty

Each survey instrument was divided into four sections and took approximately ten

minutes to complete. All three survey instruments were reviewed for content and face

validify and pre-tested by academics, practitioners, and other graduate students.

Concurrent validity was determined by comparing the information collected in this

survey with the information gleaned from the literature and the results of a suruey of

disaster management organizations conducted by Marincioni (200D.4 The results of both

the Educator and Practitioner Surveys confirm the challenges and attitudes towards the

increased use of technology identified in the literature, and these results show trends

similar to those found in Marincioni's research. As such, it appears that the results

achieved with these survey instruments are consistent with previous research in this area.

Errors ønd bias

Errors and bias have the potential to significantly affect the response rate and may

even invalidate the survey results. For these surveys, the two most obvious and

significant errors, non-response and non-coverage effors, are a function of the survey

mode. The survey was designed so that the most common non-response errors - technical

problems, a seeming lack of conf,rdentiality, and difficulty in understanding the question

and questionnaire - would not factor into the response rate achieved (Sills and Song,

2002).Indeed, the low response rate to the Practitioner Survey does not indicate a non-

response error. It is likely due to the fact that many potential respondents may have

immediately deleted the invitation e-mail. Furthermore, the response rate to the Educator

Survey may have been higher due to the overall willingness of educators to participate in

a Note that although Marincioni's results were published in 2007, his survey research was actually
conducted in 2001 (F. Marincioni, personal communication, January 8,2008).
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research and the more personal nature of the invitation e-mail (I sent the invitations from

my University of Manitoba e-mail account). However, as outlined previously, both

surveys achieved a response rate sufficient to allow the results to be generalized to the

wider population, thus making the non-response error less significant.

The disaster management community is large and includes a wide variety of

professions including local first responders, emergency managers, secondary responders,

consultants, and those working for universities, non-governmental organizations, and

national and intemational agencies. This survey reached several people within each group

but a non-coverage error still exists because of the survey mode and recruitment strategy.

Not every disaster manager belongs to the e-mail user groups to which invitations were

sent. Additionally, not every member of the population has access to or is able to use a

computer to complete a survey. Hence, the results do not include input from those that

are not part of the online communities nor from those who are not computer literate.

However, this survey is'about technology and its use in disaster management, hence,

responses from those who use technology as a tool and those who are technology literate

are more desirable. Indeed, the sample seems to be highly representative of the target

population, and provides important data.

Other effor sources include item non-response errors and incomplete surveys. In

some instances it may be desirable, even critical that an answer is obtained from every

participant for every question. The design of these surveys was such that answers were

only required for questions that incorporated skip logic. This was done because the value

of receiving responses for some questions was more important than receiving a complete

survey from each participant. Accordingly, to avoid discouraging participation,
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respondents were encouraged to skip questions and exit the survey at any time. The

completion rate for the Educator Survey was 97%o, but only 78o/o for the Practitioner

Survey. Comments left by practitioners in lieu of legitimate responses indicate that the

lower completion rate was due to participant fatigue. Participants felt the survey was too

long and contained repetitive questions. As a result, answers to the important questions

near the end of the survey were not received from those practitioners who exited the

survey early. In addition, based on the response rate to the hardware/software developer

survey, and the apparent participant fatigue noted in the Practitioner Survey, a lesson

leamed is that successful pre-testing does not guarantee anything.

Despite my best efforts the survey results also include an element of bias. The

survey was focused on the use of geomatics technologies, however, geomatics was

specifically not mentioned in the survey title, thus avoiding the risk of only receiving

responses from those who are familiar with, or have used geomatics. Although many

participants completed and submitted the entire survey, one practitioner seemed to take

issue with my approach and provided the following comment:

This was a set up survey which focused not on technology in emergency
management, but it seems to point at a special interest of the author -
geomatics. Technology goes beyond radios and GlS/mapping. Trying to
compartmentahze will divert dollars from all-hazard, all-phase approaches
to specific interests of this grad student. Next time - why don't you just
say it's a survey about mapping/photography technology?

-Anonymous 
Practitioner, Question 54, Practitioner Survey

Based on this and other comments, I believe the strategy used to reduce bias was

successful. For example, the information provided by this particular practitioner

regarding the aIl-hazards approach is extremely valuable and was incorporated into the

case study. Additionally, two participants commented that the use of the term
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'technology' was too general because technology could include almost anything invented

by humans. Notwithstanding these minor issues, the responses received indicate that

participants have a wide range of expertise with and knowledge about geomatics.

A TpcHNoLoGY-BASED SoCIETY

Technology is penetrating almost all facets of life in the twenty-first century.

Social networking is done online, 'Google' has become a verb, news spreads quickly

through blogs and YouTube, and texting has spawned a new language. Some people even

seem to base their social worth on the number of Facebook friends they have. The use of

communication technologies appears to have become almost an obsession for some,

particularly those considered 'Gen Y' (Tancer, 2007). While an exploration of how, or if,

the Internet, social networking, and cell phone communication can contribute to disaster

management is beyond the scope of this thesis, it is interesting to contemplate whether

the technological explosion that is occurring throughout today's society is mirrored in the

field of disaster management; or if not, why.

The ease with which many younger members of society have increased their use

of technology makes it seem as though the adoption of any technology is straight forward

and automatic. Even though 'adopting technology' seems to be extremely common and

simple there is not much academic literature.available on the adoption of technology in

disaster management. However, significant research has been conducted within an

educational context and many articles have been published that highlight the barriers to

adopting technology in schools and in the classroom.

Indeed, the barriers to the adoption of technology in education are very similar

the challenges faced by disaster managers. For example, a literature review completed

to

by
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Finley and Hartman (2004) determined that the most signifîcant barriers to technological

adoption in education are: a) the lack of available training; b) the lack of a clear vision or

plan for its use; c) a lack of support from senior management; d) an institutional culture

that does not support the use of technology; e) a fear that the increased use of technology

will lead to over-reliance and the loss of the ability to think; and f) technology further

increases the division between advantaged and disadvantaged groups.

When initially developing this research project, I did not consider that technology

could widen the gap between advantaged and disadvantaged groups; however, the

conditions in disaster management are often not that different from those in education.

For example, Finley and Hartman(2004) note that in the United States, students

attending public schools in areas with a higher percentage of poor people do not have the

same access to computers as students who attend schools in wealthier areas. Thus,

students in the schools with fewer computers do not receive the same amount of

instruction or gain as much experience with them. Similarly, in disaster management,

wealthier communities can afford to implement state-of-the-art warning or monitoring

systems and build mitigation structures, while residents living in small, rural, or poor

communities may not have the means to implement such solutions. Another facet of this

issue was expressed by a disaster management practitioner as follows:

On the negative side, fthe use of technology will create] a greater class
disparity between educated wealthy communities and poor uneducated

fones]. [The result will be] that the poor will have less control over their
community's recovery and reshaping after a disaster. The poor will lose
their voice as greater credence is given to technology than is given
personal experience.

-Anonymous 
Practitioner, Question 5, Practitioner Survey
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Thus, it seems important for disaster management professionals to continue to use

community-based approaches and to strive for sustainablehazard mitigation to ensure

that the public and communities are empowered by technology.

TUB ¿oopuoN oF TECHNoLoGY IN DISASTER MANAGEMENT

There is evidence that the use of technology in disaster management is increasing

and almost all of the participants in this research agree or strongly agree that, in the

future, technology will become increasingly important to disaster management. This is

supported by Marincioni's (2007) recently published suryey results that suggest alarge

majority of emergency managers believe that technology holds great potential for disaster

relief. However, Marincioni also noted that in certain cultural settings, the prevailing

attitude towards technology may be that "IT are powerful tools through which it is

possible to improve disaster communication and education. However, IT are not the f,rnal

solution for emergency management." @. a6\.Indeed, survey respondents have mixed

feelings towards the adoption of technology and have identified several trade-offs to

increased technology use. These include the possibility that disaster managers will

become over-reliant on it, public expectations will increase, and risks may increase.

It is possible that disaster managers may become overly reliant on technology.

Indeed, I7%o of disaster management practitioners believe that over-reliance on

technology is a serious issue and many don't think that technology is the answer. For

example, a typical practitioner comment summarizing the fear of over reliance is as

follows:

One change I that I believe we will encounter is more reliance on
technology that may hinder future responses and "thinking on one's feet".
If technology is seen as the "save all" in the future then we will not retain
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skills needed to respond if that technology is knocked out or not available.
However, technology is not the enemy, we must combine both technology
and human knowledge (improvising as well) to develop effective
emergency management for both the present and the future.

-Anonymous 
Practitioner, Question 5, Practitioner Survey

This over-reliance could minimize human interaction and take the 'human element' out

of the job. Additionally, others are worried that technology might eliminate jobs. It was

suggested that some experienced disaster managers might find it difficult to adapt to

technology and fall behind. These issues were conveyed as serious concerns and are

summed up by one survey participant as follows:

Technology brings about better communication and more reliable data for
quick decisions which help us manage a disaster. The use of technology
will greatly help us evacuate people in a timely fashion. But I don't want
to see the use of modern technology eliminate many who work in this field
due to their lack of high tech training or perhaps age related resistance to
change. Sometimes there is a little wisdom that comes with age, and that
should be valued too.

-Anonymous 
Practitioner, Question 5, Practitioner Survey

In theory, technology provides quick, reliable, access to information at any time.

However, there is concern amongst practitioners that the increased use of technology will

lead to the public perception that emergency managers have access to information24-

hours-a-day,7-days-a-week, and thus, response results will improve significantly. The

increased public expectations may put additional pressure on disaster managers to

achieve results. For example one practitioner noted that:

In the past, taking hours or days to move information was acceptable.
Now, minutes are frustrating.

-Anonymous 
Practitioner, Question 5, Practitioner Survey

Indeed, it is very difficult to measure the impact and to see the results or benefits of the

use of technology (Stephenson and Anderson, 1997). However, based on my research, it

seems that practitioners are realizing benefits. For example, the survey findings indicate
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that T5o/o of practitioners believe technology facilitates the acquisition of accurate data in

a timely manner, which results in quicker, more accurate decisions. Additionally,

technology helps take the guess work out of disaster management and one practitioner

noted that:

Technology allows emergency managers to operate quicker and more
accurately within the fast-paced environment of an emergency or disaster.
The movement of situational information and the provision of resources at
the impact points can be expedited by timely, accurate information to
prepared response and recovery personnel.

-Anonymous 
Practitioner, Question 5, Practitioner Survey

However, the benefits with respect to lives saved or reduced property damage are

difficult to quantiff.

Along with the potential and real benefits, increasing the use of technology may

also increase risk, bring about added destruction, and increase vulnerability. For example,

our technological infrastructure is subject to attack and the use of technology to construct

mitigation structures has led to increased vulnerability for many and as mentioned in

Chapter 1, despite the adoption of technology in disaster management, the number of

people affected and the economic losses due to recent hazard events both continue to rise

(Mileti, 1999). Additionally, as noted by Hewitt (1983), the use of technology to improve

prediction capability may lead some to believe that nature has been controlled and risk

has been removed.

Thus, based on the trade-offs it seems that not all costs associated with the use of

technology are economic (Hewitt, 1983). However, there is evidence that despite these

issues the use of technology in disaster management is increasing. For instance, when the

results of my survey are compared to those obtained by Marincioni (2007), who collected

his data in 2001 (F. Marincioni, personal communication, January 8, 2008), it appears
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that the use of geomatics technologies has almost doubled in the past six years.

According to Marincioni's research, in 2001, 360/o of respondents to his survey had

access to GIS, 39%o to GPS, and 34o/o to remote sensing technologies. Meanwhile, my

survey indicates thatT3o/o of respondents use GIS, 64youse GPS, anð,6I%ouse RS.

Access to technology has improved significantly since 2001, but are there other

possible explanations for the apparent increase in use? Further examination of the results

from both surveys indicates that the profession has not actually changed significantly. For

instance, in the United States it is still dominated by men and predominantly those in

their 50s. However, the number of female disaster managers has increased slightly by

approximately eight percent. Based on the demographic data, a major change does appear

to exist in the educational background of today's disaster manager. In Marincioni's

research only 18% of respondents have a formal educational background in disaster

management. Marincioni notes that they have, however, "attended a wealth of short-term

specialised courses in emergency management" $. a6Ð. He also adds that 35% of

disaster managers below the age of 40 have academic training or degrees in disaster

management. In contrast, almost 80% of respondents to my survey have at least a

bachelor's degree (although I did not ask whether the degree was related to disaster

management). Based on this difference, either my survey attracted more people with

higher education or the overall education level of the profession has increased, leading to

the corresponding increase in the use of technology.

The adoption of technology in disaster management is very complex and there are

both benefits and trade-offs for doing so. However, the use of technology is increasing in
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disaster management and based on historical pattems it will continue to do so, albeit at a

slower pace than in society as a whole (Stephenson and Anderson, 1997).

THn oIScoNNECT wITH SoFTwARE DEVELopMENT

As mentioned previously, due to the non-existent response rate, the software

developer survey was abandoned shortly after issuing the initial invitation. The lack of

interest shown by soft'ware developers could be interpreted as strong evidence of a

disconnect between them and the other groups involved in disaster management. Indeed,

the data gathered from both the Educator and Practitioner Surveys indicate that there is a

disconnect with sof¡ware development in that educators and practitioners don't believe

that the software currently available is affordable or meets their needs. Thus, it is

extremely unfoúunate that, because software developers did not respond, only one side of

this disconnect can be explored.

For those in the Educator group the disconnect is with respect to the software

itself. Many respondents to the Educator Survey commented that software is overpriced,

which makes it impossible for educational institutions to keep current. In addition, many

respondents noted that the hardware/software available from one company is often not

compatible with the hardware/software produced by another. This makes research, data

sharing, and the choice of software for demonstration/teaching purposes very difficult. In

general, educators believe that software developers do not seem to understand the

requirements of either educators or disaster management practitioners, and that the

software currently available is not adequate for use in this field.

Based on the survey results the disconnect with practitioners goes much deeper

than just software. For example, many practitioners believe that software developers do

105



not recognize disaster management as an important market. Practitioners claim that

software developers are forcing them to use products cleveloped for other applications,

even though this software may not be appropriate for use in disaster management.

Additionally, many practitioners are skeptical about software developers because claims

that have been made in the past have rarely come true. One respondent to the Practitioner

Survey, referring to a major Canadian software developer, put it this way:

fThey are] trying to sell a universal bill of goods that may have been
developed for one client that just doesn't cut the mustard, and they want
your first bom child to modify it to suit our needs. A right rip-off.

-Anonymou 
s Practiti oner, Que stion 49, P r actitioner Survey

Practitioners also commented that they receive very little support from software

developers. Training courses and technical support targeted at the disaster management

community do not seem to be common. In addition, several practitioners stressed that

software developers and other geomatics professionals don't understand the requirements

of the disaster management community or the activities they undertake. One respondent

reflected that:

Emergency managers don't know what geomatics can do for us, and
geomatics experts don't understand enough about emergency management
to see new ways of using the technology to help us.

-Anonymous 
Practiti oner, Questi on 49, P r actitioner S urvey

The advent of new technologies is often seen by the public as a positive

development but in the opinion of disaster managers, constant updates and new versions

of software give the impression that old systems are unreliable or faulty. They also note

that even if they could afford to stay current, practitioners do not want to implement the

newest software products because they do not want to have to deal with software bugs.

r06



As such, they prefer to use proven technology because a technological problem during a

disaster event could result in both the loss of life and infrastructure.

The survey results indicate that cost is a significant challenge and hinders the use

of technology in disaster management. Furthennore, survey respondents note that it is

very difficult for local jurisdictions and educational institutions to investigate costly

technological solutions. In response to rising costs, survey participants suggested that the

use of fi'ee, widely available, open-source information may be a good option. However,

based on previous experience, they believe there is unwillingness on the part of software

developers to explore the use of open-source information. Indeed, the survey results

indicate that both sample populations believe the profit-driven, proprietary approach

taken by soffware companies is limiting the use of geomatics technology in disaster

management. For example, practitioners find it is extremely difficult to experiment with

geomatics tools to explore solutions that could benef,rt society as a whole because data

can't be shared and software is not interoperable. Additionally, the survey results indicate

that opinions of practitioners are divided on whether the products currently available

meet their needs and are affordable. All of these factors are likely contributing to

practitioner and educator frustration, which widens the gap with software development.

However, the survey results indicate that despite the disconnect with soffware

development and the challenges associated with the use of geomati cs, 7 \Yo of

respondents are planning to use it for future projects. Thus, finding ways to bridge the

gap between software development, practice, and education is increasingly important.

One practitioner had the following suggestion for the publishers of emergency

managementmagazines for closing the gap with software development:
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Stop letting the software developers and tech folks write the articles for
emergency management publications. [Let practitioners] point out easy to
understand , practical benefits of the technology.

-Anonymou 
s Practiti oner, Questi on 5 4, P r actitioner S urvey

Based on this and other similar comments, practitioners are interested in knowing how

they can achieve real benefits on a day-to-day basis through practical, simple, cost-

effective applications of technology. As such, practitioners seem to be more interested in

leaming about how they can integrate and benefit from lower level geomatics integrations

rather than being overwhelmed by the cutting edge level 4 or 5 integrations that will be

difficult for them to incorporate into actual practice.

ExpI,oRTNc THE DISCoNNECT BETwEEN EDUCATION AND PRACTICE

Clearly a disconnect exists between the disaster management community and

software development. Is the same also true in education and practice? There seems to be

subtle evidence of such a disconnect, however, there are many similarities between these

groups. Indeed, in general, the results from the scaled questions provide very little

evidence of a disconnect befween education and practice. For example, both groups

selected similar challenges for the use of geomatics and identified similar factors that

hinder the use of technology, and both groups agree that technology currently plays an

important role in disaster management, the use of geomatics is not common, and it is

challenging to apply it in this field. However, evidence of the subtle disconnect is found

in the survey results that show educators believe technology will become more critical to

disaster management and based on the open-ended questions, they are having diff,rculty

aligning teaching priority with practical use. Indeed, it appears that any disconnect

between education and practice may be much more subtle than originally anticipated.
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The sìmilarities

Although they do not provide evidence of a disconnect between education and

practice, answers to questions related to the challenges for the use of geomatics in

disaster management reinforced the challenges identified in the literature review (i.e.

ec onomi c, cultural, or ganizational, hardware/s o ftware, and phy s ic al challenges).

Additionally, there were no surprises that the top five challenges identif,red by both

groups are almost identical. Identifuing similar challenges, as listed inTable 17, indicates

that both groups share similar struggles for the use of geomatics. These results also

reflect the disconnect with software development in that cost, and the need for expertise

is ranked so high.

Even though this list of challenges reflects what was leamed from the literature, it

provides two pieces of new information. First, the challenges can be ranked with

certainty. Second, the need for expert knowledge appears to be much more significant

than originally thought. In the literature, this challenge is discussed primarily in the

context of a software use issue, rather than an overall challenge for the use of geomatics.

As such; it was originally grouped as part of the hardware/software challenge category.

However, based on the increased significance demonstrated by the survey results, this

challenge can be put into its own category. As discussed previously, a possible

Table I7: Challenses f'or the use of peomatics in disaster management
Rank Educators Practitioners
1 Cost of software Cost of soffware
2. Cost of equipment (hardware) Cost to collect data

J.
Communication between
deoartments/agencies etc

Expert knowledge is fequired

4. Exnert knowledse is reouired Cost of equipment lhardware)

5.

No standards or procedures in place
outlining the use of geomatics in
emergencv/disaster mana gement

Communication between
departments/agencies etc.
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explanation that the need for expert knowledge was not identified as a significant

challenge in tl,e academic literature may be that all the articles included in my review

were written by academics or experts with knowledge and experience in geomatics.

Additionally, all of the articles reviewed contained examples where the application of

geomatics was successful. The academic literature includes very few examples or

discussions about serious problems and failures when geomatics is applied to disaster

management.

It is also interesting to note that both groups ranked the need for expert knowledge

higher than organizational, hardware/software, and physical challenges. This was an

interesting and unexpected result; the decision to include this challenge in the survey

instrument was somewhat of an afterthought because it was not specifically addressed in

the literature. Fortunately, it is possible to address this challenge. One suggestion might

be to introduce practitioners to simple, straightforward geomatics applications that offer

benefits and improve their work. This might help to take some of the mystery out of the

technology.

In addition to the challenges, practitioners and educators have also identified

similar hindrances for the use of technology in disaster management. In addition, based

on the results summarize d in Table 18, with the exception of the 'attitudes towards

technology' item, each hindrance could also be classified into one of the challenge

categories (economic, cultural, organizational, hardware/software, and physical).
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Table 8: Factors that hinder the use of'technolow in disaster management
Rank Educators Practitioners

i Lack of knowledge of technology
Lack of knowledge and training in the use
of technolosv

2. Cost Cost

J. Lack of funding for technology
Attitudes of regulators and leaders
towards technolosv

4.
Lack of clearly defined usage
standards

Lack of funding for technology

5.
Unwillingness to adopt
technologv and embrace change

Unwillingness of society and management
to adopt technology and embrace change

The similarities between what both groups' consider to be hindrances indicates

that there is agreement between them and these results do not speak directly to a

disconnect; however, the fact that they both identiff a lack of knowledge of technology

as the most significant hindrance is further justification for the creation of a new

challenge category. Additionally, it is interesting to note that participants raised the issue

of a lack of funding for technology and cost as separate items. Survey participants

def,rned'cost' as the purchase price of an item and a'lack of funding for technology' was

exemplified by a practitioners who indicated that senior management will approve

spending if it is directed towards generators and flashlights but will not approve the

purchase of Emergency Operating Centre (EOC) software.

The results also indicate that opinions on the usage of geomatics and attitudes

towards technology appear to be similar. For example, the Educator Survey results

indicate thatTgo/o of disaster management programs include a GIS component,5So/o

include a GPS component, and 56Yo include an RS component. These numbers are

similar to the number of practitioners who use or have used GIS (73%), GPS (64%o), and

RS (61%). The results inTable I9 also suggest that geomatics is an important part of

both the practice of disaster management and educational programs. Indeed, both groups
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eornatrcs
Statemenf Educators Practitioners
Geomatics use is not common in emergency/disaster
management.i s6% s9%

It is challenging to apply geomatics technologies in
emergency/disaster management but it can be done."

47% 38%

Currently, technology plays an im.porlant role in
emergency/disaster management. "'

Strongly
Asree

Strongly
Agree

All emergency/disaster management programs should
include courses that provide instruction in the use of
GIS, GPS, and RS.iu

Strongly
Agree

All emergency/disaster managers should be educated
in the use of GIS."

Strongly
Agree

All emergency/disaster managers should be educated
in the use of GPS."'

Strongly
Agree

All emergency/disaster managers should be educated
in the use of RS.u" Agree

agree that all practitioners should know how to use geomatics technologies and that it

should be part of the curriculum of all disaster management programs.

Table I9: Attitudes towards

(Zcnt: 196, p>.05)
i. Zu: - I .30; li. Zu : -L45; iii. Zu: -I.7 6;
iv. Responses to question 20 in the Educator Survey were used as a baseline for the
statistical analysis of responses for Practitioner Survey questions 15,27, and 39 (notes v,
vi, and vii in the table above).
v. Ztr : -0.95; vi. Zu: -0.88; vä. Zu: -0.35

A review of the information collected on the way geomatics technologies are used

in practice and the emphasis placed on them in teaching is the best way to uncover a

disconnect between education and practice. The literature review and taxonomy provided

many examples of the use of geomatics in disaster management, the majorify of which

seem to f,rt into the Level I,2 and 3 integration models described in Chapter 4. The

survey results confirm this, and practitioners are using GIS and RS most often for

preparedness planning, decision making during emergency response activities, and for

producing maps for emergency responders. GPS is used for all of those tasks as well as

for allocating/coordinating resources during an emergency response. Furthermore, the
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survey results also indicate that the most significant benefit for the use of these tools is

that GIS and RS provide visualization capabilities. Other benefits are also being rcalized,

including enhanced situational awareness, the ability to manage responders (e.g. can be

deployed as needed), improved navigation and incident plotting, and damage

assessments.

With respect to education and practice, evidence of a disconnect would be that the

priority of educators (i.e. what is being taught to students) is inconsistent with the way in

which the tools are being used in practice. The results in Table 20 show alarge majority

of practitioners (often > 75%) believe that all technologies are very useful in all phases of

the disaster management cycle. Similarly, with the exception of the use of GIS in

recovery activities and GPS for mitigation, the majority of educators (> 60%) place a

high priority on teaching GIS, GPS and RS in disaster management programs.

Table 20: Teachins and use orioritiuse Drtorttrcs

Statement N
Modal
Response

Combined
Resnonsei

When teaching GIS, what priority is placed on each
phase of the disaster management cycle?

Response
Educators Recovery

Mitigation
Preoaredness

24 s ß8%\ s + 4 (63%)
24 3 (33%\ 2.3+ 4(66%\
23 s (s2%\ 5 + 4 (74%\
24 s (s4%\ 5 + 4 (71%\

Please evaluate the use of GIS in each phase of the
disaster management cycle.

Response
Practitioners Recovery

Mitigation
Preoaredness

tr4 s 04%\ 5 + 4 (glyo\
113 s (67%\ 5 + 4 (84%\

109 s (s7%\ 5 + 4 (88%\
rt2 5 (57%\ 5 + 4 (82%\
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Statement N Modal
Response

Combined
Responsei

When teaching GPS technology, what priority is
placed on each phase of the disaster management
cvcle?

Response
Educators Recovery

Mitigation
Preparedness

L7 5 rc5%\ 5 + 4 (82%\
I7 4 (3s%\ 4 + 5 (650/0\

L7 4 (4r%) 4 + 3 (16%\

T7 4 Øt%\ 4 + 5 (65%\

Please evaluate the use of the GPS technology in
each phase of the disaster management cycle.

Response
Practitioners Recovery

Mitigation
Preoaredness

84 s (76%\ 5 + 4 (92%\

8l s rc3%\ 5 + 4 (80%\

80 s (4r%) s + 4 (s9%)
84 s @s%\ 5 + 4 (75%\

When teaching RS technology, what priority is
placed on each phase of the disaster management
cycle?

Response
Educators Recovery

Mitigation
Preoaredness

15 4 (40%\ 4 + 5 (80o/o\

l5 s ß3%\ 5 + 4 (60yo\

t5 s Ø0%\ 5+4rc7%\
t6 s (s0%\ 5+405%\

Please evaluate the use of RS technology in each
phase of the disaster management cycle.

Response
Practitioners Recovery

Mitigation
Preoaredness

72 s rc3%\ 5 + 4 (86%\

69 s rc7%\ 5 + 4 (93yo\

69 s (s4%\ 5+405%\
t-) s (s3%\ s + 4 (84%)

i. The Combined Majority column contains the sum of the responses received in the categories noted.

The disconnect

Based on the answers provided to the scaled questions there seems to be

agreement between these groups. However, this conflicts with the information provided

by participants for the open-ended questions. For instance, the tone taken by practitioners

and the opinions expressed are slightly more pessimistic and indicate a higher level of

frustration with technology. They seem especially troubled by costs, the attitudes of

regulators and leaders, and the unwillingness of management to facilitate change.

Similarly, educators commented that they are finding it increasingly diff,rcult to provide
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instruction in the use of technology because they are unsure about the priorities of

practitioners and are unable to standardize their teaching due to the inconsistent

application of technology in practice (particularly softrruare). One educator summarized

this issue as follows:

In New Zealand there is no clear guidance on what EOC femergency
operating centre] software is used, consequently many agencies are using
different programs that are not interoperable with one another. Equally it
is difficult to teach comprehensive courses in EOC software where there is
not a single program being used by the emergency management sector.

-Anonymous 
Fducator, Question 18, Educator Survey

So although the focus of educational programs is to teach students how to use soffware,

there is no guarantee that the same software will be used in practice.

Educators also highlighted other underlying factors preventing the incorporation

of geomatics technologies into disaster management education. For example, several

educators shared that they are unable to adequately prepare students to use geomatics

technologies due to "the culture of academia," a"lack of knowledge on the part of

faculty," and a general lack of funding. One educator commented that even when there is

funding for a technological initiative, it is too difficult to choose which technology to use,

since some technologies may not be compatible with other systems or provide the desired

results. This delays the process and often a decision is never made.

Additionally, respondents noted that each institution has a unique focus for its

disaster management program and it is difficult to provide future disaster managers with

all the skills they require to enter this profession. However, the following suggestion,

provided by an educator, speaks to the development of collaborative programs:

Each institution has a different orientation to the disaster and emergency
management degree it offers. GIS and remote sensing techniques are
widely used in the field of science and engineering but not in

115



management. Clearly, there is a need for more collaborative programs that
can bring technology, management, and social components together.

-Anonymous 
Educator, Question 18, Educator Survey

This is an excellent idea and would not only introduce students to interdisciplinary work

but would also allow them to gainabroad knowledge base.

At first glance the survey results seem to indicate that there is a difference in

baseline geomatics knowledge between the Educator and Practitioner Survey populations.

Indeed, many participants in the Educator Survey have doctoral degrees, and thus, it

might be expected that they have more expertise and would rank themselves higher on

the geomatics knowledge scale. However, the Mann-'Whitney U test conducted on the

data indicates that there is no significant difference between the groups. Notwithstanding

this, it is interesting to note that only 6 of the 142 respondents from both groups

identif,red themselves as an 'expert,' while the majority of respondents ranked themselves

at, or close to, the 'no knowledge' end of the scale.

Based on the survey results approximat ely 80%of educators indicated that they

strongly agree or agree that GIS, GPS, and RS are critical parts of disaster management

and9lo/o agree or strongly agree that technology will become increasingly important in

the future. When compared to the approximately 600/o of practitioners who agree or

strongly agree that GIS and GPS are critical to disaster management and the 68% who

agree or generally agree that RS is critical, educators seem to somewhat overstate the

criticalness of geomatics. Additionally, comments provided by practitioners seem slightly

more pessimistic and based on the data collected with the open-ended questions,ITo/o

believe that the increased use of technology might not be the best approach to manage

disasters. Practitioners are also more cautious and note that technology is subject to attack
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and outages, increases vulnerability and the things that can go wrong, and widens the gap

befween the have and have-nots. Additionally, practitioners are concerned that the

increased use of technology will lead to an over-reliance on technology and that disaster

managers will lose the ability to do their job or to think without it. Survey results that

indicated there was a difference between the groups are summarized in Table 2I .

'able 2l: Attitudes towards and kno ics technolo
Statement Educators Practitioners
In the future, the use of technology in
emergency/disaster management will become
increasinglv important.'

79Yo Strongly
Agree 

.

s8%
Strongly.Agree

GIS is a crucial component of emergency/disaster
management.ii

59% Strongly
Agree

39%
Stronslv Asree

GPS is a crucial component of emergency/disaster
management.iii

53% Strongly
Asree

3r%
Stronslv Asree

RS is a crucial component of emergency/disaster
management.'u

50% Strongly
Asree

46%o Generally
Asree

Please rate your current knowledge of geomatics
technolosv."

J 2

(Zcnt: 1.96) i.Ztt: -2.07;ü.Zu: -2.00;1ä.Zu: -2.49;iv.Zt¿.: -2.6I;v.Zl: -1.65

The disconnect amongst prøctitioner groups

The answers to the open-ended questions provide the evidence for the existence of

a subtle disconnect between practice, education and software development and these

results also seem to provide evidence of tension amongst different practitioner groups.

The following quotes from two different practitioners reveal this dynamic:

If you do the same old, same old, you will get the same old results.

-Anonymous 
Practiti oner, Question 5 4, P r actitioner Survey

If it fails: Chaos.

-Anonymous 
Practitioner, Question 5, Practitioner Survey

These practitioners seem to be expressing a certain level of frustration regarding the use

of technology. Comments provided in the survey suggest that one group of practitioners

is troubled that organizations do not invest time and money in technology andthat
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administrators and management are not able or willing to see the benefits of technology.

The second group, however, is weary of using technology and worries that practitioners

will become too dependent on it. The concem expressed by this group is that it will fail

with catastrophic results from both a human and economic perspective.

Based on the responses to the open-ended questions there is some evidence that this

tension could be related to a generational gap between respondents. Many respondents,

who seem to be younger practitioners, commented on the unwillingness of older disaster

managers to adapt to the changing times. The generational issue was also touched upon by

educators, who referred to "technophobia" and a "good old boy's network" (Anonymous

Educators, Question 18, Educator Survey). The more senior disaster managers seem to

want to rely on proven methods to do the work and do not want time or money allocated to

learning to use new technologies. They were also concerned that practitioners are

endangering lives and infrastructure by leaming to use technology "on-the-fly."

Based on these comments further investigation of this generational tension was

required and I used the demographic data to establish contingency tables and performed

Chi-Squared tests to compare the responses. However, as demonstrated hTable 22, Table

23,Table 24,Table 25,andTable 26the answers ofbothyoungerandolderpractitioner

groups were similar for questions related to technology, future use of geomatics, current

level of knowledge, the number of geomatics users, or the level of education received.

These results thus suggest that any generational frustration may be limited to a small

number of practitioners.
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Table 22: Continsencv table for ase versus challe
Number of respondents who id-entified that the
use of technology was a stumbling blockf :

Practitioners
44years old or
vounqer

Practitioners
45 years old or
older

Yes 15 z3
No 40 53

14 (x" Crit.: 3.841, df : 1); p : 0.7093

'able 23: Continpencv table Íbr ase versus future use of seomatics
Number of respondents who indicated they
plan to use geomatics in future
emersencv/disaster manaaement activitiesi

Practitioners
44years old or
vounger

Practitioners
45 years old or
older

Yes 39 49
No 15 22

i. A Yes response indicates that a respondent selected at least two of the following challenges from
the list provided in Question 47 onfhe Practitioner survey: expert knowledge is required, don't
know how to use geomatics technologies, geomatics technology is too complex, or technical issues.

yJ : .15 (X' Crit.:3.841; df : 1); p:0.6976
i. Yes and No responses were determined based on responses to Question 46 on the Practitioner
survey: Do you plan to use geomatics technologies in future emergency/disaster management
activities?

i. The responses to Question 43 on the Practitioner Survey (Please rate your current level of
knowledge of geomatics technologies) were grouped into three categories representing low,
average or high levels of geomatics expertise for this analysis because there were insufficient
responses in the expert category to undertake a statistical test.

'able

i. A geomatics user is defined as someone who has used at least fwo geomatics technologies. The
number of Yes responses was determined using the responses to Questions 6, 18, and 30 on the
Practitioner survey (Do you use or have you used GIS/GPS/RS in emergency/disaster
management activities?).

'able 24: Continsencv table for ase versus level knowl'
Number of respondents who indicated they
have the following level of geomatics
knowledse'

Practitioners
44years old or
YOUnqer

Practitioners
45 years,old or
older

I or2 27 34
J 13 18

4or5 6 7

0l Crit. : 5.991, df :2); p :0.9618

Contt table for versus use atics tec rcS

Number of respondents who indicated they
are geomatÍcs users'

Practitioners
44 yezrs old or
vounser

Practitioners 45
years old or
older l

Yes 34 52
No 20 24

42 Crit.:3.841, df : 1); p:0.5169
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'able )6: Contin table versus level of education
Number of respondents who indicated they
have a particular level of'educationr ' ::

Practitioners
44 years old or
vounser

Practitioners 45
years old or
older

Bachelor's desree. Certificate" or Hish School 34 43

Master's degree or Doctoral degree 20 32

7"" 
: .41 ({ Crit.:3.841, df : 1); p:0.5199

i. Number of respondents was determined from the demographic data and education levels were
divided into Bachelor's degree or less and Master's degree and higher.

SurruaRv

The literature review, taxonomy, and web-based survey all provide valuable

information regarding the use of geomatics in disaster management. For instance: 1) a

Level 1 geomatics integration is ideally suited for preparedness activities and geomatics

is commonly used to prepare maps for emergency responders; 2) technology usage seems

to be increasing and although it is difficult to quantiff in terms of lives or infrastructure

saved, the use of geomatics is beneficial because it adds a visual element, improves

situational awareness, facilitates damage assessments and management of resources, and

aids navigation; 3) practitioners want to use geomatics but often the solutions available

are expensive, require expert knowledge to implement and may not be the best solution in

their context; 4) the most significant challenge to overcome is cost, thus any use of

geomatics can't be too expensive; and 5) not all costs are economic, thus, the application

of technology must be beneficial and must not eliminate the human element from

decision making. Survey participants also identi$i a disconnect between practice,

education and software development in that the technological solutions currently

available do not meet the needs of educators or practitioners. Additionally, it seems that it

might be diff,rcult for educators to establish teaching priorities to ensure that future

disaster managers are prepared to use technology in this field.
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7. CASE STUDY: USING GEOMATICS TO PREPARE EMERGENCY PLAN
MAPS

Both the literature review and web-based survey results indicate that not all

disaster management practitioners currently use geomatics technologies. This is possibly

due to the economic challenges and the requirement for expert knowledge. Nonetheless,

based on the benefits identified by participants in the web-based survey, maps produced

using geomatics tools could be extremely useful during the risk andhazard assessment

process. Additionally, geomatics technologies could be used to engage and empower

communities and can contribute to spstainable hazard mitigation efforts. However, it

appears that disaster managers may not be well informed about geomatics and there is a

need for improvements in the ways information is distributed to them.

The following case study emerged while preparing the emergency response plan

maps for the Rural Municipalities (RMs) of Headingley, Cartier and St. Francois Xavier

in Manitoba. I begin by introducing the study area and providing a user proflrle, followed

by explaining the needs analysis that led to the use of a level I integration and remote

sensing tools to prepare the image based maps. This decision-making process is further

analyzed to develop criteria for practitioners to use when selecting the most appropriate

geomatics technologies in specific disaster management scenarios. Since geomatics tools

have the ability to provide information that is critical to risk andhazard assessment it is

important to consider using geomatics within a participatory risk andhazard assessment

process that values local knowledge and increased community participation. Finally, the

case study concludes with an evaluation of the specific project outcomes.
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Bacxcnouno

On June 22,2007, a severe tomado struck the rural town of Elie, Manitoba

(population approximately 550). This tornado was later reported as the first known F5

tornado in Canada (Canadian Press, 2007; Manitoba Community Profiles, n.d.).

Immediately after the tornado passed through the community, the emergency plan was

implemented.5 Fortunately,the implementation of the plan was successful, a ïesponse

operation was undertaken and no injuries or deaths resulted from the tornado. However, a

need for amendments and improvements to the plan was identified. All the important

information was there, but first responders encountered several issues in that some of the

information was not current or easily accessible, and no quick reference maps were

available. As such, the emergency responders were required to rely exclusively on local

knowledge for navigation and situational awareness (N. Tchir, Elie Tornado presentation,

Emergency Coordinator's Workshop, November 7,2007). This was especially a problem

since many outside response workers came to the community to help, and these workers

had limited knowledge of the local context.

As a result of the issues identified with the plan, Norman Tchir, the emergency

coordinator for the RMs of Headingley, Cartier and St. Francois Xavier, undertook a

review, and was responsible for updating the emergency plans for several of Manitoba's

rural municipalities. Within this context, my responsibility to the project was to address

the lack of maps. The f,rnal outcome of my work was a set of maps that became part of

the emergency plan for each RM. These maps were produced using historical aerial

photographs within the context of a level 1 geomatics integration.

' In Manitoba, in order to comply with the Emergency Measures Act, each RM must have an up-to-date
emergency plan that is approved by the Manitoba Emergency Measures Organization (EMO) (Manitoba
EMO, n.d.; Manitoba Laws, 2008)).
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INTBCR¡.TING GEoMATICS INTo EMERGENCY PLANNING

User profile

The study area, maps of which are presented in Appendix I, consists of the RMs

of Headingley, Cartier, and St. Francois Xavier. These RMs are located west of the City

of Winnipeg, along the Trans-Canada Highway and the Assiniboine River, in Manitoba,

Canada (the approximate centre of the study area is 49'54' 00" N, 97o 40' 00" W or

49.9'latitude, -97.67o longitude). The three municipalities contain approximately 833

t<m2 IZOS 840 acres) of primarily agricultural land, but due to their proximity to

Winnipeg, each RM also includes several small communities and towns (Manitoba

Community Profiles, n.d.). Similar to most RMs in Manitoba, the budget for disaster

management and emergency planning is limited and disaster management is given a

lower priority than critical municipal services such as garbage collection, snow clearing,

and the delivery of other municipally funded services (N. Tchir, personal communication,

March 8, 2008). Based on practitioner comments in the web-based survey, this situation

is fairly typical. Also, as expressed by Mr. Tchir, "most of Manitoba's Rural

Municipalities have limited mapping in their emergency plans, but it is something they

are looking to enhance" (N. Tchir, personal interview, November 28,2007). However,

the community decision makers have limited geomatics capacity and limited access to

geospatial data and based on my conversations, it seems that no community in Manitoba

has yet integrated geomatics into the preparation of its emergency plans.

In most jurisdictions in Manitoba, the preparation of the emergency plan is the

resþonsibility of an emergency coordinator who works closely with both the elected

municipal council and the municipal staff. Mr. Tchir is a 'typical' emergency coordinator
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and from a demographical and geomatics knowledge perspective, he can be grouped with

the majority of practitioner respondents to the web-survey. His time is divided between

several municipalities, which also seems common and one survey participant noted that

the emergency coordinator position in their community is staffed on a part-time basis

because the municipal council does not realize the importance of the mandate

(Anonymous Practitioner, Questi on 49, Practitioner Survey).

Needs ønølysis

For this project Mr. Tchir requested a map that could be included in the amended

emergency plans for the RMs of Headingley, Cartier, and St. Francois Xavier. As there is

currently no standard format for emergency plan maps in Manitoba and not every plan

includes amap, the format only needed to suit the specific project and the user needs.

Thus, when Mr. Tchir and I first discussed my involvement in this project and the

production of maps for the emergency plans, several possible geomatics solutions

immediately came to mind. However, while it might have been extremely useful to

develop a GIS database to integrate digital maps of the area with the ability to query

parcel information, I quickly understood that such a solution wouid be inappropriate from

a user perspective. Accordingly, this case shows that before working to implement

geomatics, it is important to undertake a user needs analysis. This needs analysis can be

conducted in two parts. First, it is necessary to determine the geomatics integration level.

Next, one can establish a list of the geomatics tools likely to provide the best results

under the project circumstances.

In this instance, the decision process for determining the ideal geomatics

integration level was straightforward. The geomatics taxonomy indicates that alevel 1 or
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Level 2 integration is best suited for activities within the preparedness phase of the

disaster management cycle. Furthermore, the user had specific map format requirements,

limited geomatics knowledge, a specific use for the map, and limited access to existing

data. Based on these criteria, a Level I geomatics integration was determined to be most

suitable. This decision was based primarily on the user's limited geomatics capacity and

the required map format. Specifically, most of the decision makers (emergency plan

users) have limited experience with GIS, and further to that, the budget allocated for this

project is not sufficient to construct a GIS, nor is any money allocated to fund ongoing

maintenance (N. Tchir, personal communication, September 12,2007). Furthermore, the

maps needed to be accessible to all users, no matter their location. The emergency plans

are traditionally kept in easily transportable binders that decision makers - the Royal

Canadian Mounted Police (RCMP), the RM municipal off,rces, and all municipal

councilors - carry with them (particularly while on vacation or away from a computer) in

order to have access to the information necessary for initiating emergency procedures. As

such, any maps produced for this project needed to be in a format suitable for these

binders (N. Tchir, personal communication, September 12,2007).In addition, the maps

needed to provide the information that decision makers require to make decisions during

all phases of the disaster management cycle.

In this case study, the integration level was based primarily on an analysis of the

user knowledge level and format specifications, taking into account the requirement for

expert knowledge, and the physical and organizational challenges. As such, even though

cost was ranked as the most significant challenge by web-survey respondents, it is not
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necessarily a significant factor in determining the integration level. Rather, cost becomes

more significant when deciding which geomatics tools to use.

The decision about which geomatics tool(s) would provide the best results for the

project was approached in a similar manner. In this particular case study, the decision to

use a Level 1 integration meant that the technology choice was limited to either GPS or

RS. Since the desired project outcome was a set of maps, the best geomatics tool in this

case was RS; specifically, an image map based on either aerial photography or satellite

imagery. A map produced with RS tools is ideal for such a project, since many of the

web-survey participants commented that a view from the sky puts things into perspective

and that often "a picture is worth a thousand words." Related to this, Mr. Tchir requested

that the maps for the RMs' emergency plans should have a pictorial background because

images add a visual component to the plan. He explained that an image showing the

ground features, such as buildings, rivers, roads, trees, and other potentialhazards, would

provide an idea of the best way to access specific areas and would facilitate emergency

planning. For example, first responders must approach an ammonia leak from the up-

wind direction. A pictorial map can be used to determine whether this is possible and the

route that can best support vehicles. This type of information is especially important in a

rural setting because access is often seasonally dependent (N. Tchir, personal interview,

November 28,2007). Additionally, an image-based map can clarify, simplify, and

enhance the written components of each plan and allow for the removal of several

sections of text from the plans. This is desirable because "as soon as something is written

down, there is interpretation required. Maps allow for visualization and it is much easier
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to use a picture or map to explain something" (N. Tchir, personal interview, November

28,2007).

Project outcotne

The objective of this case study is to develop criteria for practitioners to use when

selecting the most appropriate geomatics technologies in specific disaster management

scenarios. However, this project also involved the selection of a specific geomatics tool

to produce emergency plan maps. Indeed, many RS tools can be used to produce

emergency plan maps. For example, historical and new aerial photographs, photographs

from an Unmanned Aerial Vehicle (UAV), satellite imagery from IKONOS, Quickbird,

Spot, LandsatT, and National Oceanic and Atmospheric Administration (NOAA) satellite

sensors all provide images of various levels of detail, and the project area can be viewed

with open-source software such as Google Earth. While all of these options were

evaluated, historical aerial photography was used to produce a set of maps for each of the

three RMs emergency plans. The decision to use historical aerial photography was based

on a more detailed needs analysis within respect to each of the challenges for the use of

geomatics in disaster management. The main reasons for choosing historical photographs

included their extremely low cost (free), the absence of cultural challenges, and the

adequate resolution. The decision-making process, along with a discussion of the

advantages and disadvantages of each of the potential imagery sources, is provided in

Appendix C. A reduced version of the final maps produced for this project is included as

Appendix I.
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I¡,nnCRATING GEoMATICS INTo DISASTER MANAGEMENT

The taxonomy and survey results indicate that geomatics can be used in any phase

of the disaster management cycle. However, without previous experience in geomatics, it

may be difficult to determine the best configuration for a particular project or user.

Fortunately, the manner in which the geomatics integration level and geomatics tools

were chosen for the emergency preparedness case study might provide a basic template

for practitioners. Indeed, the process that was developed while undertaking the user needs

analysis for this project could be used by any emergency manager to determine the most

appropriate integration level and technologies required within any phase of the disaster

management cycle.

Figure I I is a flowchart that lays out the decision-making process used to

determine the geomatics integration level for emergency preparedness. The path taken to

reach the conclusion that a Level I integration was appropriate for the user in this case

study is marked by a heavy black line.

128



Figure I l: Decisionflowchart

V/hich phase of the disaster management cycle is the activity part of?

Response

Will the final product be in digital or hardcopy format?

What is the user's level of geomatics knowledge?

Level 1

Recovely

Both or either

ls there a lequilernent fior data sharing?

Level I or 2

Mitigation

Is base clata available'?

Digitally based
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As previously noted, even though web-survey respondents consider economic

factors to be the most significant challenge for the use of geomatics in disaster

management, economics were not a major factor in this decision. Rather, it seems that

when making a decision regarding the level of geomatics integration, it is more important

to pose questions to ensure that the integration will provide desirable results, be

appropriate for the user's knowledge level, and facilitate the work that needs to be done.

In this case the user was implementing geomatics for the first time and as noted

by many scholars, including Obermeyer and Pinto (2007),successful implementation of

technology requires that it be technically valid, appropriate for the organization, and

effective. Using these guidelines helps to ensure that the technology will be used (which

is the definition of a successful integration for some) and that it will provide benefits. It

must be noted that successful implementation also depends on a number of other factors

such as defined goals, sufficient resource allocation, management support, training,

timelines, flexibility, and communication. However, drawing on the example of this case

study, it seems that selecting a geomatics integration level based on the critical

implementation factors of technical validity, appropriateness, and effectiveness is a key

to a successful technological adoption.

There is no question that implementation of technology costs money. Indeed, for

this case study, the RMs indicated that they wanted to spend as little as possible to obtain

the information required for the emergency plan maps. However, this constraint was only

part of the process in selecting the specific geomatics tool used to collect the information

required and the knowledge that the technological implementation would be appropriate

and provide benefits, provided a rationale for the expense. As highlighted by Obermeyer

130



and Pinto (2007), "what at first appears to be an irrational economic decision is converted

to a rational decision when the crucial factors in the implementation process are taken

into account" (p. 28).

If the decision flowchart used to choose an integration level in the preparedness

phase is based primarily on an analysis of organizational and physical challenges, and the

user's knowledge level, is this true for the other phases? It would appear so, but a

decision flowchart for the other phases would be slightly different, quite possibly more

complex, and likely vary case by case. While, however, each case is unique, some

questions that should be considered in different phases are outlined in Table 27.

Once the integration level is determined, the second part of the decision-making

process regarding the choice of a specific geomatics tool is heavily dependent on the

specific project circumstances. Indeed, any integration higher than level2will involve all

three geomatics tools discussed in this thesis. Notwithstanding this, based on the

preparedness example used for this case study, it is likely that the decision about

'able 2 ions to determine i ion leve other
Phase Possible questions

Response o Is this a multi-agency response effort? Do we want to work at the
intemational, national, or local level?

o Do others on the project team have similar capacity?
o Are electricity and communication infrastructure always avallable?
o Is automated decision makins required?

Recovery o Is the software compatible with the software used by other team
members?

o Are there data sharing arrangements in place?
o 'Who is leading the rescue/recovery operation?
o Is the data for the project area readily available? Is it in a useable

format?
Mitigation o Are simulating and modeling capabilities required?

o Does the data provided by outside sources require further analysis or
quality control checks before beine integrated into the database?
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geomatics tool(s) will be based more on the economic and cultural challenges for using

geomatics in disaster management. (Many remotely sensed image products were

evaluated for this case study; a detailed review is included in Appendix C.) However,

based on the process laid out in this case study, if the integration level decision is made

with consideration to the requirement for expert knowledge, and the organizational and

physical challenges, the specific tools can be evaluated knowing that they will be

appropriate for the project and will provide benefits such as those identified by

practitioners who responded to the web survey. As such, it is important both when

deciding on the integration level and when deciding which geomatics tools are

appropriate, to keep in mind the words of a practitioner in the web survey:

We are in this profession because we care about people. Anything
technology has to offer to help prepare, mitigate, respond or assist in the
recovery in relation to disasters is welcomed. Just don't overwhelm folks
with the dazzle of the high tech tools.

-Anonymous 
Practitioner, Que sti on 5 4, P r actitioner Surv ey

THB usp oF GEoMATICS

A partícípatory geomøtícs rísk ønd høzørd øssessment approach

Disaster management (all four stages) is best achieved by community level
participation. How to best make use of the technology so that it can be

used by communities to manage disaster is a challenge.

-Anonymous 
Educ ator, Que sti o n 29, Educator Survey

Using geomatics tools to prepare emergency plans may only be the first step to

integrating geomatics technologies into the disaster management cycle. For instance, the

educator quoted above and some other academics suggest that disaster management must

involve the use of local knowledge and should be undertaken using a participatory

approach (Mileti, 1999;Pearce,2003). Based on this research, it seems that geomatics
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technology and the development of the type of maps prepared for this project could play

an important role in increasing community input and building community capacity. For

example, Jordan and Shrestha's (1998) research in Nepal demonstrated that the general

public was excited by a photo-type map, possibly because it was more meaningful to

them than a written document, or a traditional survey or sketch map. As such, in the

sections below, I reflect critically on how geomatics might contribute to disaster

management by facilitating the use of local knowledge and providing opportunities to

increase community participation.

Local lrnowledge

There has been much debate regarding the role of citizens in disaster

management, particularly in emergency preparedness and response, amongst practitioners

in the International Association of Emergency Managers (IAEM) discussion group

(IAEM, n.d.). Many practitioners believe that because the average citizen is not trained or

authorized, their involvement should be limited within the disaster management process.

Others are more realistic and recognize that local people have knowledge and access to

information that the practitioners may not have. Indeed, the participation of citizens and

more specifically, local knowledge, is critical to all phases of disaster management.

What is local knowledge?

Local knowledge is information about a speciflrc geographic region that is held by

residents of that region. Most local residents have detailed knowledge of the risks and

hazards affecting their community (Wisner and Luce, 1995). When this knowledge is

used to empower communities it can benefit both the community and disaster

management practitioners (Beilin and Boxelaar,2003).In this instance the definition of

t33



empowerrnent is taken from critical theory to mean a situation in which community

members "participate in the construction of meaning, and create their own practices"

(ibid, p. 7).6 Thus, in order to be empowering, any disaster management actions must

directly involve community members so that they may take control of their lives (Lincoln

and Guba, 2003). Such actions must also work towards improving quality of life, disaster

resiliency, community vitality, and environmental quality, and build equity between men

and women, youths and adults, and people from different classes (Mileti, lggg).Under

these circumstances local knowledge informs expert knowledge, and practitioners must

remember that every resident has something to offer, whether it is information about

hazards, vulnerabilities, or assets, and it is important to integrate this knowledge to

improve disaster management.

An example of the use of local lcnowledge

A simple example of the use of local knowledge was provided by Mr. Kenton

Friesen, the emergency coordinator for the University of Manitoba, during a class lecture

(U of M, Nzu 7320 lecture, March 19,2007). Mr. Friesen presented his approach to

improving emergency planning at the University of Manitoba by incorporating the

knowledge of staff and students into the hazard identif,rcation and response planning

process. To help him plan for hazard,events, he was asking staff and students what they

considered the risks andhazards to be. Mr. Friesen recognized that he was not personally

aware of all the potential hazards (both real and perceived) and that the people who spend

time on campus are a valuable source of information. He believed that incorporating local

knowledge would allow him to do his job better.

ó Critical theory is a social theory, oriented towards critiquing and changing society as a whole.
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I n cr e øs ing c o mm unity p ørti cip atio n wit h g e o m ati c s

Disaster management experts, such as Cutter (2006), Mileti (1999), and Pearce

(2003), are calling for a 'bottoñ üp', people-focused approach that engages communities

in the disaster management process. Based on my research, it appears that geomatics has

the potential to enhance community participation. For example, maps similar to the ones

prepared as part of this research project have been successfully used to provide aenal

views of the land to, and solicit feedback from, local residents during forestry and

resource management participatory mapping projects in Nepal (Jordan and Shrestha,

1998). Indeed, the maps themselves and the use of remote sensing and other geomatics

technologies piqued community interest, and encouraged and facilitated local input. This

increase in community participation suggests that the use of geomatics could help to

mitigate the problem of community indifference towards disaster management

(Marincioni,2007).Indeed, the use of participatory GIS approaches, where community

residents are given the opportunity to communicate with experts through the use of

spatial data, maps, and GIS tools, is also gaining momentum in many fields (Kienberger,

2007). The use of geomatics to engage the public in the disaster management process

could facilitate a movement towards a community-based approach and to shift the

process from the hands of experts and disaster management practitioners to the

communify, thus empowering local people to participate in the emergency plan

preparation process.

Participatory hazard assessment: A geomatics approach

If geomatics can successfully engage community members in the disaster

management process, then it may be beneficial to examine its use within a community-
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based participatory risk andhazard assessment approach. Each emergency plan prepared

in Manitoba contains ahazard and risk analysis component, which is completed using an

all hazards approach in conjunction with the United States Federal Emergency

Management Agency (FEMA) model for risk andhazard assessment (S. Napier, personal

communication, November 7 ,2007). An example of a generic hazard analysis is shown

in Table 2S.Emergency coordinators in Manitoba use this analysis to help develop the

emergency plans. They review each item on the list and assign it a value between 0 and 5

depending on the likelihood of that particular event occurring in the community.
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Table 28: Example of a typical 'Hazard Analysis Worksheet'

Hazard Analysis Worksheet

Rankings of community disaster probability
0 - Not applicable to my community
1 - Not probable
2 -Low probability
3 - Moderate probability
4 - High probability
5 - Nearly certain

Blizzard or Massive Snowstorm 0 I 2 J 4 5

Chemical Contamination or Spill 0 I 2 a
J 4 5

Dam Break 0 I 2 J 4 5

Drousht 0 I 2 -t 4 5

Electrical Power Blackout 0 I 2 J 4 5

Epidemic 0 I 2 a
J 4 5

Flash Flood 0 I 2 3 4 5

Forest or Bush Fire 0 i 2 J 4 5

Freezing Ice Storm 0 I 2 J 4 5

Maior Frost and Freeze 0 2 J 4 5

Maior Gas Main Break 0 I 2 -t 4 5

Maior Hail Storm 0 I 2
ôJ 4 5

Maior Industrial Exnlosion 0 1 2 J 4 5

Maior Water Main Break 0 1 2 J 4 5

Massive Automobile Wreck 0 I 2 J 4 5

Meteorite Fallout 0 I 2 J 4 5

Mud or Landslide 0 I 2 J 4 5

o l Spill 0 I 2 -t 4 5

P peline Exo osl0n 0 I 2 J 4 5

P ane Crash n Communitv 0 1 2
a
J 4 5

Radiation Fa lout 0 1 2 J 4 5

River Flood 0 1 2 J 4 5

Sand/Dust Storm 0 1 2 J 4 5

SARS 0 I 2 J 4 5

Severe Fos Eoisode 0 1 2 a
J 4 5

Smos Eoisode 0 I 2 J 4 5

Sudden'Waste Disoosal Problem 0 i 2 a
-t 4 5

Tornado 0 I 2 aJ 4 5

Water Pollution 0 I 2
a
J 4 5

Water Shortase 0 1 2 J 4 5
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Emergency coordinators use this worksheet to obtain an idea of the risks and

hazards that need to be addressed in each emergency plan. However, it may be beneficial

to also use a map so that visual or spatial components may be incorporated into the

assessment. For instance, the use of a map would provide additional information

important to emergency planning, such as the relative/spatial location of risks and

hazards to people and infrastructure, access/egress route alternatives, and information

about the type of structures potentially affected by hazard events.

Furthermore, if a local knowledge component is integrated into the map, the

emergency plan could better reflect community priorities. For example, maps could

include information known by local residents, such as hazardous chemical storage

facilities, other local hazards, and important community infrastructure for which specific

emergency planning might be required. Additionally, the maps provide an opporfunity for

emergency coordinators to communicate with the public and to visually depict meeting

places or escape routes to community residents in an easy-to-understand format.

Casn sruDY coNCLUSIoNS

The maps we prepared for this project are unique, no other emergency
plan in Manitoba will have maps with this much detail.

-N. Tchir, personal interview, November 28,2007

The level 1 geomatics integration framework adopted for the case study provided

a supportive context for successfully using remote sensing tools to produce a set of photo

maps that have become part of the emergency plans for the RMs of Headingley, Cartier,

and St. Francois Xavier. A copy of the maps that were produced for this project are

included as Appendix I. Due to economic considerations, these maps were prepared using

historical aenal photographs freely available to any disaster management practitioner in
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Manitoba. It is likely that similar imagery could be obtained in other jurisdictions and

used to produce maps for their emergency preparedness plans. Access to aerial

photography and archive satellite imagery is relatively inexpensive and widespread, even

in developing countries. For example, the Government of Canada maintains the National

Air Photo Library, while the provinces of Alberta and Manitoba maintain their own aerial

photography archives, too. Similarly, Jordan and Shrestha (1998) used information from

the country-wide aerial photographs collected by the local Department of Survey in

Nepal to undertake their research.

A level 1 integration and production of the photo-based maps aÍe an appropriate

project outcome in this case and were a good introduction to geomatics tools for all users

involved in this project. They were not overwhelmed by the technology and the

application was appropriate for their skill level. As such, it is likely that they may be

willing to adopt other technologies and build on this example in future projects.

While the use of specific geomatics tools depends heavily on economic and

project circumstances, an appropriate integration level can be determined based primarily

on the requirement for expert knowledge, and physical and organizational challenge

factors. This approach establishes the foundation for a successful technology

implementation.

The research also demonstrates that geomatics can be used as a tool to incorporate

local knowledge into the disaster management process and can engage communities in

emergency planning. Therefore, a geomatics approach provides an opportunity for

practitioners to set priorities for protecting life and infrastructure in a manner consistent

with community priorities and values.
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8. CONCLUSIONS AND RECOMMENDATIONS

The purpose of this research was to explore the use of geomatics in disaster

management. Specif,rcally, I set out to: 1) demonstrate how geomatics is currently used in

disaster management, 2) evaluate the current use of geomatics in disaster management,

and determine whether there is a disconnect between practice, education, and

software/hardware development, 3) develop criteria for determining the most appropriate

geomatics technologies to obtain the information required for disaster management, and

4) outline recommendations for practitioners to incorporate a participatory geomatics risk

andhazard assessment process that values local knowledge and increases community

participation in disaster management. This research was successful and all the objectives

established at the outset were addressed.

CoNcr,usroNs

In Chapter 4, I demonstrated that geomatics is being used in all phases of the

disaster management cycle, and based on examples found in the academic literature I

developed a geomatics-disaster management taxonomy. The taxonomy reveals that lower

level integrations are ideally suited for preparedness activities and there are several

examples of successful use of most integration levels. However, high-level integrations

that would be most beneficial in a multi-agency emergency response are not well

documented. Nonetheless, this taxonomy may enable disaster management practitioners

to identify successful uses of geomatics technology and could serve as a guide for

selecting a technology configuration that matches their requirements, circumstances, and

applications. The taxonomy will be particularly useful to disseminate information to

practitioners. For example, it might allow practitioners who would like to use geomatics
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for the f,rrst time to benefit from the experience of others and quickly learn about

successful geomatics uses.

The web-based surveys designed for this research were useful tools to collect new

information regarding the use of geomatics technologies directly from practitioners and

educators involved in disaster management. Based on the web-suruey results, both

educators and disaster management practitioners have mixed feelings about increasing

the use of technology in this field. For example, survey participants highlighted the many

potential benefits of technology, such as enhancing communication, improving

situational awareness, and helping visualize and understand the full extent of a problem

or situation. However, many respondents also noted that technological solutions are often

expensive, there is a risk that practitioners could become over-dependent on it, it is

subject to outages, and stressed that it could remove the human element from decision

making or reduce face-to-face interactions.

The objective of the web-survey was to evaluate the current use of geomatics, and

determine whether there is a disconnect between practice, education, and

software/hardware development. To accomplish this, the web-survey questions were set

up to address four goals: 1) to determine what educators and disaster management

practitioners know about geomatics technologies, 2) to determine whether disaster

management programs offer instruction in the use of geomatics techlologies; 3) to

determine iflhow geomatics is currently used in disaster management, the benefits for

doing so, and the challenges to implementing it; and 4) to determine the importance of

disaster management to the manufacturers of geomatics technologies.
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The results demonstrate that most educators and practitioners working in the

disaster management field only have limited knowledge of geomatics. However, despite

this, practitioners are still using it and educators are including it in educational programs.

In addition, both groups believe that it should continue to be part of these programs. The

web-survey results also highlight that the use of geomatics is more common than disaster

management practitioners think, which suggests there is a need for improvements in the

ways in which information is distributed to practitioners. It also appears that geomatics is

useful in all phases of the disaster management cycle and there are benefits to using it,

such as improvements in situational awareness, navigation, and visualization capabilities.

Despite this, the results suggest that RS is the least-used technology and practitioners

consider it the least useful of the three technologies even though aerial or satellite photos

that might provide a picture of an area are readily available, often at a nominal cost. The

web-survey results also re-affirm the challenges for the use of geomatics in disaster

management which include economic, or ganizational, cultural, and hardware/software

challenges. However, the web-survey results suggest that even though the economic

challenges are considered to be the most significant, the need for expert knowledge is

hindering the use of geomatics, and other technology, in this field.

The results provide evidence of a disconnect between education, practice, and

software development. Although software developers did not respond to the survey and it

is impossible to determine the importance they place on disaster management, other

participants believe that the technological solutions currently available do not meet the

needs of educators or practitioners. For example, the results indicate that even though they

do not have a high level of knowledge of geomatics practitioners want to use it but often
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the solutions available are too expensive, require expert knowledge to implement, provide

limited data sharing and interoperability, and may not even be the best solution in their

context. Furlhermore, educators find it difficult to keep current with technology and are

unable to determine which software should be used in educational programs. Additionally,

because the use of technology in practice is so variable, it seems difficult for educators to

establish teaching priorities to ensure that future disaster managers are prepared to use

technology in this field.

The case study worked to incorporate the knowledge obtained from the taxonomy

and respondents to the web-survey into an operational emergency plan in a way that met

the needs of the practitioners and the communities involved. The case study provided an

opporhrnity for me to work alongside an emergency coordinator on a 'real-world'

problem and demonstrated that RS and other geomatics techniques can be incorporated

into the emergency plan development process. The project outcome of the case study was

a set of emergency plan maps that became part of the emergency plan for the RMs of

Headingley, Cartier, and St. Francois Xavier.

My work on the emergency plan and the decision making process used to

determine the most appropriate technologies to obtain the information required for

emergency preparedness, enabled me to develop criteria for determining the most

appropriate geomatics technologies to obtain the information required for disaster

management. The work on this project demonstrated that, while the use of specific

geomatics tools depends heavily on economic and project circumstances, an appropriate

geomatics integration level can be selected based primarily on the requirement for expert
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knowledge, and physical and organizational challenge factors. This approach might better

establish the foundation for a successful technology implementation.

This research also uncovered a potential opporhrnity to use geomatics to engage

community members and incorporate public perspectives into disaster management

activities. Indeed, the participatory geomatics risk andhazard assessment approach could

be used to engage citizens in the disaster management process and assist practitioners in

developing plans that reflect community priorities and values.

RnconluaNDATIoNS

Geomatics solutions for disaster management practitioners are available and

practitioners who are using geomatics are realizing the benefits. However, not all

practitioners are well versed or willing to adopt this technology. As such, to encourage

fu*her use, solutions must be tailored specifically to practitioners' needs and developed

from the perspective of practitioners. I recommend that a user-needs assessment be

undertaken before developing solutions to disaster management problems, and it is

important for software developers to be aware that most disaster management

professionals are not geomatics experts who would like a simple tool to interface with the

data they require to make decisions.

A participatory geomatics risk andhazard assessment approach could contribute

to sustainablehazard,mitigation by integrating community perspectives. A potential use

of this approach by practitioners is to display a simple image-based map at a town hall or

emergency planning meeting. Based on results from other professions, it is likely that

using geomatics would excite the communities and could increase community

participation, which in turn would lead to better planning, mitigation, response, and
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recovery. Research into the actual use of a geomatics approach to participatory risk and

hazard assessment would be very interesting and could provide disaster management

practitioners with valuable information.

As the use of technology increases throughout society, those working in disaster

management must work to keep up. Local people with GPS-enabled cell phones and

cameras could be an important asset to emergency managers. As such, it is important for

the disaster management community to embrace the use of technology and to seek input

from others when incorporating technology into their field.

Further study in this areø

Remote data acquisition of all kinds will grow in importance. High-
resolution satellite photography and mapping may be accessible more
widely, as will relatively inexpensive automated low-altitude aerial-
monitoring platforms. The importance of GIS is also likely to grow, but its
technology may also become incorporated relatively invisibly into other
applications. The combination of remote sensing, improved communications
and possibly tracking technologies, may eventually be used more in
complex emergencies to assist with security planning, and provide more
rapid emergency assistance to relief workers.

-Stephenson 
and Anderson, 1997, p. 323

This quote summarizes Stephenson and Anderson's (1991) idea of the fufure of

geomatics technology in disaster management, however, even though the use of

geomatics has increased immensely since the time of their article, there are still

opportunities for investigating further uses in this f,reld. During the course of this

research, I noted several opportunities for research specifically related to geomatics and

disaster management. These include research into the use of GIS and satellite imagery to

build hazard data archives, as well as research that explores how to establish policies and

procedures for the use of geomatics, how to establish a data-sharing methodology or a
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standard data format for easy storage of large quantities of data, and how to develop a

legal framework for the use of spatial data in disaster management.

R¡r'lpcrroNs

Although this research was successful, there are several aspects that I would do

differently if conducting this research again. For example, in each section of the survey,

asked respondents to identiff the countries in which they used each of the geomatics

technologies. These questions did not generate useful information and, based on the

respondents' comments, some participants may have become frustrated by these

questions and exited the survey before finishing. In hindsight, these questions should not

have been included. I also noted that each time participants were asked to select all

applicable items from a long list of choices (e.g. Educator Survey Question 23,

Practitioner Survey Questions 8, 20,32, and 47), the item at the top of the list received

the largest number of responses. This could be a coincidence because the choices placed

at the top of each list are legitimate choices, however, in future survey instruments I

might vary the choice placement.

I was very encouraged by the number of survey participants who indicated that

they were interested in fuither study, and I spent a significant amount of time developing

a follow-up questionnaire designed to provide additional information about the use of

technology in disaster management. However, of the 54 practitioners who expressed

interest, only 2 answered my additional questions and, as such, I was unable to

incorporate the follow-up data into the research results.

In question s 17 ,29, and 4l on the Practitioner Survey, I asked participants to

outline the benefits of using each geomatics technology. The wording of this question
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may have been presumptuous and implied that there are actually only benefits. The

wording choice may have influenced or biased the results. It is feasible that those who

have not experienced benefits skipped this question or felt uncomfortable suggesting that

there are none. Additional attention to the question wording could have resolved this

issue.

Finally, I did not define 'technology.' As pointed out to me by one respondent,

technology could mean anything from the use of a wheel to the development of a GIS

database that incorporates GPS, video, and RS technologies. A specific def,rnition of what

was meant by technology in the context of this research may have been helpful for some

participants.

This research project, and in particular its application to the case study involving

the RMs of Headingley, Cartier, and St. Francois Xavier, was worthwhile and timely in

that it benef,rted the communities involved. The amended emergency plans for the RMs of

Headingley, Cariier, and St. Francois Xavier, which included the maps prepared as part

of the case study portion of this research, were approved in early 2008 by the municipal

council and are now officially part of their emergency plans. Additionally, I spoke with

other emergency coordinators in Manitoba who were interested in the mapping and

geomatics approach taken as part of this project, thus potentially influencing the

development of future emergency plans and emergenÇy planning for all municipalities in

the province.

t41



REFERENCES

Abidin, H., Djaja, R., Darmawan, D., Hadi, S. Akbar,4., Rajiyowiryono, et al. (2001).
Land subsidence of Jakarta (Indonesia) and its geodetic monitoring system.
Natural Hazards, 23,365-387 .

Aitkenhead, M., Lumsdon, P., and Miller, D. (2007). Remote sensing-based neural
network mapping of tsunami damage in Ache, Indonesia. Disasters, 2I(3),2I7-
226.

Aleskerov, F., Iseri Say, 4., Toker, 4., Akin, H., and Altay, G. (2005). A cluster-based
decision support system for estimating earthquake damage and casualties.
D is as ters, 2 9 (3), 25 5 -27 6.

Ambrosius, B., Scharroo, R., Vigny, C., Schrama, E.; and Simons, V/. (2005). The 26
December 2004 Sumatra earthquake and tsunami seen by satellite altimeters and
GPS. In P. van Oosterom, S. Zlatnova, and E. M. Fendel (Eds.), Geo-information
þr disaster management (pp.323-336). Berlin: Springer.

Amnesty International. (2001). Eyes on Darfur. Retrieved June 17, 2007 , from the Eyes
on Darfur web site : htp ://www. eyesondarfur. org/about.html

Badal, J.,Yánquez-Prada, M., and Gonzëlez,Á. IZOOS¡. Preliminary quantitative
assessment of earthquake casualties and damages. Natural Hazards, 34,353-374.

Beilin, R. and Boxelaar, L. (2003). Rethinking action research: Theory and extension
practice. Retrieved on March 19,2007, from The Regional Institute Ltd. web site:
htp ://www.regional. or g.au/ aul apen/ 200 I I r lBeilinR.htm

Benini,4., Conley, C., Shdeed, R., Spurwãy,K., and Yarmoshuk, M. (2003). Integration
of different data bodies for humanitarian decision support: An example from
Mine Action. Dis asters, 2 7(4), 288-304.

Berg, B. (2004). Qualitative research methods for the social sciences (5'h ed.). Boston:
Pearson Education, Inc.

Boes, U. and Stoyneva, D. (2006). GMES in Central and Eastern Europe: Role for private
sector. GIM International, 20(6). Retrieved September 20,2006, from the GIM
Intemational web site: http://www.gim-international.com/

Borri, D. and Cera, M. (2005). An intelligent hybrid agent for medical emergency
vehicles navigation in urban spaces. In P. van Oosterom, S. Zlatnova, and E. M.
Fendel (Eds.), Geo-inþrmationfor disaster management (pp.95I-963). Berlin:
Springer.

Branco, P., Escalada, C., and Santos, R. (2005). Real time 3D environment simulation
applied to the disaster management field: Our experience. In P. van Oosterom, S.

148



Zlatnova, and E. M. Fendel (Eds.), Geo-informationfor disaster management (pp.
425-441). Berlin: Springer.

Cai, G. and MacEachren, A. (2005). Supporting effective human interactions with
geographic information during crisis response. Geomat ic a, 5 9(4), 41 5 -425 .

Canadian Aviation Regulations. (2008). Retrieved January 5, 2008 from the Transport
Canada web site : htp : //www .tc. gc. cal CivilAvi ation/Regs ervlAffairs/cars/PART6/
602.htm#602_41

Canadian Press. (2007, September 18). Manitoba tornado strongest in Canadian history.
Retrieved September 18,2007 from the Globe and Mail web site:
http://www.theglobeandmail.com/servlet/story/RTcAM.20070918.wtornadoO918
/BNStory

Castle, C., and Longley, P. (2005). A GlS-based spatial decision support system for
emergency services: Londonls King's Cross St. Pancras underground station. In
P. van Oosterom, S. Zlatnova, and E. M. Fendel (Eds.), Geo-informationfor
disaster management (pp. 867-88 1). Berlin: Springer.

Chadha, R., Papadopoulos, G., and Karanci, A. (2007). Disasters due to natural hazards.
Natural Hazards, 40, 50ç502.

Chiu, W., Shih, Y., Chi, H., Tsai, W., Amold, J., Hsiung, K., et al. (2002). A survey of
intemational urban search-and-rescue teams following the Ji Ji earthquake.
Disas ters, 2 6(I), 85 -94.

Comfort, L. and Kapucu, N. (2006). Inter-organizational coordination in extreme events:
The World Trade Center attacks, September 11, 2001. Natural Hazards, 39,309-
327.

Corbley, K. (2006). Rapid post-disaster mapping: Airbome remote sensing and Hurricane
Katrina. GIM International, 20(8). Retrieved September 20,2006, from the GIM
Internati onal web s ite : http : //www. gim- internati on al. comJ

Cornélis, B. (2005). Framing spatial decision-making and disaster management in time.
In P. van Oosterom, S. Zlatnova, and E. M. Fendel (Eds.), Geo-informationfor
dis as ter management (pp. 281 -293). Berlin: Springer.

Crawford, S. (2002). Evaluation of web survey data collection systems. Field Methods,
I4(3),307 -32r.

Creswell, J.W. (2003). Research design: Qualitative, quantitative and mixed approaches
(2"d ed.). Thousand Oaks, CA: Sage.

Crisis proves the value of GIS. (2004). Retrieved September 16,2006, from ESRI's
website: http ://www. esri.com/news/arcuse r I 01041 disaster.html

149



Cutter, S. (2006). GlScience, disasters and emergency management. In S. Cutter,
Hazards, vulnerability and environmental justice (pp. 399-a06). Sterling, Va:
Earthscan.

Dal Cin, C., Moens, L., Dierickx, Ph., Bastiû, G., andZech, Y. (2005). An integrated
approach for realtime floodmap forecasting on the Belgian Meuse River. Natural
Hazards, 36,231-256.

Denscombe, M. (2006). Web-based questionnaires and the mode effect: An evaluation
based on completion rates and data contents of near-identical questionnaires
delivered in different modes. Social Science Computer Review, 24(2),246-254.

Diehl, S. and van der Heide, J. (2005). Geo information breaks through sector think. In P.

van Oosterom, S. Zlatnova, and E. M. Fendel (Eds.), Geo-informationfor disaster
management (pp. 85- 1 08). Berlin: Springer.

DigitalGlobe I QuickBird. (n.d.). Retrieved January 6,2008, from the DigitalGlobe web
site : htp ://www.digitalglobe. com/about/quickbird.html

Dillman, D. (2007). Mail and Internet surveys: The tailored design method (2'd ed.).
Hoboken, NJ: John Wiley and Sons, Inc.

Dinter, G. and Schmitt, G. (2001). Three dimensional plate kinematics in Romania.
Natural Hazards, 2 3, 389-406.

Domenikiotis, C., Loukas,4., and Dalezios, N. (2003). The use of NOAA/AVHRR
satellite data for monitoring and assessment of forest fires and floods. Natural
Hazards and Earth System Sciences, 3, ll5-I28.

Dong, P. (2005). Development of a GIS/GPS based emergency response system.
Geomatica, 5 9(4), 427 -433.

Erharuyi, N. and Fairbairn, D. (2005). Task-centred adaptation of geographic information
to support disaster management. In P. van Oosterom, S. Zlatnova, and E. M.
Fendel (Eds.), Geo-informationfor disaster management (pp.997-1008). Berlin:
Springer.

Fernátndez, T., Irigaray, C., El Hamodouni, R., and Chacón, J. (2003). Methodology for
landslide susceptibility mapping by means of a GIS. Application to the
Contraviesa area (Granada, Spain). Natural Hazards, 30,297-308.

Ferrier, N. and Haque, C. (2003). Hazards risk assessment methodology for emergency
managers: A standardized framework for application. Natural Hazards, 28,27I-
290.

Finley, L. and Hartman, D. (2004). Institutional change and resistance: Teacher
preparatory faculty and technology integration. Journal of Technology and
Teacher Education, I 2 (3), 319-337 .

150



Fiorucci, P., Gaetani, F., Minciardi, R., and Trasforini, E. (2005). Natural risk assessment

and decision planning for disaster mitigation. Advances in Geosciences, 2,16L-
165.

Fowler, F. (2002). Survey research methods. (3rd ed.). Thousand Oaks, CA: Sage.

Fricker, R. and Schonlau, M. (2002). Advantages and disadvantages of Internet research
surveys: Evidence from the literature. Field Methods, 14(4),347-367.

Gall, M. (2004). Where to go? Strategic modelling of access to emergency shelters in
Mozambique. Disasters, 28(I), 82-91 .

Gao, J. (2002).Integration of GPS with remote sensing and GIS reality and prospect.
P hoto grammetric Engineering and Remote S ens ing, 6 8(5), 447 -453 .

GeoEye Imagery Products. (2007).IKONOS.Retrieved January 6,2008, from the
GeoEye web site: http://www.geoeye.com/products/imagery/ikonos/default.htm

Geomatics Canada. (2004). About geomatics. Retrieved October 26,2006, from the
Natural Resources Canadaweb site: htç://ess.nrcan.gc.ca/geocan/about_e.php

GIS supports tsunami disaster. (2005). Retrieved September 16,2006, from ESRI's web
site: htp://www.esri.com/news/arcnews/spring05articles/gis-supports.html

Goebell, S. and Wetzel, H. (2006). Contributions to the deformation analysis in Germany
based on precise and continuous GPS measurements. Natural Hazards, 38,I77-
r97.

Greiving, S., Fleischhauer, M., and'Wanczura, S. (2006). Management of naturalhazards
in Europe: The role of spatial planning in selected EU member states. Journal of
Environment al P I anning and Management, 4 9(5), 7 39 -7 57 .

Grimm, L. (1993). Statistical applications þr the behavioral sciences. Toronto, ON: John
Wiley and Sons, Inc.

Gunes, A. and Kovel, J. (2000). Using GIS in emergency management operations.
Journal of Urban Planning and Development, 126(3),136-L49.

Haque, C. (2000). Risk assessment, emergency preparedness and response to hazards:
The case of the 1997 Red River Valley Flood, Canada. Naturol Hazards, 21,225-
245.

Haque, C. and Burton, I. (2005). Adaptation options strategies for hazards and
vulnerability mitigation: An intemational perspective. In C. Haque (Ed.),
Mitigation of natural hazards and disasters: An international perspective (pp.3-
2l). Dordrecht, The Netherlands: Springer.

l5l



Hewitt, K. (1983). The idea of calamity in a technocratic age. In K. Hewitt (Ed,),
Interpretations of calamity: From the viewpoint of huma4 ecology (pp. 3-32).
Boston: Allen and Unwin.

Hien, H., Trung, T., Looijen, W., and Hulsbergen, K. (2005). Flood vulnerability analysis
and mapping in Vietnam. In P. van Oosterom, S. Zlatnova, and E. M. Fendel
(Eds.), Geo-inþrmation for disaster management (pp. 67 -83). Berlin: Springer.

Holledig, L. (2005). The respond project: Geo-information for humanitarian aid. GIM
International, I9(7). Retrieved September 20,2006, from the GIM International
web site : http : //www. gim-international. com/

IAEM Discussion List (n.d.). Retrieved January 19, 2008 from the IAEM Discussion List
website : http ://lists.iaem. com/readl?forum:iaem-list&sb: 1

International Federation of Red Cross and Red Crescent Societies (2005). World disaster
report: Focus on information in dÌsasÍers. London: International Federation of
Red Cross and Red Crescent Societies.

International Strategy for Disaster Reduction (2004). Retrieved July 18, 2008 from the
TINISDR website : htç ://www.unisdr.org I engllibrary/1ib-terminology-
engo/o2lhome.htm

Jacobson, L. (2006). GNSS markets and applications. In E. Kaplan and C. Hegarty
(Eds.), Understanding GPS: Principles and applications (2nd ed.) (pp. 635-661).
Norwood, MA: Artech House, Inc.

Johnson, B. and Onwuegbuzie, A. (2004). Mixed methods research: A research paradigm
whose time has come. Educational Researcher, 33 (7),14-26.

Johnson, R. (2005). A case study in multiagency GIS for managing alarge-scale nafural
disaster. In P. van Oosterom, S. Zlatnova. and E. M. Fendel (Eds.), Geo-
information for dis as ter management (pp. 1 5 5- I 70). Berlin: Springer.

Jordan, G. and Shrestha, B. (1998). Integrating geomatics and participatory lechniques

for community forest management: Case studies from the Yarsh Khola Waterslted,
Dolakha District, Nepal. Kathmandu: International Centre for Integrated
Mountain Development.

Kaiser, R., Spiegel, P., Henderson, 4., and Gerber, M. (2003). The application of
geographic information systems and global positioning systems in humanitarian
emergencies: Lessons learned, programme implications and future research.
D isasters, 2 7 (2), 127 -I40.

Kaplowitz, M., Hadlock, T., and Levine, R. (2004). A comparison of web and mail
survey response rates. Public Opinion Quarterly, 68(I),94-101.

152



Kaftal, F., Eksioglu, T., Eren, K., and Aal, A. (2004). The assessment of high resolution
satellite images and applications in regional and local planning. Paper presented
at the XXth ISPRS Congress in Istanbul, Turkey. Retrieved from the ISPRS web
site: http ://www.isprs.org/istanbul2}}4l commT /

Kassam, K. and Graham, J. (1999). Indigenous knowledge, community participation and
traditional land-use mapping. In R. Delaney, K. Brownlee, and M. Sellick (Eds.),
Social work with rural and northern comtnunities (pp. 192-216). Thunder Bay,
ON: Lakehead University.

Kelly, C. (1999). Simplifying disasters: Developing a model for complex non-linear
events. Australian Journal of Emergency Management. I4(l),25-27 . Retrieved
S eptember 22, 2006, from htç ://www. ema. gov. au

Kelmelis, J., Schwartz,L., Chistian, C., Crawford, M., and King, D. (2006). Use of
geographic information in response to the Sumatra-Andaman earthquake and
Indian Ocean Tsunami of December 26,2004. Photogrammetric Engineering and
Remote Sens ing, 7 2(8), 862-87 6.

Kerle, N. and Oppenheimer, C. (2002). Satellite remote sensing as a tool in lahar disaster
management. Disasters, 2 6(2), 1 40- 1 60.

Kevany, M. (2005). Geo-information for disaster management lessons from 9/11. In P.
van Oosterom, S. Zlatnova, and E. M. Fendel (Eds.), Geo-informationfor disaster
managenxent (pp. 443-464). Berlin: Springer.

Kienberger, S. (2007). Assessing the vulnerability to natural hazards on the
provincial/community level in Mozambique: The contribution of giscence and
remote sensing. Paper presented at the 3'd International Symposium on Geo-
information for Disaster Management in Toronto, Ontario, Canada.

Koohzare, 4., Vaníðek, P., and Santos, M. (2006). Compilation of a map of recent
vertical crustal movements in Eastern Canadausing geographic information
system. Journal of Surveying Engineering, 132(4), 160-167 .

Lam, T., Green, K. and Bordignon, C. (2002). Effects of item grouping and position of
the "Don't Know" option on questionnaire response. Field Methtods, 14(4),4i8-
432.

Laurini, R. and Thompson,D. (1992). Fundamentals of spatial information systems. San
Diego, Ca: Academic Press Limited.

Lazzai, M. and Slavaneschi, P. (1999). Embeddinga geographic information system in a
decision support system for landslidehazard monitoring. Natural Hazards, 20,
185-1 95.

1s3



Lemmens, M. (2005). Helpless Caesars of technology. GIM International, 19 (2).
Retrieved September 20,2006, from the GIM International web site:
htp ://www. gim-international. com/

Lewis, G. (2007). Evaluating the use of a low-cost unmanned aerial vehicle (UAV)
platform in acquiring digital imagery for emergency response. In J. Li, S.

Zlatanova, and A. Fabbri (Eds.), Geomatics solutions for disaster management
(pp. 117-133). Berlin: Springer.

Li, J., Li, Y., and Chapman, M. (2005). High-resolution satellite image sources for
disaster management in urban areas. In P. van Oosterom, S. Zlatnova, and E. M.
Fendel (Eds.), Geo-informationfor disaster management (pp.1055-1070). Berlin:
Springer.

Lincoln, Y. and Guba, E. (2003). Paradigmatic controversies, contradictions, and
emerging confluences. In N. Denzin and Y. Lincoln (Eds.), The landscape of
qualitative research: Theories and issues (pp.253-291). Thousand Oaks, CA:
Sage Publications, Inc.

Lindsay, J. (2005). Getting the numbers: The unacknowledged work in recruiting for
survey research. Field Methods, I 7(l), II9-I28.

Locke, M. (2007a, June 6). Eyes of the world focus on Darfur. The Globe and Mail,p.
A'3.

Locke, M. (2007b). Amnesty using satellites to monitor Darfur. Retrieved June 17, 2007,
from The Globe and Mail web site: htç://www.theglobeandmail.com/
servlet/story/RTcAM. 20070606.wgtsudan0606/BN Story/PersonalTech/

Manitoba Community Profiles. (n.d.). Manitoba Community Profiles. Retrieved
December 8,200J, from the Manitoba Govemment web site:
htç ://www. communityprofiles.mb. ca

Manitoba EMO. (n.d.). Emergency Plans in Manitoba. Retrieved December 8, 2007, from
the Manitoba EMO web site : http ://www. gov.mb. calemo/plans.html

Manitoba Laws (2008). The Emergency Measures Act. Retrieved October 8, 2008, from
the Govemment of Manitoba web site:
htþ: I lw eb2. gov.mb. callaws/statutes/ccsm/eO80e.php

MapMart. (2007). World Satellite Imagery. Retrieved January 6,2008, from the
MapMart web site:
http://www.mapmart.com/scripts/hsrun.exe/Single/MapMart_NeWMapXtreme.ht
x;starFHS_Handler

Marincioni , F . (2007). Information technologies and the sharing of disaster knowledge:
The critical role of professional culture. Disasters, 3 I (4) , 459-47 6.

t54



Meyer, C. (2001). A case in case study methodology. Field Methods, I3(4),329-352.

Mileti, D. (1999). Disasters by design. A reassessment of natural hazards in the United
States. V/ashington, DC: Joseph Henry Press.

Misra, P. and Enge, P. (2006). Global positioning system; Signals, measurement, and
perþrmance (2nd ed.). Lincoln, Massachusetts: Ganga-Jamuna Press.

Moisuc, 8., Davoine, P., Gensel, J., and Martin, H. (2005). Design of spatio-temporal
information systems for natural risk management with an object-based knowledge
representation approach. G e om at ic a, 5 9 (4), 40 I -4I3 .

Mubareka, S., Al Khudhairy, D., Bonn, F., and Aoun, S. (2005). Standardising and
mapping open-source information for crisis regions: The case of post-conflict
Iraq. Dis as ters, 2 9(3), 237 -254.

National Air Photo L1brary. Q007) Aerial Photography in Canada. RetrievedJanuary 7,
2008, from the Natural Resources Canada web site:
http : I I airphoto s. nrcan. gc. calhi st_e. php

NOAA. (n.d.). National Oceanic and Atmospheric Administration - Satellites. Retrieved
January 3, 2008 from the NOAA web site: htp://www.noaa.gov/satellites.html

Neal, D. (1997). Reconsidering the phases of disasters.International Journal of Mass
Emergencies and Disasters, 15(2), 239-264.

Nesbary, D. (2000). Survey research and the world wide weå. Needham Heights,
Massachusetts: Allyn and Bacon.

Nirupama, N. and Simonovic, S. (2006). Increase of flood risk due to urbanisation: A
Canadian example. Natural Hazards, 40,25-4I.

Obermeyer, N. and Pinto, J. (2007) Managing Geographic Information Systems (Second
Edition). New York: Guilford Press

Oelofse, C. (2002). Dimensions of urban environmental risk. In C. Nomdo and E.
Coetzee (Eds.). Urban vulnerabilie). Hemdon: Stylus Publishing LLC.

Oppenheimer, C. (1998). Satellite observations of lava lake activity at Nyiragongo
Volcano, Ex-Zaire, during the Rwandan refugee crisis. Disasters, 22(3),268-28T.

Ott, 8., Wasle, E., Weimann, F., Branco, P., and Nicole, R. (2005). Pedestrian navigation
in difficult environments: Results of the ESA project SHADE. In P. van
Oosterom, S. Zlatnova, and E. M. Fendel (Eds.), Geo-informationfor disaster
monagement (pp. I I 1 3- 1 I 26). Berlin: Springer.

Parker, C. and Stileman, M. (2005). Disaster management: The challenges for a national
geographic information provider. In P. van Oosterom, S. ZIaftov4 and E. M.

155



Fendel (Eds.), Geo-informationfor disaster management (pp. 19l-2T4). Berlin:
Springer.

Pearce, L. (2003). Disaster management and community planning, and public
participation: How to achieve sustainable hazardmitigation. Natural Hazards, 28,
2rr-228.

Perry, R. and Lindell, M. (2003). Preparedness for emergency response: Guidelines for
the emergency planning process. Disasters, 27(4), 336-350.

Pezanowski, S., Tomaszewski, 8., and MacEachren, A. (2007). An open geospatial
standards-enabled Google Earth application to support crisis management. In J.

Li, S. Zlatanova, and A. Fabbri (Eds.), GeomatÌcs solutions for disaster
management (pp. 225 -238). Berlin: Springer

Rees, W. (1990). Physical principles of remote sensing. New York, NY: Cambridge
University Press.

Remondo, J., Gonzáúez-Díez,4., De Terán, J., and Cendrero, A. (2003). Landslide
susceptibility models utilising spatial data analysis techniques. A case study from
the Lower Deba Valley, Guipúzcoa (Spain). Natural Hazards, 30,261-219.

Rodríguez, H., Trainor, J., and Quarantelli, E. (2006). Rising to the challenges of a
catastrophe: The emergent and prosocial behavior following Hurricane Katrina.
The ANNALS of the American Academy of Political and Social Science, 604,82-
l0i.

Sills, S. and Song, C. (2002).Innovations in survey research: An application of web-
based surveys. Social Science Computer Review, 20(I), 22-30.

Sinnott, J. (2007). Disasters quadruple over last 20 years. Retrieved November 28,2007,
from Reuters UK web site:
http ://uk.reuters.com/article/domesticNews/iduKl25 I 84802200 7 I 126

Spot Image. (n.d. a). SICORP -Hazardmanagement and mitigation. Retrieved Jantary 6,
2008, from the Spot Image web site: http://www.spot.com/web/SlCORP/440-
sicorp-hazard-management-and-miti gation.php

Spot Image. (n.d. b). International Charter on Space and Major Disasters. Retrieved
January 6,2008, from the Spot Image web site:
http://www.spotimage .frlweblen/2i5-intemational-charter-on-space-and-major-
disasters.php

SPSS. (n.d.). What does Cronbach's Alpha mean? Retrieved May 8, 2008, from the
UCLA Academic Technology Services website:
htp ://www. ats.ucla. edu/stat/sps s/faqlalpha.html

156



Stephenson, R. and Anderson, P. (1997). Disasters and the information technology
revolution. Dis asters, 2 I (4), 305-334.

Sugimoto, T., Murakami, H., Kozuki, Y., Nishikawa, K., and Shimada, T. (2003). A
human damage prediction method for tsunami disasters incorporating evacuation
activities. Natura.l Hazards, 29, 585-600.

Tancer, B. (2007). Facebook: More popular than porn. Retrieved January 8, 2008 from
the Time Magazine web site:
htp ://www.time. com/time/business/article/0,8599,I 67 85 86,00.html.

The Hear Now Inc. (2006). Govemment. Rekieved November 24,2007, from The Hear

Now Inc. web site : http ://www.thehearnow. com/government.html

Toyos, G., Cole, P., Felpeto, 4., and Martí, J. (2006). A GlS-based methodology for
hazard mapping of small volume pyroclastic density currents. Natural Hazards,

Original Paper.

UAV. (2007). Retrieved January 5,2008, from the Transport Canadaweb site:

htþ ://www .tc.gc.ca/ civilaviatiorVgeneral/recavi/Brochures/uav.htm

USGS. (2001). Landsat Project. Retrieved January 4,2008, from the USGS Landsat
Project web site: htç://landsat.usgs.gov/resources/applications.php

Usul, N. and Turan, B. (2006). Flood forecasting and analysis within the Ulus Basin,

Turkey, using geographic information systems. Natural Hazards, 39,213-229.

vanZúlekom, K., van Maarseveen, M., and van der Doef, M. (2005). A decision support

system for preventive evacuation of people. In P. van Oosterom, S. Zlatnova, and

E. M. Fendel (Eds.), Geo-informationfor disaster mqnagement (pp.229-253).
Berlin: Springer.

Vasardani, M. and Flewelling, D. (2005). Cascading web map servers and GIS web

services for emergency response managem ett. Geomatica, 5 9 (4), 43 5 -444.

Verjee, F. (2005). The application of geomatics in complex humanitarian emergencies.

Joumal of Humanitarian Assistance, September 2005,1-27. Retrieved September

14,2006 from http://www .1ha.acl

von der Dunk, F. (2005). Big brother or eye in the sky? Legal aspects of space-based geo-

information for disaster management. In P. van Oosterom, S. Zlatnova, and E. M.
Fendel (Eds.), Geo-inþrmation for dis aster management (pp. 3 5-50). Berlin:
Springer.

Wachowicz,M. andHunter, G. (2005). Dealing with uncertainty in the real-time
knowledge discovery process. In P. van Oosterom, S. Zlatnova, and E. M. Fendel
(Eds.), Geo-informationfor disaster management (pp.789-797). Berlin: Springer.

ts7



Walker, P. (2003). Cracking the code: The genesis, use and future of the code of conduct.
D is as ters, 2 9(4), 323 -33 6.

Wang, L., Sousa, W., Gong, P., and Biging, G. (2004). Comparison of IKONOS and

QuickBird images for mapping mangrove species on the Caribbean coast of
Panama. Remote Sensing of the Environment, 91,432-440.

Weng, L. (2004).Impact of the number of response categories and anchor labels on
coeff,rcient alpha and test-retest reliability. Field Methods, 64(6),956-972.

Wisner, 8., and Luce, H. (1995). Bridging "expert" and "local" knowledge for counter-
disaster planning in urban South Africa. GeoJournal, 37(3),335-348.

Wu, Y., Miller, H., and Hung, M. (2001). A GlS-based decision support system for
analysis of route choice in congested urban road networks. Journal of Geographic
Systems, 3(T),3-24.

Yarbrough, L. and Easson, G. (2005). Eye of the storm: Google Earth assists Katrina
response and recovery. Geomatica, 59(4), 45I-453.

Yin, R. (2003). Case study research: Design and ntethods (3''d ed.). Thousand Oaks, CA:
Sage.

Yu, F., Chen, C., Chen, T., Hung, F., and Lin, S. (2006). A GIS process for delimitating
areas potentially endangered by debris flow. Natural Hazards, 37,169-189.

Zerger, A. and Vy'ealands, S., (2004). Beyond modeling: Linking models with GIS for
flood risk management. Natural Hazards, 33,I9I-208.

ls8



APPENDIX A: SURVEY RESEARCTI OBJECTIVES AND INSTRUMENTS

4.1 EoucaroR SuRvEy - RESEARCH oBJECTTvES

o With respect to the use of geomatics, is there a disconnect between what is

taught at educational institutions and what is occurring in practice?

o What do instructors at educational institutions with disaster management

programs think about the use of technology in emergency/disaster

management?

. When teaching geomatics, on which phase of the disaster management cycle

do educators focus?

o How many educational institutions offering emergency/disaster management

programs offer instruction in the use of geomatics technologies?

. In which technologies do students attending educational institutions offering

emergency/disaster management programs receive instruction/training?

o Do educators believe their program enables students to become experts in the

use of geomatics technologies?

4.2 PnacurroNpR SuRvBy - RESEARCH oBJECTTvES

o What do emergency/disaster management practitioners think about the use of

technology in emergency/disaster management?

o Is there a disconnect between practice, teaching at educational institutions

offering emergency/disaster management programs, and software developers

with respect to the use of geomatics in emergency/disaster management?
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o In what circumstances is geomatics used for emergency/disaster management?

o Are there benefits to applying geomatics to emergency/disaster management?

o Are the current geomatics products available for use in emergency/disaster

management adequate?

. How many practitioners currently use geomatics?

o Are there practitioners who are interested in the possibility of future study?

A..3 SoTTwARE DEVELoPER Sunvay _ RESEARCH oBJECTIvES

o In which phase(s) of the disaster management cycle can the hardware/software

products be used?

o Are the products currently available 'off-the-shelf adequate for use in

emergency/disaster management?

o What do software developers think about the use of technology in

emergency/disaster management?

o How many manufacturers/developers create hardware/software products that

can be used in emergency/disaster management activities?

o Is there a disconnect between the use of geomatics in practice and the

companies developing these tools?
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4.4 ErucaroR SuRvBy Ir.¡srRulrB¡¡r

Thank you for part¡cipating in the technology in emergency/disaster management education survey. Your
knowledge and opinions are important, and will be used for academic research related to the use of
technology in disaster management.

To receive a copy of the survey results, please e-mail: scott_westlund@umanitoba.ca

1. What level of emergency/d¡saster management courses are offered at your
institution?
(please check all that apply)

l-l Stand-alone certiflcate or díploma

[i Baclrelor's level

flt Master's level

n1 Doctoral level

l-l ott'u. (please spec¡fy)

2. In which country is your institution located?

-

Please consider the fôllowlng statements and select the level of agreement thàt most closefy represènts your op¡nion.

3. Currently, technotogy plays an important role in emergency/d¡saster
management.

Agreement Scale

Agreement Scale

Generallv
Aoree ' Neutral- Agreeocc

Strongly Don't
Dlsagree Knowcc

Strongly
Disagrce

c

4, In the future, the use of technology in emergency/d¡saster management w¡¡l
become increasingly important,

Stmnolv Generallv
AgreeAgree Agreeoooc

Gener¿llv' D¡saoree
Dlsagreeoo

Generallv' Dlsaoree
Di saqreeoo

Strongly
Agree

o
Don't
Know

(J

161



The questions in this sect¡on w¡ll help us determine which technologies are included in the curriculum at
educational inst¡tutions offering courses in emergency/d¡saster managemenf.

5, Do any of the courses offered as part of the emergency/disaster
management program at your institution include instruction on the adoption,
implementation, or application of Geographic rnformation systems (Grs)?

O tu=

()'t"

If you select'No', you will be d¡rected to quest¡on 9.

6. when teaching Geographic rnformation systems (Grs), what priority is placed
on each phase of the disaster management cycle?

No Prlor¡ty 2coO, Ooooo
7. Please rate the level of Grs expertise that graduates gain from your
program.

Rês p on se

Recovery

M itlgatlon

Prepa redness

Expertlse Scale

Agreement Scale

3 4 High Priority Don't Know

C.C: CCCQ,O,Cooococoo

Don't
Know

C,

Strongly
Agree

o

8. GIS is a crucial component of emergency/disaster management.

No Expertise 2 3

CrO,C

General lv
Aoree- Aqree

OO,

4 Experts Don't Know

COr C

Neutrar GenerallY o,."or". tttonnlt
Disagree - Dlsagree

OO'O,O,
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9. Do any of the courses offered as part of thè emergency/disaster
management program at your institution include instruction on the adoption,
implementation, or application of Global Positioning System (GPS) technology?

Ct"
Ot"

If you select'No', you wlll be directed to questíon 13.

10. When teaching Global Positioning System (GPS) technology, what priority is
placed on each phase of the disaster management cycle?

Respon se

Recôvery

Mitigation

Prepa redness

Expertlse Scale

Agreement Scale

No Priority 2ooc

No Expertise 2

Or C

GenerallvAoree ' Neutral- Agreecoo

Hlgh Prlority

O
o
Q.o

4 Experts Don't Knowooo

Don't Know

TJ
o
o

C,ctì,
o

ooco,cc,oco
11. Please rate the level of GPS expertise that graduates gain from your
program,

12. GPS is a crucial component of emergency/disaster management.

o

Don't
Know

o
Strongly
Agree

o
Generally -. Strongly

u rsao reeDlsagree " D¡sagreeooo
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13. Do any of the courses offered as paÊ of the emergency/disaster
management program at your institution include instruction on the adoption,
implementation, or application of Remote Sensing (RS) technology (e.9,, aerial
photographs or satellite images in printed or digital format)?

Q v"'

O*"

If you select 'No', you wlll be d¡rected to question 17.

14. When teaching Remote Sensing (RS) technology, what priority is placed on

each phase of the disaster management cycle?

15. Please rate the level of RS expertise that graduates gain from your
program.

Respon se

Recovery

Mlt¡gatlon

Prepã rednèss

Expertlse Scale

Agreement Scale

c
Co
o

cc
O, Q,ocC, C,

C, CcoO, C

Strongly Don't
D¡sagree Know

O, Q,

Gerrerally
Agree

Q,

Strongly

iq9 ree

o

No Priority 2oo

No Expert¡se 2 3

O, OO

Ag ree

Q

H¡gh Pr¡ority

o
o
o
o

4 Experts Don't Know

O'OO,
16, RS is a crucial component of emergency/disaster management.

G enera Il v
Neutral

u lsa q ree

C, O, O:
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17. Please l¡st any other technologies that are part of your institution's
emergency/disaster management courses.

18. In your opinion, what hinders the use of technology in emergency/disaster
management?

Geomatics is the science .of gathering, analyzing, interpreting, d¡stributing, and using geographic informat¡on
to help understand the earth and our locatlon on it, Geomatics includes the use of the global positioning
system (GPS), geographic information systems (GIS), and remote senslng (RS).

The questions in thls section relate speciflcally to geomatics technologies and are designed to solicit your
opinlon on the use of GPS, GIS, and RS ¡n emergency/disaster management.

19. Please rate your current level of knowledge of geomatics technologies.

Knowledge Scale

No

Knowledge 2

co
Expert Don't Know

ooO¡ O,
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20. All disaster/emergency management programs should include courses that
provide instruction in the use of GIS, GPS, and RS,

Generally 
Neutral Generally o,rro."" t,ror,nlt Don't

Agree D¡sagree ' Dlsaqree Know

OO'Q,O,OOrAgreement Scale

Stronol v

lqree Agree

C, O,

21. Please select the statement that most closely represents your opinion on the
use of geomatics in emergency/disaster management.

Oj Geomatics ¡s w¡dely used ¡n emergency/disaster management

O1 Ceomatlcs use ls not common ln emergency/disaster management

Oi Ceomatis ls currentfy not used in emergency/disaster management

O1 eeomatlcs wlll never be used ¡n emergencyr/dlsaster mänagement

l) oon't know

22. Please select the statement that most closely represents your opinion on the
appl¡cat¡on of geomatics technologies in emergency/disaster management.

Ol ¡a It easy to apÞly geomatics technologies ln emergency/dtsaster management

C * 
'. 

challenglng to apply geomatlcs technologies ln emêrgency/d¡saster management but It can be done

Q: RiOht now, ¡t ls too d¡fficult to apply geômatic technologles ln emergency/d¡saster management

Q t, ,r impossible to apply geomatlcs ¡n emergency/dlsastef management

O; Don't tno*

166



23. Of the following, which do you consider to be the most significant chailenges
for integrating geomatics technologies into emergency/disaster management?
(please check atl that appty)

l-l¡ Communication between departments/aqencies, etc,

l--1, outu quality and accuracy

l-ll Lack of data

f] roo much data avaitabte

l-l¡ unable to acquire data qutckty

l-l Cort of equ¡pment (hardware)

l-1, cost of sonware

l_l1 co.t to collect data

f]1 Teclrnical Issuæ

J-l; ceomatics technology ts roo comptex

l--'1, e*irting software is not adequate for emergency,/d¡saster management

l-l e*irting hardware is not adequate for emergency/d¡saster management

|_l; fxp.rt knowledge is requlred

l-11 r-egat framework for the use of geomatìcs ln emergency/dlsaster management does not exlst

l-l lact of commun¡catíons or other infrastructure (phone, ¡nternet, electricity)

[--'11 l'lo standards or procedures in place óutlin¡ng the use of geomatlcs ¡n emergency/disaster management

l-lr Oon't know how to use geomatlcs technotogles

[i The.u are no beneflts to using geomat¡cs ln emergêncy/dlsaster management

I Otfr.. (ptease specify)

-

24, Of the chaltenges you selected above, please rank the top three chaltenges
(with I as the most s¡gnificant challenge).
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25. Are you interested in participating in future studies? ff so, please provide a
contact email address, (This will not result in unsolicited e-mail. See Privacy
Policy.)

26. In which of these groups is your age?

Q uno"ruo

O'otooo
Q os,o ut

O, oo or otaer

27. What is the highest |evel of education that you have completed?

Ol Htsh schoot

C)1 Stand-atone certlficate or diploma

Q Bachefor's tevel

Q Master's level

Q1 Doctorat tevel

28, Are you male or female?

Q nemate

Ot ¡lur"

29' Please use th¡s space to provide any addit¡onal comments regard¡ng the use
of technology in emergency/disaster management.

To recelve a copy of the results of thls survey, please e-mall; scott westlund@umanitoba,ca
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4.5 PnacrITIoNER SuRvBy InsrRuIrBNr

Thank you for part¡cipating in the technology in emergency/disaster management practitioner survey. your
knowledge and opinions are ¡mportant, and w¡ll be used for academic research related to the use of
technology in disaster management.

To receive a copy of the survey results, please e-mail: scott_westlund@umanitoba.ca

1. At which level do you undertake emergency/disaster management work?
(please check all that appty)

l-f r-ocat (first responder agency)

l-l rocat (êmergency management)

l-11 Provinclal, state, and/or reg¡onat

l-lt Naflonat

fli International

! ruco

|_l, ott'er (please specify)

2. Please identify the country from which you are comp¡et¡ng this survey.

3. Currently, technology plays an important role in emergency/disaster
management,

Stronolv
Ao ree

Agreeoc
4. rn the future, the use of technology in emergency/d¡saster management will
become increasingly important.

Generally
Agree

LJ

-. Generally StronglyNeutrðl ' DlsãoreêDlsagree - Dls¿greeccco

.. Generðllv StronglyNeutral ' Dlsao¡eeDlsaqree - Disagreeocco

Don't
Know

c

Don't
Know

o

Agreement Scàle

Agreement Scale

Stronol v
Aoree

Aqreeco
GeneElly

Agre e

o
5. rn your opinion, what are some of the implications or changes that might
result from increasing the use of technology in emergencyldisaster
management?
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The questions in this section will help us determine which technolog¡es practitioners use while peforming
emergency/disaster management activities.

6. Do you use or have you used Geographic fnformation Systems (GIS) in
emergency/disaster mana gement activities?

Ot"
Ot"

7' Please evaluate the use of Geographic rnformation systems (Grs) in each
phases of the disaster management cycle.

Not Useful

o
fl,
Oro

Respon se

Recovery

M ltlgat¡on

PreÞa redness

o c, o, 
ver' uærur o"ö"*

coooc
OO,Q'OOcooco

8. From the following list, which activities have you undertaken using Geographic
Information Systems (GIS)?
(please check all that apply)

l-l Preparedness Planrrtng

I Simulatton and modeltng

n rroducing vulnerab¡l¡ty maps

! nist mappins

I Evacuation mapp¡ng and plannlng

E Pred¡ctins ¡mpact zoñes

l-l estimattng damases

f. oistriUutinO ¡nformãt¡ôn to the med¡a or pubilc
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Distrlbutinq ¡nformatlotì to vlctims

l-l nttocating/coordinating resources durlng emergency response

l_.l Productng maps for emergency responders

l-l- Dec¡slon maklng dur¡t1g emergency response acilvit¡es

l-l O¡saster recovery plannlng

!. Determtnlng mtt¡gatton needs

l-l ott'". (please spectfy)

r-_-----------l

9' Of the act¡vit¡es you selected above, please rank the top three activities (with
1 as the most common act¡vity)

Please consider the following statements and select the response that most closely reflects your opinion.

10. GIS software that is ava¡lable 'off-the-shelfr' meets all of my
emergency/disaster management needs.

Strongly Generally
AO feeAgree - Agree

OQ'Q,

Stronolv ceneEllv
Ao reeAgree - Agreeoco

GenerallvNeutral ' Disaqree
u rsa gree

O'OO,Agreement Scale

Agreement Scale

Agreement Scale

Strongly Don't
Dlsagree Know

O, O,

11. The GIS software that will meet all of my needs is affordable,
Strongly . GeneÊlly Generally StronglyAqree 'Neutral 'DisaoreeAgree - Agree D¡sagree Dlsagreeoc,oQ,Q,OQ,

Don't
Know

o

Strongly Don't
Dlsðgfee Know

O, C

12. GIS is a crucial component of emergency/disaster management.
Generallv

Neutral ' Disagree
u t5a g reeooo

13, GIS is underused in emergency/disaster management,
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Don't
Know

C,

Don't
Know

o,

Don't
Know

{)l

Genera I I y

Agree

U

Strongly
.Agree

o
Àgree

C,

Neutrar GenerallY Diruo."" sttottglY
D¡sagree - Disagree

O,O,C'O,
14. The use of Grs is critical to the success of the emergency/disaster
management activities I am involved with.

t:t:l-nl' Agree Ge.nerallv 
Neutrar leneral't o¡ruor". sttonnl,

Agree - Agree Disagree DlsagreeocoococAgreement Scale

Agreement Scale

15. All emergency/disaster managers should be educated in the use of Grs.
t:t:l-nlt Agree Generallv N.urrar ::nerullt o,.uo."" st'ongl,
Aqree - Agree D¡sagree DlsãgreeOO,CO,O'OC,

16. rn which countries have you integrated GrS into emergency/disaster
management activities?
(if more than five, please l¡st the five countries in which you have used it the
most).

17. Briefly outline the benefits of using GIS in emergency/disaster management.

*
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18' Do you use or have you used Globat Positioning system (Gps) technology in
emergency/disaster management activities?

O v"'

Oto

19. Please evaluate the use of the Global positioning system (Gps) in each
phases of the disaster management cycle.

Cio
o,c

Res pon se

Recovery

Mitigat¡on

Prepa redness

c c c 
very userur o"ö""

ooocoOC,O,CCcoooo
20' From the following list, which activities have you undertaken using Global
Positioning System (GPS) technology?
(please check all that apply)

l-l nreoaredness Plarìning

[-l s¡.utut¡on and model¡ng

l-l Producing vulnerabtltty maps

l-l nr.t mappins

I fvacuation mapping a¡d ptanning

l-l Predlctlng ¡mpact zones

l-l Êstimattng damages

l-l olrt.lUutrng informatíon to the media or publ¡c

[. oistributino ¡nformatlon to vtctims

ff ellocatinO/coordinatlng resourc6 during emergency response

l-l producing maps for emergency responders

l-l Oecislon maklng during emergency Íesponsè activ¡t¡es

l-l otsaster recovery planning

l-1. Oetermtnlng mltigatlon needs

l-l otner (please specify)
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21. Of the activities you selected above, please rank the top three activities
(with 1 as the most common activity).

Please consider the following statements and select the response that most closely reflects your opinion.

22. GPS equipment that is available 'off-the-shelf,' meets all of my
emergency/disaster management needs.

Stronol v
Aoree

Aqree

OC;
Genera I I vNeutral ' Dlsaoree
Dlsaqree

O, COAgreement Scale

Agreement Scale

Agreement Scale

Agreement Scale

Agreement Scale

Strongly Don't
Dlsðgree Knowo, c,

Gene ral ly
Agree

o
23. The GPS equipment that will meet all of my needs is affordable.

Don't
Know

L)t

Don't
Know

(-/r

Don't
Know

O¡

Don't
Know

c

Genera lly
Agree

O'

Strongly
Agree

o
Agree

C),

_. Generally _- StronglyNeutral ' DIçåorêêDlsågreè " Dlsagree

O, O, C, C,

24. GPS is a crucial component of emergency/disaster management.

25, GPS is underused in emergency/disaster management.

strongly Aoree Generally Neutrar Generallt o'ruo.". tttonnlt
Agree - Aqree Disagree - Disagree

OOC). O, C-C' C,

strongly Aoree Generally Neuh.ar Generallt o,r"o."" tttonglt
Agree - Agree Disagree - Dlsagree

OOOOO,O,O
26. The use of GPS is critical to the success of the emergency/disaster
management activities f am involved with.

Strongly GeneÊlly' AoreeAgree - Agreeocc
-. Generally -- StronglyNêutral ' DlsâdreeD¡sagree ' D¡sagreecooo

174



27, All emergency/disaster managers should be educated in the use of GPS.

Strongly Generally .. Generally Strongly Don'tAcree - Neutral DlsaoreeAgree - Agree Disagree - D¡sãgree Knowoooooooo
28. In which countries have you integrated GPS into emergency/disaster
management activities?
(if more than five, please l¡st the five countries in which you have used it the
most).

29. Briefly outline the benefits of using GPS in emergency/disaster
management.

7.

Q t"'
O*o

3O. Do you use or have you used Remote Sensing (RS) technology (e.9., aerial
photographs or satellite images in digital or printed format) in
emergency/disaster management activities?
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31. Please evaluate the use of Remote Sensing (RS) technology in each phases
of the disaster management cycle.

Respon se

Recovet"y

Mit¡qatlon

Prepa redness

32. From the following list, which act¡vit¡es have you undertaken using Remote
Sensing (RS) technology?
(please check all that apply)

fl ereoaredness Plann¡ng

I Slmulatton and modeltng

l-l Rroducing vulnerâbility maps

l-1. nr.t mappins

fl tvacuatton mapping and plannirrg

f] erealctlno ¡mpact zones

l-l Estlmating damases

f| oistrlouttno lnformation to tlìe medta or publtc

l-l OirtriUutlng infomat¡on to vtctims

l-1. nllocatlng/coordlnat¡ng resources dur¡ng emergency response

l-l rroducing maps for emergency responders

l-1. Decision maklng during emergency response act¡v¡ties

l-l olsaster recovery planntng

! OetermlntnO m¡t¡gatlon needs

n Otf'". (please speclfy)

33. Of the act¡v¡t¡es you selected above, please rank the top three act¡v¡t¡es
(with I as the most common activ¡ty).

Not Usefuf ¿ 3 4 Very Useful Don't Know

Q,OQ;Q,OOcoooco
O,OOiO,OOocoooo
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Please consider the following statements and select the response that most closely reflects your oplnion.

34. The RS products that are available meet all of my emergency/disaster
management needs.

Stronqly Generally -. Generally -. Strongly Don'tAoree ' Neutral DlsaoreeAgree - Agree D¡sagree - D¡sagree Know

QC'O,O,CO,O,O,
35. The RS products that will meet all of my needs are affordable.

Strongly . Generally - Generðlly.. StronglyAoree'Neutr¿l'DisaoreeAgree - Agree Dlsagree - Dlsagreeoocococ,
36. RS is a crucial component of emergency/disaster management.

Stronolv Generallv GenerallvAqree Neutral DisagreeAgree - Agree Disagreeoooooo
37. RS is underused in emergency/disaster management.

Stronolv Generãllv GenerallvAoree 'Neutràl 'Dlsaoree
Agree - Agree Dlsagreecoococ,

38. The use of RS is critical to the success of the emergency/disaster
management activities I am involved with.

Strongly Generally _. Generally _. StronglyAgree Neutral DisagreeAgree - Agree D¡sagree " D¡sagree

OOO,O,O,CO,
39. All emergency/disaster managers should be educated in the use of RS.

Strcngly Generally Generally StronglyAqree ' Neutral DisaoreeAgree - Agree Dlsagree - Dlsagree

OQ,Q,QTQ:OrO,

40. In which countries have you integrated RS into emergency/disaster

Agreement Scale

Agreement. scale

Agreement Scale

Agreement Scale

Agreement Scale

Agreement Scale

Don't
Know

L'r

Stronqly Don't
D¡sagree Knowoc
Strongly Don't
D¡sagree Knowoo

Don't
Know

o:

Don't
Know

o,
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management act¡v¡t¡es?
(if more than five. please list the five countries in which you have used it the
most).

41, Briefly outline the benefits of using RS in emergency/disaster management.

42. Please list any other technologies that you use in emergency/disaster
management activities.

Geomatics is the science of gathering, analyzing, interpreting, d¡str¡buting, and using geographic information
to help understand the earth and our location on it, Geomatlcs includes the use of the global positioning
system (GPS), geographic information systems (GIS), and remote sens¡nS (RS).

The quest¡ons ¡n this section relate specifically to geomatics technologies and are designed to solic¡t your
opinion on the use of GPS, GIS. and RS in emergency/disaster management.
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43. Please rate your current level of knowledge of geomatics technologies.
No

Knowledge

cKnowledge scale

23

oo
4 Expert Don't know

ooo
44. Please select the statement that most closely represents your opinion on the
use of geomatics in emergency/disaster management.

l)1 c"omutic, ls widely used in emergency/disaster management

Oi Ceomatics use is not common in emergency/disaster management

O1 Geomatics ls curently not used ln emergency/dlsaster management

Q, C"oau,i* w¡ll never be used in emergency/dìsaster management

O1 Don't know

45. Please select the statement that most closely represents your op¡n¡on on the
appl¡cat¡on of geomatics technolog¡es ¡n emergency/disaster management.

O ft ir easy to aÞply geomatlcs technologles ¡n emergency/dlsaster management

Q] ft i. challenglng to apply geomatlcs technologis ln emergency/d¡sãster management but lt can be done

Q *'nn, nôw, ¡t ís too difficult to apply geomatics technologies ln emergency/d¡saster management

Q; lt r. ¡mpossible to apply geomatlcs ln emergency/d¡saster m¿nagement

C) oon't know

46. Do you plan to use geomat¡cs technologies ¡n future emergency/disaster
ma na gement act¡v¡t¡es?

C ves

O, 'o
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47. Of the following, which do you consider to be the most signifTcant challenges
for integrating geomatics technologies into emergency/disaster management?
(please check all that apply)

f] Communication between departments/agenc¡es, etc.

l-l¡ outu qual¡ty and accuràcy

f Lack of data

fl roo much data avà¡lable

l-l; Unable to acquire data qulckly

l-l¡ cost of equipment (hardware)

l-l' cott of software

l-l cost to collect data

!1 Teclrnicat lssus

l-11 ceomatiæ technology is too complex

f-11 existing softwàre is not adequate for emergency/disaster management

l-l] e*t.ttno hardware is not adequate for emergency,/disaster mãnagement

[-'L r*O.n knowledgê is required

n¡ legat framework for the use of geomatlcs in emergency/disaster management does not exist

l-l fact of communicatlons or other infrastructure (phone, ¡nternet, electriclty)

I No standards or procedures ¡n place outllning the use of geomat¡cs ¡n emergency/disaster management

l-11 Oon't know how to use geomatlcs technolog¡es

! fn"." are no benef¡ts to us¡ng geomatics ln emergency/disaster management

l--']1 ott'.. (please spec¡fy)

48, Of the challenges you selected above, please rank the top three challenges
(with I as the most s¡gn¡ficant challenge).

49. In your opin¡on, what hinders the use of technology ¡n emergency/d¡saster
management?

1.

2.

3.
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50. Are you interested in participating in future studies? If so, please provide a
contact email address. (This will not result in unsolicited e-mail. See Privacy
Policy.)

t:-------_*_i

51. In which of these groups is your age?

O; uno"':o

Q¡ so,o +c

Or +s to 6s

O; 66 or older

52. What is the highest level of education that you have completed?

O n'nrt t.noo,

O, Stand-alone cert¡ficate or diploma

Q¡ Bachelor's level

Q Master's level

O1 ooctoral level

53. Are you male or female?

O, remale

Qt vare

54. Please use th¡s space to provide any add¡t¡onal comments regarding the use
of technology in emergency/disaster management.

l8l



To recelve a copy of the results of thls survey, Þlease e-mall: scott*westlund@umanitoba.ca
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4.6 Haruwnnn/Sonrw¡.RB DBvsr,opER Sunvsv InsrRuvrnNr

Thank you for participatlng in the technology ín emergency/disaster management survey. Your knowledge
and opinions are important, and will be used for academic research related to the use of technology in
disaster management.

To rece¡ve a copy of the survey resultsr please e-mail: scott_westlund@umanitoba.ca

1. Emergency/disaster management practitioners and organizations are an
important market for us.

2. Currently, technology plays an important role in emergency/disaster
management.

Agreement Scale

Agreement Scale

Agreement Scãle

Strongly - Generally
AOreeAgree - Agree

OOC;

Agrèe

o

Stron gl y
AOree

Agreeoo

- Generally -- stronglyNeutral DlsaoreeD¡sagreê - Dlsagreeoccc
Don't
Know

C;

Strongly Don't
Dlsagree Know

L,T L,J

Genera I I y

D¡sagreè

o
Generál ly

Agreê

tr,

Strongly
Ag ree

o

Don't
Know

\,.¿

Genera I I y

Agree

c

Or

Dlsagree

fl,

3. In the future, the use of technology in emergency/disaster management will
become increasingly important.

. Generallv StronglyNeutral ' D¡saoreeD¡sagree ' Disagreeococ
4, In your opinion, what are some of the implications or changes that might
result from increasing the use of technology in emergency/disaster
management?

183



The questions in this section will help us determine what technologies are designed, manufadured, sold,
and/or d¡str¡buted for use in emergency/disaster management.

5, Does your company des¡gn, manufacturer'sell, andlor distribute Geographic
Information Systems (GIS) technology that could be used in an
emergency/disaster management situat¡on?

O "u'
O, 'o

If you select 'No', you will be directed to question 14.

Respon se

Recovery

M¡tigation

Preparedness

6. Please evaluate the usefulness of the Geographic Information Systems (GIS)
products that you design, manufacture, se¡|, and/or d¡stribute in each phase of
the disaster management cycle.

Notuseful 2 3 4oooC,ooooOOO, C.oooo
7. From the following list, which act¡v¡t¡es can the GIS products that you design,
manufacture, sell, andl or distribute be used in?
(please check all that apply)

l-l¡ Preoaredness Plannlng

l-l simutatton and modellns

n¡ rroducing vulnerab¡l¡ty maps

l-1, nist mapptng

f1 Evacuatton mapping arìd plannlng

l--l eredtcting lmpact zones

l-lr Estimattng damages

J-l' oitt.ibuting lnfomation to tlìe medta or publtc

l-l¡ oitt.lOrtlng lnformatioñ to vlctirns

l-l¡ Allocatlng/coordlnatlng resources dur¡ng emergency response

Very Useful Don't Knowooccoooo.
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Producing maps for emergency responders

I Oecislon maklng dur¡ng emergency response activities

l-l olrurt". recovery planntng

l-l oetermintng m¡tigatíon needs

l-l otn"r (please spec¡fy)

t--*-l

8. Of the act¡v¡ties you selected above, please rank the top three activities (with
1 as the most common act¡v¡ty).

Please consider the following statements and select the response that most closely reflects your opinion.

9. The GIS products you design, manufacture, sell, andl or distribute meet the
needs of all emergency/d¡saster managers,

General

Agree

(-)r

11. GIS is a crucial component of emergency/d¡saster management.
Stronolv Generallv Generâllv

Aoree'Neutral'Dlsaoree
Agree - Agree Dlsagreeoooooo

12. GIS is underused in emergency/disaster management.

Agreement Scale

Agreement Scale

Agreement Scale

Agreement Scale

Stronol v
Aoree

Agree

OO,

Stronol v
Aoree

Agree

OC
Genera I I vNeutral ' Dlsaoree
D isa g ree

O,OO,

D on't
Know

C,

Strongly Don't
olsagree Know

C, C'

Generðlly
Agree

(J,

Strongly Don't
Dlsagree Knewcc

lv cenerallv stronolv' Neutral ' DlsaoreeDisagree - Dlsagree

O, O. O' C,

1O. Your GIS products are affordable.

Stronqly Generally -. Generally _ StronglyAoree Neutral DlsaoreeAgree - Agree Dlsagree - Dlsagree

CC)COOO, O

Don't
Know

{t
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13. All emergency/disaster managers should be educated in the use of GIS.
Stronolv Generallv
Agree Agreeccco

Generally -. Strongly Don't
u I 5AO reeD¡sagree " Dlsagree Knowococ

14. Does your company design, manufacture, sell, andl or distribute Global
Positioning System (GPS) technology that could be used in an
emergency/disaster management situation?

O v.t

C*o

If you select'No', you w¡ll be dlrected to questiôn 23.

15. Please evaluate the usefulness of the Global Positioning System (GPS)
products that you design, manufacture, sell, and/or distribute in each phase of
the disaster management cycie.

Res po n se

Recovery

Mltigation

Prepa redness

16. From the following list, which activities can the GPS products that you
design, manufacture, sell, and,/or distribute be used in?
(please check all that apply)

! Prenaredness Plannlng

! simulation and modefing

I lroducine vulnerabllity maps

l-l nlrt mapptns

fl Evacuatton mapping and plann¡n9

l-l aredlctlno ¡mpact zones

Not Useful 2 3 4 Very Useful Don't Know

O,OO,O,OOocoGoo
CrCO;O,O,Oooccco
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l-] oistriuuttno lnformation to the med¡a or publlc

l-l olstrlouting lnformat¡otì to v¡ctims

fl. Allocàt¡ns/coordlnating resources durlng emergency response

l-l eroducing maps for emergency responders

l-l_ Decislon makfng during emergency response act¡vlt¡es

! oisaster recovery plannlng

ff OelermlnlnO mltigatlon needs

l-l ot¡". (please spec¡fy)

:

t7. Of the activities you selected above, please rank the top three act¡v¡t¡es
(with I as the most common act¡v¡ty).

r. T--]
z. i -------__-l
'

Please conslder the following statements and select the response that most closely reflects your opinion,

18. The GPS products you design, manufacture, sell, and/or distribute meet the
needs of all emergency/d¡saster managers.

Strongly Generally
AOfeeAgree - Agree

OC;C;
. Generally -. strongly Don'tNeutrãl DisaoreeDisagree - Dlsagree Know

O,OO,Q,Q,
19. Your GPS products are affordable,

Agreement Scale

Agreement Scale

Agreement Scale

Stronolv
Aoree

Agree

CQ
Generall vNeutral Dlsaorèe
Disgree

Or O, Or

20. GPS is a crucial component of emergency/d¡saster management.
Genera I I vNeutral Dlsaoree
D¡sagree

Q, OO

Strongly Don't
Disagree Know

Q, C,

Genera l l y

Agree

Q,

Strongly Don't
Disagree Know

O, Q,

General ly
Agree

o
Strongly

Ag ree

o
Ag ree

Q,
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21. GPS is underused in emergency/disaster management,
Stronolv GenerallvAqree l,leutrelAqree - Aqreecooo

Gener¿lly -. Strongly Don't
DtsaoreeDisaqree - D¡saqree Knowcooo

22, All emergency/disaster managers should be educated in the use of GPS.

Generally _- Stronqly Don't
Dlsã oreeDisagree ' Dlsåqrce Krìowoooo

23. Does your company design, manufacture, sell, and/or distribute Remote
Sensing (RS) technology (e,9,, aerial photographs or satellite images in digital
or printed format) that could be used in an emergency/disaster management
situation?

Orv"
Ct"

If yôu select 'No', you wlfl be d¡rected to questlon 32.
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24. Please evaluate the usefulness of the Remote Sensing (RS) products that
you design, manufacture, sell, andlor distribute in each phase of the disaster
management'cycle.

Respon se

Recovery

Mltigàtlon

PreÞa redn ess

25. From the following list, which activities can the RS products that you design,
manufacture, sell, andlor distribute be used in?
(please check all that apply)

! ereoaredness Plann¡ng

l-l simulat¡on and model¡ng

l-l Produc¡ng vulnerability maps

l-l' n¡.t mapp¡ns

I tvacuatlon mapping and planning

l-1. Predlctlng ¡mpact zones

l-l Estlmattng damages

l-l oistrioutlng lnformat¡on to ttìe medla or publ¡c

fl. otstritrutino ¡nformation to vlct¡ms

n ¡llocat¡ng/coordlnat¡ng resourcë durlng emergency response

l-l Producing maps for emergency respondem

l-l oeciston mak¡ng duríng emergency response actlvlt¡es

l-J oisaster recovery planning

f] Oetermining mit¡gat¡on needs

l-1. ot¡u. (please speclfy)

:

26. Of the activities you selected above, please rank the top three act¡vit¡es
(with 1 as the most common act¡v¡ty).

1.

2.

3.

3 4 Very Useful Don't Knowoccooo,ooCOCC-cooo

Not Useful 2ccooccoo
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Please consider the following statements and select the response that most closely reflects your opinion.

27. The RS products you design, manufacture, sell, and/or distribute meet the
needs of all emergency/disaster managers.

Stronolv Generallv
Àoree

Agree - Agreeooo
Neutrat Generaltt o,r"o.". Sttonn't

Dlsaqree - Disagree

C,OOO,
Don't
Know

o,

28. Your RS products are affordable.

Agreement Scale

Agreement Scale

Agreement Scale

Agreement Scale

Agreement Scale

Strongly _ Generally
AOreeAgree - Agreeooo

Genera ll vNeutral Disaoree
Disagreecco

Strongly
D ¡sag re e

L/r

Don't
Know

29. RS is a crucial component of emergency/disaster management.

Generàlly
Agree

O

Strongly
Agree

c

Strongly
Ag rèe

o

Strongly
Agree

ô

Genera I Iv
Aoree ' Neutral- Agreecco

Generally ^. Strongly
u I 5AO reeDlsaqree - Disaqreeo,oc

Don't
Know

c
30. RS is underused in emergency/disaster management.

General lv
Aoree- Aqree

OO
GenêrâllvNeutral ' Dlsãoree
Dlsagreeoco

Strongly Don't
Dlsagree Knowco

31, All emergency/disaster managers should be educated in the use of RS,

_. Generally _. StronglyNeutral D¡saoreeD¡sagree - Disagree

O, O. O' O,

A9 ree

c
Dôn't
Know

o,
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32. From the following list please select any other technologies that you
recommend for use in emergency/disaster management activities.
(please check all that apply)

f[ computer system

f| lur"r measurlng devlce

I crs software

l-l¡ Handheld comÞuter

l-l nrto-ut"o decision software

l-1. c"tlulur or satett¡te phone

I sut"ttitu r-u9".y

l-l¡ raptop computer

l-l' le.iat photography

[1 Dioltal camera

!1 Tooooraohlc maos

[L euo"t maps, field book

!1 GPS recelver

l-l ott'"r (please specify)

r---l
33. Of the technologies you se¡ected above, please rank the three technologies
you recommend most often (with I as the most recommended technology).

_l
1.

2,

3.

l9l



Geomatics is the science of gatheringr analyzing, interpreting, distribut¡ng, and using geographic ¡nformat¡on
to help understand the earth and our locat¡on on it. Geomatics includes the use of the global positioning
system (GPS), geographic information systems (GIS), and remote sens¡nS (RS),

The questions in th¡s sect¡on relate specifically to geomatics technologies and are des¡gned to solicit your
opinion on the use of GPS, GIS, and RS ¡n emergency/disaster management.

34. Please rate your current level of knowledge of geomat¡cs technolog¡es.
No

Knowledge 2 3 4 Expert Don'tKnow

Knowtedse scate O, C O Q, O C

35. Please select the statement that most closely represents your op¡nion on the
use of geomat¡cs in emergency/d¡saster management.

Q; c"o-u,i.. ls wldely used lrì emergency/d¡saster management

O; ceomattcs use is not common in emergency,/dlsaster management

O' Geomattcs ¡s currently not used ln emergency/dlsaster management

O¡ c"omutt.r wlll never be used in emergency/dlsaster management

O¡ Don't know

36. Please select the statement that most closely represents your op¡n¡on on the
appl¡cat¡on of geomat¡cs technolog¡es ¡n emergency/disaster management.

Ol it It easy to apply geomatics technolog¡es in emergency/disaster management

Q¡ ft f r challenging to apply geomatìcs technologies ln emergency/disaster management but it can be done

Qj niotrt now, it is too diff¡cult to apply geomatics technolog¡es in emergency/disaster management

Q] It fr lmpossible to apply geomatlcs ¡n emergency/dlsaster management

Qt Don't know
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37. Ol the following, which do you consider to be the most significant challenges
for integrating geomatics technologies into emergency/disaster management?
(please check all that apply)

l-l Communicatiôn between depârtments/âgênc¡es, etc.

l-1, Data qua¡¡ty and accuracy

l-l ract or aata

nl roo much data available

l-l unaole to acqulre data qulckly

l-11 cost of equipment (hardware)

l-11 co.t of software

l-l¡ cost to collect data

f|ì Teclrnical lssues

l-1, ceomatiæ technology ¡s too complex

l-l txistlnO software is not adequate for emergency/d¡saster management

I e*lrttnO hardware ls not adequãte for emergency/disaster management

l-'l] rrO".t knowledgè ¡s required

l_l f-egat framework for the use of geomatics in emergency/dlsaster management does not exist

I f-acf< of communicat¡ons or other infrastructure (phone, lnternet, electricity)

l--'11 No standards or procedures ¡n place outlining the use of geomatlcs in emergency,/disaster management

l-1, Oon't know how to use geomatlcs technologies

l-1, fner. are no benef¡ts to uslng geomatlcs ln emergency/dlsaster management

l-1, oti'.r (please spectfy)

38. Of the challenges you selected above, please rank the top three challenges
(with 1 as the most s¡gn¡f¡cant challenge),

1.

2.

3.

39. In your op¡n¡on, what hinders the use of technology ¡n emergency/d¡saster
management?

4

Paqe i 1
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40. Are you interested in participating in future studies? If so, please provide a

contact email address. (This will not result in unsolicited e-mail. See Privacy
Policy.)

r_ 

-_--:__::_j41. In which country is your office located?

m
42,ln which of these groups is your age?

O underso

Q; 3o to ++

Q ot,o et

O, oo or otaer

43. What is the highest level of education that you have completed?

Ol nign scnoot

Q; Stand-alone certiflcate or cl¡Ploma

Q Bachelor's level

Q¡ uaster's level

Qt Doctoml level

44. Are you male or female?

Q; o"tu'"

Ol r"lulu

45. Please use th¡s space to provide any add¡t¡onal comments regard¡ng the use
of technology in emergency/d¡saster management.

Paoe 12
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To rece¡ve a copy of the results of thls survey, please e-mail
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APPENDIX B: DETAILED SURVEY DATA FOR SCALED QUESTIONS

8.1 CoruplETE RESULTS FoR TaeLB 2 -EtuctroR SuRvEy

Currently, technology plays an important role ìn

emergency/disaster management.

In the future, the use of technology in emergency/disaster

management will bec ome increasingly important.
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8.2 Coupr,ETE RESULTS FoR TasI,p 2 - PnacrlrroNER SuRv¡y

Currently, technology plays an important role in

ernergency/disaster management.

In the future, the use of technology in emergency/disaster

mana gement will be come increasingþ important.
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8.3 CouplETE RESULTS FoR TABLE 5 - EoucnroR SURVEy

Please ¡ate your current knowledge ofgeomatics technology.

Don't

K¡ow
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8.4 Coupr,ETE RESULTS FoR T¿,er.B 5 -PnacrrrroNER SuRvrv

Please rate your current lcrowledge of geornatics technology.
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Don't

Know

Knowledge of Geornatics

8.5 CoUpIETE RESULTS F.oR TanIB 7 _ EoucaToR SURVEY

--.
All emergency/disaster management programs should incfude

cor¡rses that provide instruction in the use of GIS, GPS, and RS.
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GIS is a crucial corrponent of emergency/disaster management

8.8 CorrplETE RESULTS FoR Tasr.B 8 - Pn¡,curroNER SuRvBy

GIS is underused in emergency/disaster management.
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8.9 Corvrpr,ETE RESULTS FoR Tnsr,B 10 - Eouc¡,ron SuRvBy

Please ¡ate the level ofGIS expertise that graduates gain from

15

l0

5

0

your program.

12

Level of Expertise

Please rate the level ofGPS expertise that graduates gain from

your program.

9

Level of Expertise

Please rate the level ofRS expertise that graduates gain from
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When teaching Geographic Inlomration Systerns, what priorify is

t4

l2

l0
8

6

4

2

0

Prioritv

i - --] t-¡:T:T'----tri:":ï'f @ Mitigation E Prcparedness

When teaching Global Positioning System technology, what
priority is placed on each phase of the disaster management

t2

t0

8

6

4

2

0

cycle? 1l

3 Priority 4 Don't

Know
E Recovery @N Mitigation E Preparedness;

When teaching Remote Sensing technology, what priority is

placed on each phase of the disaster management cycle?
10 I

Priorþ

I Response E Recovery @ Mitþation E Preparedness

o

oa
o

o
I¡
E

z

3333

W

o

o

o
o

-o

z

207



8.12 CovrpLETE RESULTS FoR Taer,B 20 - PnacurIoNER SuRvBy

Use Á
I 5 Don't Know

L" ryïere ql::*oy:ry ø lttigr,l* E P.+r*¿r.*l

Please evaluate the use of the Global Positioning System (GPS) in each phase

70

Ë60
3.so
&, qo

o30
3zo
Éãtoz

0

trþryryg 9[:::::g_@ Mft'e.ti"" tr pj.p.ryftï| 
I

Please evaluate the use of Remote Sensing (RS) technology in each phase of
the disaster management cycle.

4546

100

Ø
880

360

o40
()
-o
Ê20
z

0

5 a0:
o.
Ø

& ¡o'
(*
?20-,
c)

-oE r0:

tz18l
0 o 1010o6

z 0:
I ooo I 922

Use
2 DorJt Know

i IResponse ERecovery @Mitigation q P-ryryIg9ïrl

Please evaluate the use of Geographic Information Systems (GIS) in each

phase of the disaster management cycle.

-11-136 ó_

of the disaster management cycle.

208



8.13 OIUBR TECHNoLoGTES

Survey respondents identified the other technologies used in disaster management as

follows:

Other technologies

Rank Educators Practitioners

I
Specialized computer software
ICAMEO. HAZUS. EOC woe)

Communication technologies

2. Communication technoloeies Soecialized comouter software
aJ. lnformation technolosies Information technolo sies
4. Monitorine equioment Notification svstems
5. Low tech devices
6. Monitorine equioment
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APPENDIX C: SELECTING A REMOTE SENSING TOOL TO PREPARE
EMERGENCY PLAN MAPS

This appendix supplements the case study and describes the process used to

review and select a remote sensing image source for the production of the emergency

plan maps. The list of potential image sources for this project was selected based on the

academic literature, which indicates they have been used successfully in other disaster-

management-related applications. The potential imagery sources include new and

historical aerial photographs, photographs from an Unmanned Aerial Vehicle (UAV),

satellite imagery from IKONOS, Quickbird, Spot, Landsat 7, and National Oceanic and

Atmospheric Administration (NOAA) satellite sensors, and open-source imagery from

Google Earth.

C.l EvaluaTroN cRrrERrA

Prior to evaluating each imagery source, it is important to outline the evaluation

critena, base assumptions, and other factors that influenced the evaluation. For this

project each image source was evaluated based on its ability to provide sufficient

coverage for the entire project area. However, because the study area is very large it can

not be covered in a single image and it is assumed that the amount of processing and data

manipulation required to produce the final maps of the entire project area will not vary

greatly from one image source to another. Additionally, in all cases $600 should be added

to the costs provided in Table -11. This cost will cover the printing of the maps stored at

the EOC and the maps included in the binders. The assumptions and other factors

described in the sections below also apply to the imagery source identified.
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Historical Aerial Photography

To use historical aenal photography to produce the maps, sufficient historical

imagery for the entire study area must be available from the archive files stored at the

regional or provincial government office. Once located the images must be such that they

can be stitched together into an overall map and manipulated as required.

New Aerial Photography

To obtain new aerial photography for the study area, a flight will have to be

planned and executed. The evaluation is based on the assumption that a firm that supplies

aerial photography services can be contracted to assist with the project and they will

obtain the approvals necessary to conduct the flight, fly the study area, collect and

process the imagery, and provide a map of the entire study area in a format that can be

further manipulated.

UAV Photography

Similar to the aerial photographic option, new imagery collected with a UAV will

have to be collected for the sludy area to complete the project. Indeed, my initial thesis

proposal included completing a UAV flight in Elie to collect updated images for the area.

However, it was not possible to locate anorganization with a UAV willing to collaborate

on or undertake this project. The reasons for their unwillingness to participate included

their inability to obtain adequate liability insurance and the fact that they did not believe

Transport Canada would grant permission to conduct a flight in this area due to its

proximity to urban development and the Trans-C anadaHighway. However, prior to

abandoning this component of the research, I also investigated the possibility of renting a

UAV and conducting the flight myself; however the issues mentioned above proved to be
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insurmountable. The scores and information provided in the evaluation of the UAV

reflect the problems encountered while attempting to arrange a UAV flight in Elie.

Open-source data providers

It seems that many practitioners are turning to open source software and data

providers to seek solutions to disaster management problems. Using open source software

such as Google Earth, requires purchasing a software license and the professional

version. For this project, the assumptions surrounding the use of Google Earth Pro

include that the imagery can be manipulate as required and maps can be printed directly

from the software.

Satellite imagery

Similar to the historical aerial photography option, the major assumption

surrounding the use of satellite imagery is that sufficient imagery is available from a

satellite data provider to map the entire study area and that images can be stitched

together to cover the entire project area. Additionally, the cost of imagery is based on the

type of sensor as well as the resolution that can be achieved by the sensor. QuickBird,

SPOT, and IKONOS satellite imagery is available in various resolutions and this analysis

is based on obtaining the best available imagery for each sensor.

In order to choose the best imagery for this project, I developed a scoring system

to address the ability of each source to meet the challenges for the use of geomatics in

disaster management. The scoring criteria were established from the perspective of

disaster management practitioners and were such that the challenges and concerns raised

by technology users would be addressed in the selection of an imagery source. The

scoring categories incorporated both quantitative and subjective criteria, and included
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cost, resolution, availability, quality, and format, and the requirement for expert

knowledge. At the end of the analysis the image source with the highest total score would

be used to produce the maps. A detailed description of the criteria is outlined in the

sections below, along with a summary of the evaluation criteria in Table 29. Scores in

each category range from 0 to 5, with a maximum total score of 30. The results of the

analysis for each image source, broken down by category, are providedinTable 30.

Economic challenges

Based on the academic literature and the results from the web-based survey,

economic challenges are the most significant barrier to the use of geomatics in disaster

management. For this project, economic challenges related specifically to the cost to

acquire the imagery. Accordingly, cost estimates to obtain sufficient imagery to map the

entire study area was obtained for each image source. The acfual cost estimates, based on

the information provided by data suppliers, are listed in Table 3I and reflect the costs that

will be incurred by a disaster management practitioner operating in this study area.

Organizational chal lenges

The organi zational challenges included the logistics of data acquisition , data

quality, and data sharing. This broad category encompassed a mix of numerical and

qualitative criteria. As such, scores in the organizational category were broken up into

two parts to ensure that one of the most important factors for selecting imagery, the

resolution, was given adequate consideration.

Image resolution in a satellite imagery or aerial photographic context refers to the

size of the smallest object that can be detected in an image (Rees, 1990). For example, in

a high-resolution 0.6 m image, features that are 0.6 m2 in size will be represented by 1
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pixel. Similarly, in a low-resolution 10 m image each pixel will cover 10 m2 on the

ground and objects smaller than 10 m2 will not be visible. In order for an image-based

map to be useful for emergency planning and response, the on-the-ground details such as

buildings, roads, and other infrastructure must be clearly visible; thus, low-resolution

images (10 m, 1 km) are not appropriate for use in this situation (see Appendix D for a

sample of a 10 m resolution image). Indeed, the image resolution required for this

application must be better than 3 m in order to produce a useful map. This threshold is

somewhat subjective but the 2.4 m resolution QuickBird image provided by the

Govemment of Manitoba (included as Appendix E) demonstrates the resolution at which

features such as roads, houses, sheds, and utility infrastructure aÍe clear and easily

identified with the naked eye when printed on a standard size page.

Although obtaining an image with an appropriate resolution was critical, other

organizational criteria were also extremely important. Due to the more qualitative nafure

of these considerations the scores in this category were assigned subjectively and were

based on the ability of the image source to address the five questions listed in Table 29.

Each image source was awarded a score between 0 and 1 for each question, with a

maximum score of 5 awarded in this category.

The requirement for expert knowledge

Results from the web-based survey indicated that practitioners consider the need

for expert knowledge to be a significant challenge for the use of geomatics. As such, the

criteria for the scores assigned in this category related to the age of the imagery. the

availability, the ease with which it could be obtained, and whether it is consistent
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throughout the study area. These items were posed as questions and each image source

was assigned a score between 0 and 2.5 based on how well each question was addressed.

Hardware and sofnuare challenges

Hardware and software challenges included the availability of communications

infrastructure, data storage capacity, and computer-user interfaces. For this project most

of the data were obtained from outside sources. As such, the hardware and software

challenges were minimized. For example, new aerial photography or satellite image data

ordered directly from a data provider was delivered in a useable format and no further

manipulation with specialized software was required. The score in this category was

based on the ease with which imagery can be obtained and used.

Cultural challenges

Cultural challenges are exemplified by legal, privacy, and security concerns. For

this particular project the cultural challenges include the logistical, administrative, and

legislative issues for collecting data. For example, Canada has strict legislation in place

governing UAV use and there are also logistical considerations for collecting new aerial

photography; however, there appear to be no restrictions on the use of satellite data.

Additionally, to legally use Google Earth for commercial purposes, a professional license

is necessary. The scores in this category reflect the degree of potential logistical or

cultural problems that might arise for the collection and use of the imagery.
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e ¿y: ,6as US eac ource
Challenge Scoring criteria
Economic Costs were ranked from least to most expensive, in which the least

expensive imagery was given a score of 5, while the others were
assigned a decreasing score based on the ranking. A score of 0 was
assisned to the most exoensive imaserv.

Resolution The image resolutions were ranked from highest to lowest. The image
source that provides imagery with the best resolution was assigned a

score of 5 and the image with the second best resolution was assigned
a score of 4, and so on. A score of 0 was assigned to images with
resolutions above the threshold.

Organizational A score between 0 and 1 was assigned based on the answers to each

of the following questions (with a maximum score of 5 in this
category):

- How old is the imagery?
- Is imagery available for the entire study area?
- Is the imagery readily available?
- Is the imagery easy to obtain?
- Is the imagery consistent throughout the study area (season,

resolution. ase)?
Expert
knowledge

A score between 0 and 2.5 was assigned based on the answers to each

of the following questions (with a maximum score of 5 in this
category):

- If this imagery is used, is expert knowledge required to produce
or use the final map?

- Does the data need to be manipulated to produce the final
product?

Hardware/
software

A score ranging from 5 (requires no specialized software) to 0
(requires highly specialized software) was given in this category
based on the answer to the following question:

- Is specialized software required to use this imaserv?
Cultural A score of 5 was awarded if there seemed to be limited problems

associated with the use of the imagery. A score of 0 in this category
indicates that it was extremely difficult to obtain the approvals
necessary to obtain imasery usine this tool.

Ev a lu at i o n cr it er i a sumnxaty

The following table summarizes the criteria used to evaluate each image source.

Table 29: Basic criteria used to evaluate each i

Producing the møps

The maps for this project were produced using Arc Explorer and AutoCAD. Some

experience with these software packages is required in order to manipulate the data and
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print the final maps. However, the final maps can be delivered in PDF format so that they

can be easily viewed and printed by any user. To produce the maps, the imagery data was

stitched into a map of the entire project area. However, because the study area was large,

it was impossible to format this map to fit into a binder, thus making it necessary to

divide the overall map into 11 smaller regions. As such, each map was prepared at a scale

of l:20,000 or 1:10,000 to ensure that all ground details important for emergency

preparedness were visible to the naked eye in the full size version (24 in. x 36 in.). The

scale was such that these maps could also be reduced (11 in. x 17 in.) and still be useable.

Taking the historical out of historical data

Due to the costs associated with obtaining new data this project also investigated

the use of historical and archive imagery. The disadvantage of using archive imagery is

that it can be out-of-date. However, this issue can be resolved by enhancing the imagery

with data layers provided by other sources. For instance, for this particular project area,

information layers such as a current legal property line mapping layer, were available

from the Government of Manitoba. This datalayer was built using registered legal survey

plans (based on the metadata that accompanied this layer, it was up-to-date as of mid-

2007) and was overlaid on the imagery to 'update' it.

C.2 Resulrs

Based on the project criteria, the assumptions made, and the analysis method

used, aerial photography was the best image source for this project. Furthermore, due to

its extremely low cost (free), the absence of cultural challenges, and the adequate

resolution, historical aerial photographs provided the best option for producing the maps

and satisfuing the project objectives. However, based on the total scores and specific
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characteristics listed in Table 30 and Table 31, it appears that new aerial photographs,

IKONOS satellite data, or Google Earth are image sources that could also potentially be

used to achieve the project objectives. The results of the analysis for each image source

are provided in the sections following the summary table.

Unmanned Aerial Vehicle (UAV)

Based on the analysis criteria described, the UAV achieved atotal score of 13.1.

The current regulations surrounding UAV use made it the least appropriate image source

for this project. However, the UAV was an interesting option to investigate and may have

future potential for this type of application.

In his recent article and conference presentation, Lewis (2007) presented the new

generation of civilian UAVs as inexpensive and easy to use. As such, it seemed that the

UAV provided a data collection tool with unlimited potential for this type of project.

bl,'able 30: Summarv of scores in each cat UT
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lndeed, the irnage quality and resolution (sub-metre) that can be achieved using this tool

are excellent (hence a score of 5 in the resolution category); however, the current

legislative and logistical issues make it impractical to use a civilian UAV to collect image

data (hence a score of 0 in the cultural challenge category, and a low score in the

or ganizational chal lenge c ate gory).

As of early 2008, it appears that civilian UAV technology is far ahead of the

legislation governing its use. In Canada, UAV flights must be undertaken in accordance

with the rules and regulations set out by Transport Canada. Section 602.4I - Part VI of

the Canadian Aviation Regulations, mandate that UAVs must be operated in accordance

with a Special Flight Operations Certificate (SFOC) (Canadian Aviation Regulations,

2008). The SFOC is required to ensure the safety of both the public and other airspace

users (UAV,2007). The SFOC application process is onerous. Users must provide

specific details about the planned flight, a safety, security and emergency plan,

equipment specifications, the exact flight path and altitude, flight times and dates,

emergency contact information, pilot credentials, and any other information that may be

requested by the Minister. Furthermore, Transport Canada requires that an application

package be submitted at least 20 working days prior to a flight, to ensure that they are

able to review and approve the application before issuing the SFOC. For preparedness

use, when time is not of the essence and the areato be investigated is known in advance,

the approval time and SFOC application requirements are a challenge but not

insurmountable. Additionally, in some instances and jurisdictions it may be possible that

first responders or other organizations (e.9. a fire commissioner) could ovemrle the

authority of Transpo rt Canadaand deploy a UAV without prior approval. However, as
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written, the current requirements for the use of a UAV seem to severely limit the

potential of this tool for emergency response operations.

The Transport Canada regulations also limit the altitude at which a UAV can fly,

so that it remains within the operator's visual range at all times (Lewis, 2007). The

maximum flight height requirement had t'wo significant impacts on this project. First, the

lower flight height allows for higher resolution and more detailed imagery; however,

more photos are required to ensure fulI coverage of the project area. Atmaximum

altitude, the UAV collects approximately 19 images per 1 km2 (G. Lewis, personal

communication, November 6,2007). Thus, to map the entire study area, approximately

16,000 images would be required. Handling this many images would prove difficult from

a logistical, camera, and computer memory perspective, as well as an image processing

perspective. Second, it seems almost impossible to quickly fly an area this large while

keeping the UAV in visual range at all times. Resolving these issues would increase the

costs associated with the use of this tool, making it prohibitively expensive.

As an emerging technology, UAVs seem safe and no major accidents have been

reported; however, there is potential that they could cause properly damage or injury.

While the same is true for all aircraft, from an insurance perspective UAVs are

considered to be a unique technology and are not classified within the same category as

convention aircraft. This is primarily because they are unmanned, and although they are

flown from the ground, there is no pilot on-board to take the controls and crash the UAV

in a more desirable location or to manually avert a mid-air collision (Anonymous

Transport Canada employee, personal communication, October 17,2007). As such, the

rules and guidelines surrounding appropriate liability insurance coverage have not been
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defined. Additionally, because the UAV user community is very small, the cost to obtain

sufficient liability insurance is extrernely high: annual premiums are expected to be more

than $100,000 and it is difficult to find an insurance company willing to underwrite its

use (Anonymous agent with The Co-operators insurance company, personal

communication, September 25, 2007).

Accordingly, there are many legislative and logistical issues to be addressed

before the UAV will be practical for use in any phase of the disaster management cycle.

However, if it becomes possible to use UAV technology, it will provide several

advantages. For example, the image resolution is far superior to any of the other imagery

investigated, the price over a small area is quite low, a UAV is mobile and can take off

and land without a nrnway, and images can be made available mere hours after a flight

(Lewis, 2007).If permission to use a UAV could be easily obtained, it would be an ideal

way to collect up-to-date imagery to fill in small data gaps, or as a way to supplement

existing imagery. Further investigation into the use of UAV technology is required and

there is a need to address the legislation currently restricting its use.

National Oceanic and Atmospheric Administration (NOAA) satellite data

NOAA images are often used to track, identiff and monitor weather-related

phenomena, such as tropical storms, rainfall, and Arctic ice. Imagery is readily available,

free of charge, on the Internet from weather=related organizations such as Environment

Canada. Indeed, whenever pictures depicting hurricanes, cyclones, or large weather-

related events appear on television or the web, they are provided by NOAA satellites

(NOAA, n.d.).
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The use of NOAA satellite imagery was investigated for this project because of its

widespread use, low cost, and availability. However, with a total score of 19, NOAA

satellite images were not deemed appropriate for use in this project. They are low

resolution (1000 m pixel size) images, which makes it impossible to identify specific

ground features or determine accurate positions (hence a score of 0 in the resolution

category). For example, when NOAA satellite imagery was used to detect hot spots

associated with wildfires or volcanic eruptions, the image resolution limited the ability to

pinpoint the actual hot spot location (Oppenheimer, 1998). Indeed, an overall score of 19

for NOAA imagery seems too high and it is likely that the score was artificially inflated

due to its low cost, availability, and the lack of cultural challenges associated with its use.

A review of the NOAA image was important because it helped to establish and confirm

the threshold resolution value previously determined. A sample NOAA image of

Manitoba, dated July 19, 2007, was provided by the Government of Manitoba and is

included as Appendix F.

Landsat 7

Landsat 7 provides medium-resolution satellite imagery that, according to the

USGS Landsat Project website, supports "global change research, agriculture, forestry,

geology, resource management, geography, mapping, water quality, and oceanography"

(USGS, 2007). Landsat 7 imagery is useful in understanding development patterns and it

has been used successfully in other disaster management applications. Archive Landsat

imagery is available free of charge or at a minimal cost over the Internet and the 30 m

resolution makes it possible to distinguish between urban, grassy, and wooded areas, as

was successfully done in research by Nirupama and Simonovic (2006). However, this
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resolution is not appropriate for the RMs involved in this research because the ground

details important for emergency planning are not visible. A sample 30 m resolution image

provided by the Government of Manitoba is included in Appendix G. Elie, the

community that experienced the tornado, is in the centre of the frame.

QuickBird

QuickBird imagery is the highest resolution satellite imagery (0.6 m) currently

available to commercial users (DigitalGlobe, n.d.). Although the image resolution is

excellent and the image source achieved a total score of 20, QuickBird was not selected

as the most appropriate image source for this project, nor was it found to be the best

satellite imagery alternative. Indeed, the findings of this analysis both support and

contradict the findings of Wang et al. (2004), who compared the use of IKONOS and

QuickBird images for classiffing mangrove species in Panama. Similar to their study, I

determined that, from a visual perspective, both products are appropriate for use in this

context; however, my f,rndings differed from theirs with respect to the cost of obtaining

the imagery.'As indicated in Table 3I, of all the options analyzed, QuickBird imagery

was the most expensive satellite imagery available.

In addition to the high cost of the imagery, the coverage is sporadic for the study

area, which limited the practicality of the use of QuickBird imagery for this project.

When I searched for archive imagery, I found that imagery was available for areas closer

to Winnipeg but not for the areas near Elie (MapMarf,2007). As such, an on-demand

acquisition would likely be required to obtain imagery to fill in the data gaps, further

increasing the cost. Moreover, once these data gaps are filled, significant manipulation

would be required to produce the final maps and the imagery might not be consistent
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throughout the entire study area. For instance, it may have different resolutions and have

been collected during different seasons. These issues were factors in the lower scores in

both the hardware/software and expert knowledge categories.

SPOT

As reflected in the total scores for each of the image sources, SPOT imagery is

very similar to the imagery available from both QuickBird and IKONOS sensors. Indeed,

SPOT imagery is often used for disaster management. SPOT is part of the Intemational

Charter on Space and Major Disasters, which means that they provide satellite imagery to

NGOs and other intemational organizations for humanitarian purposes during times of

crises (Spot, n.d. b). SPOT imagery is available in resolutions that range from 2.5 m to 20

m and according to the company's website, their imagery is readily available,

georeferenced, and easy to use (Spot, n.d. a).

Google Earth

A question raised by decision makers at the RMs involved in this study was: Can

we use Google Earth for this project? (N. Tchir, personal communication, September 12,

2007). The fact that they asked this question speaks directly to the ability of Google Earth

to introduce mapping, geomatics, and spatial data to the non-expert (Pezanowski et al.,

2007). Accordingly, Google Earth was added to the list of potential image sources.

Notwithstanding its popularity, \¡/ith a total score of 21, Google Earth was not the

best source of imagery for this project. However, it does have simple viewing and data

manipulation functionality that is appropriate for use at the RMs. However, it has limited

topology functions (i.e. 3D surface modeling ability) and users wishing to undertake

complex analysis on the datamay miss the added features of satellite imagery and aerial
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photography (i.e.multi-spectral 3D data), and GIS (i.e. the ability to query objects, draw

lines, and shade areas) (Li et al., 2005). For this particular project, it was not the most

desirable image source because of the variable resolution across the study area. In areas

close to the City of Winnipeg, the image resolution was excellent, and was in the 2 m

range; however, the resolution changed and ground details in the rural areas west of the

city were difficult to distinguish. Google Earth scored well in most other analysis

categories and if the study area was limited to the urban areas, it would be an excellent

choice for this particular user.

IKONOS

With a score of 21, IKONOS is the highest ranking satellite image source and is a

viable alternative to aerial photography. Indeed, if historical aerial photographs were not

available for this study area, IKONOS imagery could be used to produce the maps

required for this project. IKONOS was launched in 1999 and was the first commercial

high-resolution satellite sensor (Kartal et aI.,2004). IKONOS provides very-high

resolution imagery (< I m) in both colour and black and white, and there is an extensive

image archive (GeoEye Imagery, 2007). Research completed after the 2004Indian Ocean

tsunami concluded that it was easier to detect roads, and other small-scale details in

IKONOS satellite imagery than it was using either Landsat or SPOT imagery

(Aitkenhead et al., 2007). Research also suggests that there is very little difference

between IKONOS and the very-high resolution imagery available from QuickBird (Wang

et a1.,2004). Archive imagery for the entire area of this study in Manitoba was collected

in2006; however, some scenes were collected when the ground was snow covered.
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Regardless, the price, listed in Table 31, is very competitive (W. Ferris, Digital

Environmental Management Inc., personal communication, November I 4, 2007).

New Aerial Photographs

Based on the total scores, aerìal photography was determined as the best source of

imagery for this project. Furthermore, if historical images are not available, the RMs

could initiate the collection of new aerial photography to produce the maps required to

meet the project objectives. Aerial photographs provide excellent resolution (0.5 m),

complete coverage, enhanced data processing capabilities, and current aenal photographs

can be used for other purposes, such as drainage studies and land use planning, or sold to

land owners, developers, and recreational groups to recover a portion of the costs (a

sample aerial photograph provided by Prairie Agri Photo is included as Appendix H). The

most significant disadvantage of new aerialphotography is the time it takes to obtain

imagery and to produce the final maps.
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Historical aerial photographs

With a total score of 23.7, the historical aenal photograph option is the best

choice for this project. This is primarily due to the acceptable resolution, low cost, and

availability of the imagery. Within the province, historical aerial photographs are

available free of charge from the Government of Manitoba through the Manitoba Land

Initiative (MLI) website (https://web2.gov.mb.calmlil). The images available in

September 2007 were 2 m resolution, black and white aerial photographs taken in the mid

1990s (there are plans to update and replace the aerial photographs in the near future).

The images are georeferenced to the North American Datum 1983 and are available for

download in 5 km2 tiles. They can be viewed in most GIS software packages. In this

instance, seamless coverage was available for the entire study area.
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Table 3I : Summary of image source characteristics

Source
Historical

aerial
photographs

New aerial
photographs

Cost ($CDN)'
Free from MLI

$7000" for
entire area

$1000" per
square mile on

demand
IKONOS

Resolutiono
2m

Black and white

Google Earth

$8200" for
archive

0.5u m
Colour

SPOT

$400" annual
fee

Photos taken at one time for entire
study area can be stitched together

with aopropriate software.

$12,500'for
archive;

113,500 for on-
demand flieht

0.8c1m
Colour, or black

and white

Coverape

Photos for entire study area
provided by contractor. Minimal

data manipulation necessary.

t Prices for lower resolution imagery provided by the same satellite may be lower than the values shown. The costs listed include all processing fees, delivery
charges, and any other additional fees. Costs are rounded to the nearest even number and are subject to change. Prices and data availability for other areas rnay be
signifi cantly different.
8 The resolution listed represents the best resolution available for each data source.
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2.5-10m
Colour

Photos for entire study area can be
stitched together with appropriate

software.

2.5 m
Colour

Entire study area can be viewed but
resolution is mixed and coverage is

not consistent.

+/- 10 years
Ase

Photos for entire study area can be
stitched together with appropriate

software.

Current

Data
Instant download of
archive images from

MLI

deliverv

Several weeks

Image ready in 6 hours
for a single scene

2006

2004 -2007

Archive - 5-day delivery;
new collection 60 days

Iuly 2007
from archive

or curent

Immediate

Archive - 3-day delivery



Source

QuickBird
Cost ($CDN)'

LandsatJ

$15,000"
archive;

$18,500 on-
demand

NOAA

Free archive
lrom USGS. e

$950r/scene

Resolutionu

UAV

0.60- 1m
Colour

Free

High for entire
study area

$600s per
photo at a
local level

a)

b)
c)
d)

e)

Ð

s)

Photos for most of the study area
can be stitched together with

appropriate software. Areas around
Winnipeg are well covered, Elie is
not. Image will not be consistent.

Quote and resolution values provided by Prairie Agri Photo (MB) (J. McKinnon, personal communication, December 10,2001.).
Quote provided by Digital Environmental Management Inc. (W. Ferris, personal ôommunication, Novemb er 14,2007).
Price listed is for Google Earth pro (Novemb er,2007).
SPOT image pricing calculated based on information in the 2008 price list at: http:llwww.spotimage.frlautomne modules files/standard/public/p335-ba582c667a2rf3b7drl08ad9773629fdspotlisteprix 2008-i101.pdfqu"r.rr.ãruouilr-9i;ãi-' -
QuickBird archive price determined from: http://www.mapmart.com/WorldSatellitelmagãry/ìatellite.htm (accessed January 200g).
T'andsat 7 image pricing calculated based on information provided in the price list at:ht$:llwww.landinfo.com/l7.htm (accessed
January 2008).
Price per image and resolution value provided by On Demand Imagery (G. Lewis, personal communication, Novemb er 6,2007).

30m

Coverage

1000 m

0.20 - 0.50s m
Colour

Study area is included in 1 scene.

Study area is included in I scene

e U.S. Geological Survey

Impractical to photograph entire
study area using this tool

Current or
historical

2002 -2007

Ase

Historical
2000 - 2007

Archive - immediate to 3
days, new collect 5 to 10

days

Data deliverv

Current

Instant download of
archive images from

USGS;
Instant download

Current

Instant download from
weather website

Many hours for entire
project area;

Data for individual images
delivered within hours

once approval to fly UAV
is obtained.
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APPENDIX D: SPOT SATELLITE IMAGE (10 METRE)
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APPENDIX E: QUICKBIRD SATELLITE IMAGE, (2.4 METRE)
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APPENDIX F: NOAA SATELLITE IMAGE
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APPENDIX G: LANDSAT 7 (30 METRE)
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APPENDIX H: QUAR.TER SECTION AIR PHOTO
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APPENDIX J: ETHICS APPROVAL CERTIFICATE

(l'lri l\¡ilding
206 - 19.{ D¿lt¡c ll.oad

\tlinnipcg, MB l{i'l 2N2
Ì;ax (?0,1) 269-i173
ws'rv. u nr¡ n iloìr¡.c:1,/resr:¡rchUNTVERSITy I Ol,tìCt-loF RF.SII/ïRr:l I

!lt: N,l 
^Nrlfor].A. 

I setu,t(;1..s
' Offirc of thc Vice-lrcsidcnt (,\(sc:ìrcli)

30 May 2007

TO: Scott Westlund lAdvisor D. Wiseman)
PrinciPal lnvestigator

FROM: Wayne TaYlor, Chair
Joint-Faculty Research ãthlcs Boafd (JFREB)

Re: Protocol #J2007t067
"ExplorinE the use of Geomatics in Disaster Managemenf'

please be advised thatyour above.referenced protocol haS received human elhics approval

by the Joint.Faculty R;search Ethics Board, which is organized and operates açcording

tó the Tri-Council policy Statement, This approval is valid for one year only.

Any significant changes of the protocol and/or informed consent form should be reported to

the Human Ethics secretar¡at in advance of ¡mplementation of such changes.

Re"""tctt Eth¡"" Board requests a final report for your study (available at:

f,/umanitoba.calresearch/ors/elhics/ors-ethics-human-REB-forms-guidelines.htmll ¡n order to be

Brin.ging Rc.senrch to t.iJ'e

APPROVAL CERTIFICATE

note:

if you have funds pending human eth¡cs appfoval, the auditor requires that you

n¡í a copy of this Àpprovàl Cert¡ncate to Kathryn Bartnanovich, Research Gmnts

Contract èãrvlces (fax 261-0325), lncluding the Sponsor name. before your account

be opened.

if you have received multl-year funding for this reseaf.ch' re.sponsibillty ligs yittt y-ou

to appiy for and obtain Renewál Approval at the expiry of the ¡n¡tial one'year approval;
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CIC lluiìding
208 - 194 Dafoe Iìcad
\{i¡rnipcÊ, Mß ll3'f' 2N2

Frx (:¡01) ¿69-717J
rgnr+'.r¡¡¡¡nilob¡.cl/rcs.'rrchUNIvERsI'ty ¡ Otl,tc;t oF Rt:stì,\R(:tl

a-.i lvf ,\ N r 1'o 
'..\ 

| surrt'tcr:s
' Offitc of thc Vicc-President (Researclr)

31 July 2007

TO:

FROM:

AMENDMENT APPROVAL

Scot"t Westlund
Principal lnvestigator

Wayne Taylor, Chair
Joint-Facu lty Researc,þÈtbics Bglrd (IFREB)

Re: Protocol #J2007:067
"Elploring the use of Geomatics in Disaster Managemenf'

This will acknowledge your e-mail dated July 27, 2007 request¡ng amendment to the

above-noted protocol.

Approval is given for this amendment. Any other changes lo the protocol must be reported

to ihe Human Ethics Secretariat in advance of implementation.

ßringing Rcsearclr to LiJe
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APPENDIX K: INFORMED CONSENT (INDIVIDUAL)
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UNTvERSTTY
OJ MANITOBA

Wimipeg,Mmitoba
Ca¡ada R3T2N2
T elephone (2O 4) 47 4 -9 667

Fú(204) 474-7699
envùonment-€eography@mæitobaø

Exploring the use of geomatics in disaster management

Scott Westlund (Master's sfudent), Department of
Environment & Geography, University of Manitoba.

Department of
Environment and Geography

Informed Consent Form (Semi-Directed Interview)

Research Project Title:

Researcher:

This consent form, a copy of which will be left with you for your records and reference, is
only part of the process for informed consent. It should give you the basic idea of what the
research is about and what your participation will involve. If you would like more detail
about something mentioned here, or information not included here, you should feel free to
ask. Please take the time to read this carefully and to understand any âccompanying
information.

You are about to participate in an interview and provide information on your experiences,
opinions, and concems regarding hazard risk and vulnerability assessment, and the use of
geomatics techriologies. You will be asked a series of open-ended questions that are intended to
ascertain how, and specifically why, geomatics is implemented, and the benefits and
challenges for doing so. Documenting your knowledge of the use of geomatics in
managing disaster events is essential and will contribute to the disaster management
profession.

This interview will take approximately 60-90 minutes. You will not be compensated for
participating in the interr¡iew. During this tirne, a series of open-ended questions will be used to
facilitate conversation with the researcher. Your participation in this dialogue is highly
encouraged. Please feel free to speak your mind.

If appropriate, an audio recorder may be used to document the interuiew. The information
captured will be used to generate a transcript of the proceedings. Should you wish not to be
recorded, we will accomrnodate your request.

In order to highlight the imporlance of your accomplishments and experiences, we will normally
identify people by name in any research outcomes that arise from these interviews. However, our
research is iterative and you will always be able to choose to remain anonymous, if you so wish.
Additionally, you will be free to withdraw at any point in the research.

The outcomes of this research will include a graduate thesis, and peer reviewed research papers.
Once the data analysis is complete, I will provide you with a document that summarizes the
outcomes of this research.

All of the information that you provide will be stored in a locked cabinet, accessible only by the
researchers, forthe duration of the project (5 years). All audio and originally written records will
be destroyed once the research is complete or on or before Jttne 1,2012.
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Your signature on this form indicates that you have understood to your satisfaction the
information regarding participation in the research project and agree to participate as a
subject. In no way does this rvaive your legal rights nor release the researchers, sponsors, or
involved institutions from their legal and professional responsibilities. You are free to
withdraw from the study at any time, and /or refrain from answering any questions you
prefer to omit, without prejudice or consequence. Your continued participation should be
as informed as your initial consent, so you should feel free to ask for clarification or new
informatÍon throughout your participation.

If you have any questions about the research, please contact Scott Westlund

., Dr. Dion Wiseman, Brandon University
or Dr. Emdad Haque, University of Manitoba

The University of Manitoba Joint-Faculty Research Ethics Board has approved this
research. Ifyou have any concerns or complaints about this project you may contact any of
the above-named persons or the Human Ethics Secretariat ú204-474-7122, or e-mail
margaret bowman@umanitoba.ca. A copy of this consent form has been given to you to
keep for your records and reference.

Participant's Signature Date

Researcher' s Signature Date
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