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Abstract

Post-disaster reconstruction of roading networks is a notoriously complex task
that involves prioritisation and allocation of resources, as well as extensive
information gathering and sharing of information between the involved
organisations. Advances in Information Technology (IT) have prompted various
initiatives using simulators, damage scenario tools, Geographical Information
Systems (GIS) and Decision Support Systems (DSS) to assist post-disaster
reconstruction preparedness. This paper presents a critical overview of how
Information Technology was used in the reconstruction process of the road
network in Southern California after the 1994 Northridge Earthquake and how
international organisations cooperated with national and local organisations to
support response and recovery to the 2004 Sumatra Earthquake and Tsunami.
Both events are analysed in order to identify the driving criteria that have ruled the
repair/reconstruction processes. Thus, opportunities and challenges to employ IT
for roading organisations to support post-disaster reconstruction are discussed
based on the analysis of real events previously mentioned.

Keywords: Road Networks; Information Technology; Prioritisation; Resources; Decision
Making.



Introduction

Organisations have to work in a collaborative way in order to recover from extreme
events in disaster prone countries. A great variety of activities is expected to be restored
or to continue to function after a disaster, thus organisations involved in emergency
management activities must be resilient and have to be able to activate their business
continuity plans as soon as practicable. The main objective is ensure that essential
services continue functioning, albeit at a reduced level, following a major disaster. The
ability of organisations to effectively respond following an event has a great influence on
the length of time that affected essential services (e.g. power, telecommunications, gas,
water, wastewater, sewage etc) will be unavailable, and therefore on the total social and
economic impact experienced by the community following a hazard event.

The roading network plays a vital role to community response and recovery as many
organisations are dependent on road access to carry out their own response and
recovery activities (AELG, 2005). Furthermore, emergency services and organisations
needing to transport resources to support the response and recovery effort require
accurate and up to date information about the availability of routes.

The range of issues to be considered increases, even more, during the reconstruction
phase as different organisations and players (i.e. interested parties) promote their specific
requirements into the decision making process. Thus, roading organisations and decision
makers often have to analyse multiple and complex sets of interests before establishing
priorities and managing available resources. A clear understanding of the information
needs, to perform decision making tasks such as the ones previously described, is still
missing.

This paper examines the potential for deploying Information Technology to support
stakeholders and decision makers during post-disaster reconstruction activities. It is
envisaged that comprehensive information about available human and physical
resources, traffic flows, risks/vulnerabilities, damage and organisations’ priorities can
support the decision making in defining repair-sequences for the damaged road
components. In particular, this paper focuses on the implementation of Geographic
Information Systems, GIS, Decision Support Systems, DSS, and Expert Systems, ES, in
being ready for response and recovery on the road network.

After this introduction, the second section presents a critical insight into how GIS and
DSS might be used for post-disaster reconstruction. The third section uses real events
(1994 Northridge earthquake in Los Angeles, United States of America and 2004
Sumatra earthquake and tsunami) to identify the driving criteria that have ruled past
repair/reconstruction processes. The fourth section is dedicated to discussing a wider
perspective for post-disaster reconstruction of roading networks and the conclusions and
future developments are underlined in the last section.

The Role of Information Technology in Post-Disaster Reconstruction

Information Technology, IT, undoubtedly, plays an important role for post-disaster
reconstruction processes. It provides means to collect, process, analyse and share
data/information. In this respect, different techniques have been recently researched in
numerous fields of knowledge. This section describes how tools such as Geographic



Information Systems, Network analysis, Decision Support Systems and Expert Systems
can contribute in managing post-disaster reconstruction.

Geographic Information Systems and Network Analysis

The introduction of Geographical Information System based tools to support the decision
making process, during and after crisis events, can potentiality increase the situation
awareness of decision makers. An increased level of situation awareness can improve
reconstruction processes as knowledge from several fields and organisations can be
represented in different layers in a common mapping format. In general terms, for post-
disaster reconstruction GIS would effectively organise and display information about: a)
the highway network and its structural components; b) the affected network’s components
and specific damage experienced; c) the most vulnerable assets; d) the repair priorities;
and e) the location of available physical and human resources.

GIS is actually an “ad hoc” tool that stores fundamental information and delivers maps in
a format that can be easily read and consulted. It also provides more flexible spatial
analysis tools that require more training to be used, but can produce complex and
strategic decision making information. The availability and clear representation of the
aforementioned information has a key role in the reconstruction phase where the aim is
to achieve the best results using the minimum of resources and time. For example, within
the transportation sector, GIS can be integrated with network analysis to increase the
probability of a network remaining connected after a disaster (Nicholson, 2007), for
optimizing tolling design considering travel time (Li et al., 2007) and for defining routes for
hazards materials transportation (Nagae and Akamatsu, 2007) among others
applications.

Integration of a GIS based tool and network analysis techniques seems to be promising
for post-disaster reconstruction. Once the location of available physical and human
resources are known (considered as the origin points) and the site of damage /
emergency repairs priorities (considered as the destination points) are
identified/visualised, a network analysis can be performed allowing the recovery
performance (in terms of congestion, detour lengths, restoration times etc) to be
optimised by comparing different repair sequences.

For different purposes, simulation exercises implementing GIS and network analysis
based scenarios, could be used as training tools to increase the situation awareness of
decision makers. Such activities would be essential in developing response skills by
practically testing and measuring the impact of different decision on the roading network
performance and consequently on access by emergency services, restoration of other
lifeline utilities etc.

Relevant examples of tools combining the use of network analysis and GIS to support
extreme event decision making can be found in the international literature. As an
example, the use of Information Technology solutions for improving the emergency
response capabilities of first responders has been recently explored by the RESCUE
project (Mehrotra et al., 2004), a joint research programme between the University of
California at Irvine and the University of California at San Diego. An Internet-based Loss
Estimation Tool, INLET has been developed as part of the RESCUE project in order to
provide real-time estimation of damage scenarios and transportation simulation after an
earthquake (Huyck et al., 2006). A methodology for enhancing post-earthquake



emergency response for highway systems has also been developed under a FHWA-
MCEER joint research programme (Multidisciplinary Centre for Earthquake Engineering
and the Federal Highway Administration in USA) resulting in a software package named
REDARS, Risks from Earthquake Damage to Roadway Systems (Werner et al., 2004).
Further references of researches using ether solo or combined GIS and network analysis
are Cherrie et al. (2006), Fu et al. (2006), Liu et al. (2006 a), Liu et al. (2006 b) and
Takeuchi & Kondo (2003).

Decision Support Systems and Expert Systems

Decision Support Systems, DSS, and Expert Systems, ES, have slightly different
definitions, even though their objectives in the context of decision making are similar. On
one hand, DSS generally incorporate a broad range of systems that facilitate decisions by
helping the decision maker to respond quicker to changing needs (Power, 2005). This
definition includes a great variety of systems such as data warehouses, optimisation
models, visual simulations, risk analysis packages and GIS. On the other hand, ES are
defined as computer systems that improve decision making by representing knowledge
and emulating reasoning abilities inherent to human experts (Siler & Buckley, 2004;
Pomykalski et al., 1999; Beerel, 1987 and Giarratano & Riley, 1998).

In the context of post-disaster reconstruction, both techniques have great potential. As
management tools, they can be used to facilitate the decision making after crises events
in order to optimise the deployment of available human and physical resources. They also
offer the possibility to estimate resource needs according to complex damage
information. Thus on one side of the spectrum, the management of a great variety of
information is possible. On the other side, complex activities can be performed by
processing information using the knowledge represented by the rules within an Expert
System. Either way, the decision making can be improved as more information and
complex scenarios are considered before actions are taken and different users’ needs are
fulfilled.

It is possible to foresee various DSS and ES applications for post-disaster reconstruction.
Some applications have already been researched in different fields of knowledge. For
instance, gaming simulation and group decision support systems were assessed for
decision making after extreme events (Mendonca et al., 2006); Fredholm (1999) studied
cognitive models (i.e. knowledge-driven DSS or ES) for emergency management and
practical knowledge for crisis management was analysed by Vedder (1990). However,
Information Technology applications for post-disaster reconstruction are still missing as
research has been generally broad (i.e. different types of organisations are considered).
Specific approaches considering information needs and a comprehensive cultural
background are needed in order to achieve an efficient application that can be easily
manageable to deliver useful decision making information to emergency organisations.

Post-Disaster Reconstruction Analysis of real events

Northridge Earthquake — January 17, 1994

On Monday, January 17, 1994, at 4:30 a.m., an earthquake of a magnitude of 6.8 shook
Los Angeles, California. The earthquake damaged 114,000 residential and commercial
structures spread over 2,100 square miles, took 72 lives and significantly impaired the
Los Angeles regional transportation system. The highway destruction caused by the



earthquake was a significant strain on the auto-dependent Southern California. Being an
important factor in the region’s mobility, the highway system concentrated great deal of
attention and transportation agencies quickly responded to the damage. The Guiding
Priority of the reconstruction process after Northridge earthquake was to ensure
“Mobility”. In this context, the dependence of the Los Angeles population on the highway
network underscored the importance of the transportation agencies to restore the regional
mobility as soon as practicable.

The Department of Transportation (Caltrans) can be highlighted as the major organisation
involved in the response process to the Northridge Earthquake among numerous minor
and medium roading agencies. Caltrans led the successful reconstruction effort and
made two key decisions quickly after the earthquake: a) to rebuild the damaged freeways,
and b) to retain traveller mobility and keep traffic flowing as smoothly as possible during
the rebuilding efforts.

With the lead of Caltrans, this costly disaster became a model of incident management
(DeBlasio 2002). Key elements of the successful incident management have direct
connections with the readiness and the flexibility of the decision making performed by
Caltrans. As a matter of fact, the reconstruction process of the highway system began on
the first day after the earthquake. They used emergency contracting procedures (mainly
“handshake” agreements) to immediately begin debris removal and demolition activities.
Short term actions were also taken to re-connect the network by implementing detours
using available maps from existing management plans.

Furthermore, the successful management would not have been possible without the
coordination capabilities of the different responding agencies and authorities involved.
The use of Information Technology was essential and it had to be widely implemented. In
this respect, the Caltrans Traffic Management Centre (TMC) was wisely adopted as the
centre for initial decision making efforts and all coordination of traffic operations was
performed there on the day of the earthquake. Caltrans also led the coordination of the
transportation response with the Federal Highway Administration (FHWA) and took
responsibilities to monitor traffic in intersections within Los Angeles with the City Los
Angeles Department of Transportation (LADOT) by using its Automated Traffic
Surveillance and Control System (ATSAC).

Finally, a key element of the successful management of the reconstruction process can
be identified as the situation awareness of decision makers about their limitations and
consequent proactive adaptive capacity. While the TMC was very functional, its
technological capabilities were known to be limited for real-time decision-making
purposes. The same was true for the ATSAC system. Also extensive traffic management
capabilities (such as speed monitoring loop detectors, closed circuit television — CCTV,
on-ramp meters, variable message signs — VMS) were available on most of the major
freeways, however many of the areas affected by the earthquake did not have Intelligent
Transportation Systems (ITS) technologies in place. In order to cope with these
limitations (on the day of the earthquake) Caltrans and the LADOT immediately began
strategising about ways to upgrade facilities in order to handle the possible overload of
Caltrans TMC and ATSAC.

To effectively respond to this need, three months after the event, the Earthquake
Planning and Implementation (EPI) centre was opened and acted as a hub for many
advanced technologies that facilitated the traffic management in the disaster areas. The



goal of the EPI centre was to focus on communication between transportation agencies
and emergency officials and commuters, providing accurate important information for
those involved. Thus, the EPI centre was vital in coordinating traffic management
deployments and giving accurate and immediate information to traffic engineers. This
assisted them in making better decisions and collecting information about the changes in
the traffic behaviour over time during the reconstruction phase.

The conclusion stated in the previous paragraph is further endorsed by a Transportation
Research Circular (published by the Transportation Research Board http://www.trb.org/)
in which it highlighted that the availability of accurate traffic data was critical in developing
emergency detours. It also noted that areas with well-developed traffic management
centres were able to accommodate sudden traffic changes more easily.

Sumatra Earthquake and Tsunami — December 26, 2004

On the morning of December 26, 2004 a magnitude 9.0 earthquake deformed the ocean
floor near the Indonesian island of Sumatra. The event pushed the overlaying water up
into a Tsunami wave that devastated numerous areas and killed nearly 250,000 people
(Earth and Space Sciences, 2008). According to the Russian Institute of Computational
Mathematics and Mathematical Geophysics (2008) citizens from 55 countries were killed
and more than 5 million people were affected, including more than 1 million homeless.

Although the international and national response to the disaster was rapid and financial
aid adequate, poor coordination of the response made the decision making process more
difficult. In general terms, coordination efforts have not performed very well because of
the diversity in information accuracy provided by the different countries affected in the
disaster. In addition, social and political issues as well as damage to critical
infrastructures further limited information availability.

The size and rareness of the event added another variable in the response process as
damage varied considerably between affected areas. For instance, some beaches in
Thailand were reported re-opened after 4 days while other areas (e.g. the Province of
Nanggroe Aceh located near the epicentre) shifted into reconstruction and rehabilitation
only six weeks after the event (Kawata et al., 2005).

On an international level, it was clear that there was a crucial need for coordinated, up-to-
date information about the damage scenario, the allocation of resources, the position and
distance of essential structures and of strategic facilities, in order to effectively coordinate
the large number of agencies responding to the disaster world-wide. All these needs
could have been fulfilled by the implementation of GIS technology. For this reason, many
local and international agencies focused on providing necessary GIS data that could be
easily understood and shared. However, reconstruction personnel were not trained to
interpret and use the full potential that GIS data offers, including the dynamic dimension
that could be explored within a GIS platform. A few examples of GIS used during the
2004 Sumatra Earthquake were:

e International Water Management Institute (IWMI) in Sri Lanka and Cornell
University: use of Manifold® interactive mapping technology (www.manifold.net) as
illustrated in Figure 1 to publish online within hours after the tsunami important
data so it could be accessible by any user (most of the data came from the
Tsunami Satellite Data Catalogue);


http://www.trb.org/

e GeoSpatial Data Sharing Platform for Asia Tsunami Rehabilitation (CGIAR-CSI):
supported information exchange for Tsunami related rehabilitation and
reconstruction efforts. Designed as a platform to provide easy access to a variety
of geospatial data for the affected regions.
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Fig. 1. Manifold® Platform Representing Phuket Beach in Thailand and Vakarai Hospital.
Source: www.polarbear.css.cornell.edu/srilanka/default.asp

The Asian tsunami triggered the first emergency deployment in the short history of
MapAction, a charity in the United Kingdom that supports humanitarian operations
through the provision of data collection and mapping capability in the field. It does this by
gathering pre-disaster mapping data, downloading remote-sensing imagery and sharing it
via communication satellite, Internet or phone. Figure 2 shows how MapAction would
work in a real event so geo-spatial data can be made available to decision makers. In the
specific case of the 2004 Sumatra Earthquake, the MapAction team was mobilised within
48 hours and spent three weeks in Sri Lanka working alongside national and international
aid agencies and Non Governmental Organisations in order to help acquiring and sharing
information.



How the MapAction solution works
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Fig. 2. Methodology Adopted by MapAction to Provide Real Time Mapping Capabilities
Emergency Response Activities. (Technology Usage Diagram implemented by MapAction
downloaded from www.mapaction.org)

Interesting examples of international support in providing information and IT technologies
in the aftermath of Sumatra Earthquake can be found in the actions performed by the
United Nation Office for Humanitarian Affairs (UNOCHA). It provided information products
and management tools for the response process. Furthermore, the Humanitarian
Information Centre (HIC) under the UNOCHA coordination provided humanitarian
services to communities in Sumatra, Sri Lanka, and the adjacent countries. Along with a
number of partners (e.g. United Kingdom's Department for International Development —
UKDFID and the humanitarian aid department of the European Community Humanitarian
Office — ECHO), it made available a diversity of products such as coordination tools,
maps, world wide web and related services, technical support, survey design, data
archiving etc. These actions represented the main source of information for decision
making in Sumatra and contributed to a common framework for information management
within the humanitarian community. The main products delivered were maps representing
activities in the food sector, internally displaced people, health and education camps,
road network, locations of the NGOs etc (ESRI 2006). Over time, response activities
gradually shifted to a proper reconstruction process and HIC changed its approach to
solely support the Indonesian Government in its specific needs. This fact showed
considerable flexibility within the HIC, which is now called United Nations Information
Management System (UNIMS) and cooperated with the United Nations Recovery
Coordinator for Aceh and Nias (UNORC) during the reconstruction process in Indonesia.

A Wider Perspective for Post-Disaster Reconstruction

From the analysis of the events presented in this paper it is clear that Information
Technology has been used for post-disaster management, however it could be further
explored in order to achieve more successful applications. Northridge and Sumatra
examples give us a good insight on how to improve the use of IT in disaster management
as they differ in size, consequences, response capabilities and resources (one event has



happened in a developed country while the other affected poor and developing areas in
many countries).

Caltrans’ experience in the 1994 Northridge Earthquake has shown that IT devices such
as traffic volume detectors can facilitate decision making if wisely planned and used.
Moreover, the 2004 Sumatra Earthquake and Tsunami proved that global organisations
can support local activities through the use of the world wide web (Internet) due to its
simplistic operation as well its diffusion in many fields of knowledge and among different
professionals (e.g. engineers, doctors, managers, politicians, planners). It also has
proven to be surprisingly suitable for emergency management activities as great volumes
and different types of information (e.g. satellite images, documents, pictures, reports,
voice) can be acquired and shared amongst all players.

However, specialised IT systems such as Geographic Information Systems and Decision
Support Systems have been misused, neglected or not even explored. This can be a
consequence of the need to have specialised knowledge to operate those systems. This
could be associated to the fact that research and development might not have been
effectively reaching reconstruction practice. Thus, the availability of IT is not enough to
achieve high levels of efficiency. IT solutions need to be designed with a clear
understanding of real decision maker’s needs, and whose implementation capabilities can
be clearly demonstrated.

Consequently, a great window of opportunities is currently open for developing and
implementing new IT approaches for emergency response. Research focusing on
defining information needs, organisations’ roles in the disaster context, planning and
practicing emergency procedures, developing an understanding of resilience etc must be
encouraged by governmental agencies and research institutes. Dantas et al. (2005 and
2007) have conceived an effective model to share information amongst decision makers
called Dynamic Geographic Information System (DGIS). Complementarily, a Dynamic
Response Recovery Tool (DRRT) is under development so the DGIS will be embedded
with decision making support capabilities like network analysis and resources allocation
optimisation routines (Ferreira et al. 2007).

Conclusions and Future Developments

Many opportunities rise from the combined analysis of real events and Information
Technology concerning post-disaster reconstruction issues. It is clear that information
plays a major role as it is a key “factor” for making decisions after a disaster. Priorities
assessment can be improved if accurate and up to date information is available. Hence,
an efficient allocation of human and physical resources is expected.

A strong information based framework is necessary to assess risks and to inform both
decision makers and the impacted community. Developing situation awareness and pre-
planning response and recovery actions for the aftermath a disaster is an effective way to
be ready, and to increase the likelihood of using available resources wisely. These issues
have to be carefully assessed for road network reconstruction decision making as roading
transportation plays a major role during emergency management. Hence, the efficient
management of resources is fundamental to quickly achieve the goals established in the
response and recovery plans.



This paper has proven that initial developments in using IT for the purpose of emergency
management have already been taken. After a major disaster, decision makers, rescue
agencies, and civil defence managers need quantitative and qualitative estimative of the
extent of the disaster. To overcome such an issue, technology can help in many ways:

e Highly developed databases and emergency management systems used in
developed countries must be available for developing economies as well. For
instance, databases were not readily shared because of political issues.
Communication and high-resolution satellite imagery proved invaluable in the
Indian Ocean countries after the 2004 Sumatra earthquake and Tsunami;

e Satellite images, maps and other geo-spatial information in appropriate format and
definition contain vital information for emergency response and recovery;

e GIS applications must be pre-designed, including specific needs previously
surveyed in different areas worldwide. It is necessary to understand that different
countries and cultural backgrounds mean different information needs. For
example, configurations that work in the USA might not work in New Zealand due
to different organisational structures; and

e The use of technologies (GIS, DSS, scenarios and simulations) through training
can develop an understanding of the risks, vulnerabilities, preparedness and
readiness which are essential for effective decision making after a disaster.
Concepts of resilience must also be developed within organisations responsible in
providing essential services.
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