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Abstract. Analysis of the U.S. government response to HangcKatrina in 2005 and Hurricane
Sandy in 2012 remind us that inter-governmental enich-governmental communication plays an
important role in effective response to disastarrridane Katrina highlighted the lack of informatio
sharing across levels of government and sectorsshadred that such gaps in sharing contribute to
slower and uncoordinated response and insufficleptoyment of resources. The response to Hurricane
Sandy was much more effective because of the lesk@mned from Katrina about cross-boundary
information sharing but problems still existed. eT¢onclusion that more complex and severe incidents
require more coordination and information sharingsas levels of government and functional agencies
makes it increasingly important to increase infdrorasharing capability as part of EM. This paper
presents the argument that the unique and impodppbrtunity of leveraging OGD in this regard
requires continued attention and investment in whgs maximize value in the form of more effective
and efficient emergency response efforts.
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1. Introduction

Emergency Management (EM) typically involves mudipurisdictions as well as a number
of governmental ministries, departments and agenamn-governmental organizations
(NGOs), private sector entities, and citizens. tidigon, the number and type of actors
involved emergency response varies depending oochtext and severity of the event [1].
Information flow and interaction among the manyosastare important factors in making
decisions about response activities, as well gsgoeeiness and recovery plans. Governments
are among the largest creators and collectorstaf d&e data held by governments provides
insight into the critical infrastructure of coumtsi includes transportation, health care,
financial services, weather and agricultural cdadg, population and housing trends and
any number of characteristics of the society fromeagraphical perspective. Increasingly,
governments and other emergency management pmiessi are looking to both
governmental and non-governmental actors to proaabess to the vast store of government
information to guide emergency response decisiokimgaln particular pressure to provide
open government data as input to emergency manageamel in particular emergency
response efforts, is increasing.

This in progress research paper presents theptiase of a study designed to provide
new understanding about global practices in theais®pen Government Data (OGD) in
emergency response. The complete study will foecuthe US, the EU and China. This first
paper will start with a focus on the United Stat@asce complete, the collected set of papers
will propose a model of the use of OGD in emergerasponse, identify a common set of
global practices and present a set of guidelineshi® use of OGD in the various stages of
EM. Questions being examined in this study incladhere and how is OGD playing a role in
EM, how do OGD initiatives facilitate EM in term§iacreasing efficiency and effectiveness,
how does the use of OGD impact EM procedures agdnizing frameworks, do current
OGD efforts provide data to support the full lifgcte of EM, and are there requirements for
government data that the OGD efforts are not pingidThis paper begins to develop a
mapping between the EM lifecycle and OGD and hgtt6 where and in what way OGD
efforts are creating public value in EM efforts.

This paper is organized in five sections includthg introduction. Section 2 briefly
introduces the edge research on OGD and EM intera@nd the trends of OGD applied in
EM area. Section 3 provides a brief introductionBmergency Management and Open
Government Data practices in the U.S.A, and toesnalyze the interaction between EM and
OGD via a typical application such as LEHD projeétllowed by Section 4 the paper
introduces a discussion of EM and OGD as a fouadatdr the analysis and conclusion
which provides a model of the use of OGD acrosditbeycle of EM.

2. Literature Review

In recent years OGD have been accepted and used in more and margries. OGD is
commonly seen as a strong driver in society, andyn@GD strategies have also been taken,
such as website, platform, policy and Hackathorithodigh open data exploiting potential
value have become a popular trend globally, differeountries open data policies and
application are different, such as the degreepeih data and application of it are higher in
the US, UK and UN.



2.1. The Relationship between Open Government Data (OGD) and Emergency Management
(EM)

OGD is one of the important initiatives to suppatécision-making in emergency
management protocol. A disaster happened, sodialadal information will increase rapidly,
so the need for various information outlets needé linked from an open data cloud is
critical [2]. Janssen et al. shows that data aitalyilays a role by providing deep insight and
influences the decision making processes of pulrlganizations [3]. In order to identify
vulnerable places, assets, population and infretstre facilities it necessary to balance
resource requirements.. And Olyazadeh et al. badigkiat open-source data, techniques and
solutions will decrease the time and efforts neeétmd rapid disaster and catastrophe
management [4]. It means that open data can suggmrtrnment or citizens making
decisions in a shorter amount of time, in orddvdtier prepare for and respond to disasters.

OGD is seen as a tool to strengthen the collakmwrain emergency management.
Harrison et al. pointed out that openness changednature of relationships between
stakeholders and governments, and enables thanktadross organizational boundaries and
functions [5]. In addition, Meijer and Bolivar higghted that open data can strengthen the
collective intelligence of cities by enabling compes, innovators, NGOs and citizens to
extract value from this data [6]. In this senseeropess can increase stakeholders’
collaboration, because open data supplied a datéaghplatform. Not only does it provide
information quickly, but it can also promote anggaort team-work.

2.2. . The Attempts of Open Government Data Applied to Emergency Management

The web of OpenDRI [7] introduced a lot of examgtasanalyzing open data which can
be used for government to reduce vulnerability lauitld resilience to natural hazards. Open
government data, such as GIS, can be used fortfooeservation planning [8], health care
[9], detect malaria incidence in Vietnam [10], budisaster management system[2] , set the
course of emergency vehicle route [11] and disassér management[10]. These scholars
introduced typical cases to analysis that OGD ishenneed of emergency management. For
example, Balbo et al. introduced the Malawi govezninsetting up MASDAP(a public
platform) based on GeoNode (a platform for the rganzent and publication of geospatial
data) as a case, to prove geospatial data shaaimbechelp for disaster risk management[12].
This means that OGD is an important resource foergency management, and to identify
the relationship between them will help stakehdaderbuild correct corporation.

3. Open Government Data Attempted to Apply in Emergency
M anagement

In fact with the transformation of Emergency Manageat coordination among government
agencies and NOGOs, private companies and indilachecomes more and more important.
OGD is commonly used to create new economic andalsealues via the government

information efficiently disseminated and reused.tiAs basis of coordination of information

could be disseminated to the public and be usethbre and more involved parties will

impact the response to the accidents.



3.1. Emergency Management Transformation in U.SA

EM in the United States (U.S.) was fragmented amshaged by several federal agencies
until Federal Emergency Management Agency (FEMAS wathorized as an independent
federal agency to coordinate emergency managemedtiéns in 1979. At the beginning the
Federal Response Plan (FRP) was released to catedinulti-level and multi-sector efforts
respond to and prepare for incidents. In the af¢hnof the 9/11 attack, the FRP was
released to a new National Response Plan (NRPD@3.2The new NRP came with a new
perspective on homeland security, included a s#ofgcus on intergovernmental networks
among state, local and federal levels, as welhasital role of private and nonprofit sectors
been increasing recognition.

In the aftermath of Hurricane Katina, NRP was repeth by National Response
Framework (NRF) in 2008. NRF is built upon scalalfllexible, and adaptable coordinating
structures to align key roles and responsibilittesoss the Nation, linking all levels of
government, nongovernmental organizations, angtivate sector [13].

EM functions in the U.S. are generally grouped irftur phases: Mitigation,
Preparedness, Response, and Recovery. In the WASisEmanaged according to the
principles of the National Incident Management 8ys{NIMS), which is a preparedness and
response management model based on the Incidenm@odhSystem (ICS) [14]. Each of
these four phases is introduced below.

« Mitigation activities often have a long-term or &ised goal to improve resilience

to reduce or eliminate the impact of an inciderthim future;

» Preparedness is the process of enhancing capacitgspond to an incident by
taking steps to ensure personnel and entitiesapabde of responding to incidents,
such as training, planning, exercising, procuriegources and intelligence and
surveillance to incidents;

* Response activities are immediate actions to saes,|protect property and the
environment, such as evacuation, deployment ofuress and establishment of
incident command operations;

* Recovery activities are intended to restore esseservices and repair damages.
3.2. Open Government Data Practicesin U.SA

President Barack Obama signed the Open Governniggtttibe on December 8, 2009. This

Directive set forth three principles of transpargnparticipation, and collaboration as the

cornerstone of an open government. Over the pasyéars, the Obama Administration has
launched a number of Open Data Initiatives aimestaling up open data efforts across the
Health, Energy, Climate, Education, Finance, PuBlifety, and Global Development sectors
[15].

The White House launched the Open Government Dieatith one of the most
important practice changes in terms of governmata:dhe creation and release of Data.gov.
Data.gov, a government web portal, comprises husdod thousands of raw data streams
from different agencies available to citizens, ptés companies and NGOs. With this
paradigm shift in the accessibility of governmeatadthe concept of Open Government Data
(OGD) emerged. OGD, as a unique concept from OpemefBment gained attention,
particularly in the U.S., as a strategy for creatigreater government transparency,
participation and collaboration.



More and more countries now have data platformatedefor selected purposes such as
economic analysis and development, environmenteptioh, transportation schedule,
emergency management, and so on. One such platforthe Longitudinal Employer-
Household Dynamics (LEHD) program, which is partted Center for Economic Studies at
the U.S. Census Bureau and focuses on data gatinene@conomic-related agencies and all
50 states of the U.S. The mission of the LEHD igptovide new dynamic information on
workers, employers, and jobs with state-of-the-eohfidentiality protections and no
additional data collection burden. New data is agkxd on a regular basis and some services
are provided such as partially synthetic data datistics for detailed levels of geography
and industry and for selected demographic groups.

The Toxics Release Inventory (TRI) provided by thes. Environmental Protection
Agency (EPA) provides another example. TRI isatstg point for communities to learn
about toxic chemicals that industrial facilitie® arsing and releasing into the environment,
and whether those facilities are doing anythingrevent pollution. Its mission is to protect
human health and the environment [16]. TRI datapets informed decision-making by
communities, government agencies, companies, dretntlt releases Pollution Prevention
(P2) Data and Tools for TRI Data Analysis as well.

In accordance with the OG Directive and the fouintha principles, Data.gov and other
such open data programs provide some new undeinstanfl the characteristics of OGD
initiatives, including:

e They contain large amounts of data and comprisewsithemes;

« Raw data streams from different agencies as welpaatally synthetic data and
statistic data are uploaded to an integrated portal

» Data products are released to the public via a wahgety of dissemination and
analysis tools. The data sets are provided inrmiffeformats, and analysis tools are
provided to support users in data analysis andereus

* For special purposes or different domains, data sanged into different data
communities (data.gov/health for example), or irdégd to a special portal.

3.3. Open Government Data Practice in Emergency Management: Case OnTheMap

The LEHD program provides new dynamic informatiom workers, employers, and jobs
with state-of-the-art confidentiality protectionsidano additional data collection burden.
LEHD Origin-Destination Employment Statistics (LOBEare used by OnTheMap, Data
files are state-based and organized into threestypagin-Destination (OD), Residence Area
Characteristics (RAC), and Workplace Area Chargties (WAC), all at census block
geographic detail. Data is available for most stéde the years 2002—-2014.

Under the LEHD Partnership, states agree to shaesmpgloyment Insurance earnings
data and the Quarterly Census of Employment ande®/4QCEW) data with the Census
Bureau. The LEHD program combines these adminigtradata, additional administrative
data and data from censuses and surveys. Frontdbas the program creates statistics on
employment, earnings, and job flows at detailectlewf geography and industry and for
different demographic groups. In addition, the LEHBogram uses this data to create
partially synthetic data on workers' residentigtgmas.

The LODES dataset is highlighted in OnTheMap, apivagpand reporting tool showing
employment and home locations of workers with comyra reports for user-defined areas.
OnTheMap has been selected as a representativestdtiStical innovation for the United



Nations in 2009, and received the U.S. Departmér@mmmerce Gold Medal, its highest
recognition for scientific achievement, in 2010][17

OnTheMap for Emergency Management is a public taththat provides an intuitive
web-based interface for accessing U.S. populati@hvaorkforce statistics, in real time, for
areas being affected by natural disasters. Thepianlides users this information for rapidly
changing hazard event areas. OnTheMap for EmergeMlapagement automatically
incorporates real time data updates from the NatiMdeather Service’s (NWS) National
Hurricane Center, Department of Interior (DOI), Rement of Agriculture (DOA), and
FEMA. Recent improvements have been made that adwe utility of the tool and its data
offerings for users including newly added sociapreomic, and housing data from the
American Community Survey (ACS), greater reportifigxibility to better analyze
communities affected by disaster events, and &tyadf user interface enhancements. The
highlights are as follows:

» Addition of detailed social, economic, and houdilaga from the ACS;

» Generate reports for specific communities for raeglp local, and comparative
analyses;

» Linkable maps and reports for easier sharing.
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Figure 1. LEHD Application OnTheMap for Emergency Managemttip://onthemap.ces.census.gov/em/)

4, Analysis

As contemporary incidents become more and more Exnpesponses to these incidents
have begun to exceed the capacity of any one agamdyrequire coordination with other

agencies to interact together [18]. A lack of camation across the numerous U.S. federal
agencies charged with some aspect of EM led tofdhmation, in 1978, of the Federal

Emergency Management Agency (FEMA). The 9/11 attaaised significant changes to the
federal and national emergency response coordmatith the new released NRP (National
Response Plan). Then in the aftermath of HurricBaady, NRP was replaced by NRF,
which not only was the public sector saying govegnta need to interact but all across the
society including NGOs, private sectors and citizereed to be involved in emergency



preparedness and response. Now, the most impadastderation when accidents happen is
how to make all the stakeholders respond quickty @ilaboratively on accurate, timely and
distributed information. .

4.1. Open Government Data Needs in Emergency Management

During emergencies stakeholders respond accordiribet information and directives they
receive. The painfully slow response to Hurricareriha was a national embarrassment. .
The response state governments were waiting foe wee federal directives to act and to
provide funding and support to the area. Howeverféideral agencies involved didn’t grasp
the severity of situation immediately, which made tdecision making slow, command
vagueand local governments response time inseifficiFurther, government agencies,
private sector companies and NGOs who might haee b&re responsive, knew little about
the NRP. The public didn’t know the government'sage plan or evacuation schedule, nor
the recovery plan for after the hurricane. Theesmit a uniform platform for disseminating
the information and directives so the multiple imyef government nor the public knew what
happened and how to address and solve the prolilemshe disaster.

Hurricane Sandy in 2012 was another test for the KBF. The results were considered
much more effective than the Katrina response.tifdl agencies prepared for the hurricane
landfall and communicated with each other, deplaymaf resources and logistics were
found to be more efficient and effective. Commutia@a among responding governments
was improved though communication between govermnraed the public such as citizens,
private companies and NGOs remained problematioveiter, the assessment also found
that few people used shelters, the evacuation weSidient, situational awareness was
limited, and the recovery plan lacked public suppor

The newly released NRF improved the sharing ofrinfition and directives among
governments, though interaction between governmedtother stakeholders did not improve.
The NRF was not open to other stakeholders to Irdlrm their decision making and
communication strategies, and as a consequertejdiprovement was evident.

4.2. Open Government Data Leveraging in Emergency Management

When emergencies happen governments making dexigigokly and correctly and both the
government and the public acting according to edifidirectives and collaborating
immediately are the determinants of the emergeasganse. And all the systems should be
prepared as emergency management’s main functions.

In the case of OnTheMap, firstly there is an udifiglatform based on the spatial
geographic map which in the data publishing and dat phase it is published to the public
via a wide variety of dissemination and analysigldpand in the data collection phase it
automatically incorporates real time data updatas the National Weather Service’'s (NWS)
National Hurricane Center, Department of Interiof){), Department of Agriculture (DOA),
and FEMA. And all 50 states, the District of ColumbPuerto Rico, and the U.S. Virgin
Islands have joined the LEHD Partnership, althotighLEHD program is not yet producing
public-use statistics for Massachusetts, Puerto,Ricthe U.S. Virgin Islands.

For the widely use of data the LEHD program staffiudes geographers, programmers,
and economists. With the integrity of informatiomoat people, weather, hurricane landfall
changes, transportation etc. are all availablehis unified spatial geographic map, firstly
both governments and the public become very aweatieet accidents and its changes in time,
then without panic the response could be bettearorgd; Secondly governments can make



decisions very quickly according to the real tinteation, such as response plan, evacuation
plan, deployment plan and even the recovery plah appropriate schedule; Thirdly the
public can get the directive at the first time, aget to know the relief goods and rescue
facilities immediately such as shelters locati@ade or dangerous buildings, which can help
people from the second disaster; Finally if theme some applications developed using the
open data on mobile phones which can actively pslupdated emergency information to
the citizens to let everybody get the informati@nsaon as possible, and on the contrary the
citizens can access some special information bynské/es for example to find the nearest
shelter location, or to find safety and a shortcuite to evacuate. Not only in the phase of
response but in other phases open data can helpgemeg management become more
efficient and accurate. In the above case of TRé, ¢company and its facilities using or
releasing toxic chemicals are strictly monitorecheTindustrial standards could be set
according to historic data to avoid toxic chemiaatidents, governments’ supervision and
administration can be based on data collected aitoatly instead of the data provided by
the companies, which will be more reliable and oesb quickly and accurately once
accidents happen. To the public the data can besaed easily which means they will know
clearly where the dangerous locations are to lee tabavoid themOpen data can be used to
develop a “Toxic Chemical Maps” to help people ffam the dangerous and also it will be
very helpful for anybody to “monitor” the potentiaixic chemical accidents happened.

5. Conclusion and recommendation for further research

As incidents become more complex and severe, m@rg organizations are needed to as
part of response efforts. Organizations tasked adltiressing large scale events which affect
many people and require significant resources arereasingly crossing traditional
hierarchical boundaries to collaborate with othelbljc, private, nonprofit organizations, and
the media [19]. Multi-level, multi-sector, and csdsoundary information sharing is
recognized as necessary for EM decision making.

The emergence of a new governance approach thdticesithe practices of traditional
government with market driven approaches of theapei sector and the resourcefulness of
non-profit organizations is required. Coordinatexross the boundaries of government and
non-governmental organizations, companies andecisihecomes a very important factor in
the effectiveness of incident response.

As one important step toward more effective us®©GD in emergency management,
Data.gov disseminates emergency preparedness iiormwith the goal of helping the
public prepare for many different kinds of incidenbData such as that provided by LEHD,
TRI and FGDC, are also resources for the publiparticular other governments, the private
sector and NGOs, to produce applications that geouools to visualize the data and
visualizations themselves, for example, to suppwste rapid response by all stakeholders
and improve the accuracy of decisions in routineergency preparedness and response.
Drawing on the experiences in the U.S. we proposet af scenarios where the use of OGD
in EM could be highlighted and cultivated to inged&M response capability.

« During mitigation stage, the analysis of the roatidata from production and
business can help government locate the city’serahility, and the usage of data
will reflect the real production and business dira Then governments can
modified the industry standard or regulations tpiiave the city’s resilience;



» During preparedness stage, preparedness will be sufficient and well planned if
government collects the updated data through a rgpbir platform like
GeoPlatform.gov sharing geographic data, maps,oafide services, the resources
can be more efficiently reserved and shelters locatan be more optimized
according to the LEHD;

» During response stage, rapid action and accuratiside-making are the most
important things. Evacuation will be more efficiartd well planned if government
combine the dynamic Employer-Household data fronilDEand geographical data
from federal or state’s geographic information eentAnd obviously it will be
easier for the public to find the shelters if theyen application positioning nearest
shelters via mobile phone;

e During the recovery stage, quick and easy accesshdéorecovery plan and
accessibility to the emergency government agemndgiégnprove the plans..

Hurricanes Katrina and Sandy were typical of reagtyt-based responses to disasters.
Hurricane Katrina highlighted the lack of informati sharing across levels of government
and sectors and showed that such gaps in sharimgitnge to slower and uncoordinated
response and insufficient deployment of resour@é® response to Hurricane Sandy was
much more effective because of the lessons leafmed Katrina about cross-boundary
information sharing but problems still existed.

The conclusion that more complex and severe int&deguire more coordination and
information sharing across levels of government famttional agencies, as well as across
sectors and with the public is well accepted. Toisclusion makes it increasingly important
to increase information sharing capability as paftEM. The unique and important
opportunity of leveraging OGD in this regard regsiicontinued attention and investment in
ways that maximize value in the form of more effextand efficient emergency response
efforts.
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