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Abstract: An environmental impact assessméBtA) is a decisioamaking process that
evaluates the possible significant effedhat a proposed projechay exert on the
environment The EIA scoping ath reviewing stages oftemvolve public participation
Althoughits importance has long been recognized, public participatioherEIA process

is oftenregarded asneffective due totime, budget, resourceéechnicaland procedural
constraints as well asthe complexity of environmental informatian Geographic
Information System (GIS) and Volunteer Geagnic Information (VGI) have the potential
to contribute to data collection, shayiandpresentationytilize local usergenerateadtontent

to benefit decisionmaking and increase public outreaciThis research integrateGIS,
VGI, social media toolsdata miningand mobile technology todesign a spatially
intelligentframework thapresened and share EIA information effectively to the public.
A spatially intelligent public participative systef$IPPS) was also developed as a
proof-of-concept of the framework.The research selected theehachapi Renewable
Transmission Project (TR7Rs the pilot study are&urvey questionnaires were designed
to collect feedback andonductevaluaion. Results showhat SIPPS was able to improve
the effectiveness of public participation, promote environmestarenessand achieve
good system usability.
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1. Introduction

An environmental impact assessmdiilA) is a decisionmaking process thatsystematically
evaluates the possible significant (negativpasitive) effects that a proposed project action may exert
on the natural, soci@ndhuman environment of a particular geographic afé&. assessment results
are often included in a document knownaasenvironmental impact statemg(ilS). An EIS usually
includes butis not limited tq the following topics: the environmental objectives and regulations, the
baseline conditions of the existing environment, the proposed project and alternatives, impact analysis
on the affected environment and consequenuaslic comments and comment analysis, mitigations
and recommendatiorsnd other monitoring measure$he EIA process consists of multiple stages
and citizens normally participate in EIA at the stage of scoping and public reviéltiagscoping
stage promes an opportunity for the pubic to express what they would like tB¢oEdddresandthe
reviewing stage allows the public to comment on the dr&thiefore the final E3 is generatedOther
name variationssuch agnvironmental impact repofEIR), have been used; for consistency, this study
usesthetermM EItA®@ r epresent similar pr odassitdaecaftemd AEI
Although theimportanceof involving the public to participate in the EIA procdsass long been
recognizedl], it is often regardedsineffective due to material, technicahdprocess complexityas
well asthe nature of environmental informatigg]. How to improve the effectiveness of public
participation in the EIA procesontinues to draw the attentionresearcherfl]. Traditionalmethods
for the public to participate irElIA include public meetings, telephone intervievesnails and
surveys B8,4]. Information technology andeographic information systef®|S) are considred two
major vehicles thathave broughinnovation to lhe conventional approachdd]. The ter m fip
participation geogr ap hificstappedred GBS tworkshop argarszedebyns  (
the National Center for Geographic Information aAdalysis (NCGIA) The primary goal was to
identify GIS solutions tempowerthe less privileged groupand incorporate socially differentiated
local knowlalge[5]. Since then, PPGIS has evolved towards the direction of leveraging GIS to engage
the publicin policy-making supportnongovernmental organizationd!GOs), grassroots groupsd
communitybased organization&€CBOSs) [6]. Many PPGISenvironmental information systems have
been developedr[9]. However,researchers pointed out that previous work oftitmchedmportance
to the aspects of environmental modeling, analgsimplementation techniquesdrarely discussed
the design andystemusability with regard to involving the public more actively aftectively in
EIA [10]. According to Sieber, one of the major challenf@sPPGIS is how tceffectively and
accurately present the available data and the results retrieved from the underlying modeling and
guantitative analysis in a Glisased environmentaystem such that the public would understand them
correctlyand be willing to participats].
Recently the advancement dfternet technology and the proliferation of Web 228 broughtnew
behaviors toa geographially-enabledinformation society andhasinfused public participation with
new energy The phenomena fall into six major yet overlapping categoids$: (1) usergenerated
content which refers to digital informationsuch asvideos, photos, blogs, news feeds and podcasts
creaed by theweb users and normally shared with other uddrd; (2) leveragingthe collective
wisdom of the crowd to identify a design or solution (eegpwdsourcingy[13,14]; (3) largescale data
of multi-dimensional complexity that often require masssterage space anplowerful database
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searching, processirandanalysiscapabilities (4) participatoryframeworks whichassociate i t i z e n' s
local knowledge and observations with geospatial footp(e.g, an addregs[11,15]; (5) prevalent

virtual community and social media involvemethiat encourage user interaction through online
platforms such asnessage boards, chat rooorssocial networking sitesand lastly, (6harnessing
geospatial technology to benefit rerpert users or communitig$6]. With the empowerment of

these evolving categories, users are more likely and willing to be engaged in generating and
consumingveb-based geospatial contefl¥]. This, in turn, leads © another new phenomenuwaiich

has been t eeredgeedo gifr vagplhu rct i n f18,19mResearohs dave G Usigd
Afneogeofl6e2dPplhyoicyber c@lq ordicarsasspeirytced geographic i
sense that its content is asserted by its creator without citation, refenescesening ofamother
authority) [18] to describe similar activities. For the sake of consistency, tiierpaill use the term

i V G hecteafter.

The growth of VGI contributes to the garing, sharingand visualization of geographic
information. Unlike the traditional tedown approach that generates or distributes pagsed or
web-based geospatial contents from authoritative poofessional sourcege.g, governmental
agencie} VGI adopts a bottorap approach that engages a large number of citizens and shifts the role
of user s from mere Afdat a and rpouder@ of susergemeratadc t | v
content[23]. This dift can leverage local intelligence to benefit local government, state agandies
CBOs in improving decision quality, reducing process time, promotingeffesttiveness, maintaining
transparency and legitimaeyndultimately contributing to the develogent of a civil society24].

The importance of VGI in environmental areas has also been recognized by sdResaach
suggests that VGI can contribute to reflecting public environmental con¢2Bhs promoting
environmental awarene$26], providing environmental policy makers with local and timely {26
andexpediting new public policy changes on small scales in environmental monitoring adi@ities
Particularly relevant to GIS and public participation, citizeas now access vations of VGIto
contribute information located on a map throwgkb-based mapping application interfad@s]. For
example, Werts developed a WebGIS framewrkncrease public participatiom soil and water
conservatiorj26]. Another example i©®akMapper littp://www.oakmapper.orgthat allows people to
reporttree disease information and obtain an overview of the tree health statusGalifmgaia using
an online mapping todk9]. With the help of VGI, agencies and organizationsrem& ableto gather
geographic information with local intelligence that may not be available otherwise.

As mentioned previously, public comments are often submitted to the EIA lead agency via mail,
email, phoneor fax in many EIA projectsThese commentsonsist oftext mostlyandthe volume can
grow rapidly during the drafElS phase. After receiving the comments, agency staff need to screen,
consolidateandanalyze them based on tNational Environmental Policy Aaif 1969(NEPA) and/or
the EIA lead agenoy approach and respond to each of the individual comn{biiBA §1503.4a),
http://ceq.hss.doe.gov/nepal/regs/ceq/1503.httn many cases, there is no effective automated
mechanism for decision meks to explore and extract meaningful information from raw comments.
This problem can be alleviated by data minibgta mining is a technique that aims at automatically
extracting data and discovering impligatterns and trendsom large data sets orathbase$30].

Those patterns and trends often represent intelligent information related to relevance, innovativenes:s
and interestingness. Data mining usually consists of three kinds of tasks: information retrieval,
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namedentity recognitionandinformation extractiorj31]. Spatial data mining often takes place when
data mining algorithms are applied to geospatial informat@sospatial information retrieval and
extraction hasecentlybeen identified byhe National GeospatiahtelligenceAgercy (NGA) as one

of the key research areas in the next 15 y¢&ds$. Benefits of data mining include improving
datacollection efficiency, reducing efforts and costs, enhancing data quality and coherence of
assessmen{82] andsupporting good strategicadtification indecisioamaking[33].

The primary objective ofhis study was to develop spatialy intelligent solution to improve the
effectiveness of public participation in the EIA proceSsteria to define effectiveness are presented
later in Section 5.1 The secondary objective was to leverage the solutigaise the environmental
awareness dhe publicandcontribute to the knowledge base regarding public participation in policy
making in generalThe research integrateGlS, VGI, social nedia tools data mining and mobile
technology to design a spatially enabled framework that pestemtd sharé EIA information
effectively to the publicA prototypespatially intelligent public participative systgl@IPPS)was also
developed as a pob-of-concept of the framework.

2. Study Area Selection

Since environmental issues cover a wide range of topics and véElds target specific
environmental problemshis researctselected one Bl projectas a case study area and used tite EI
associated environmental information to deslgsolution framework anthe prototype system. This
section reviews the selected EIA project #melproblems associated witk tturrent system

2.1. California Energy Problenand Study SitSelection

This research selected the Tehachapi Renewable Transmission Project (TRTP) as the study are:
TRTP was first proposed by Southern California
the requirements imposed Bya | i f &®Renewalded Bortfoli®tandard RPS) and the final B3 for
TRTP wascompleted in September 201BPS was initially established by the California Public
Utilities Commission (CPUC) and the California Energy Commission in 2002 with the major goal of
providing affordable, reliablandclean energy to meet the needs of the increasing state population in
the next 20 years. TheAS program required investowned utilities, electricity service provideasd
community choice aggregators to increase procurement from eligible renewabigy eesources to
33% of total procurement by 202DRTP proposed to integrate new wind generation in the Tehachapi
Wind Resource Area (TWRA) and would construct, operate, relcaatiemaintain transmission
infrastructure along about 173 miles of new amdsting rightof-way across Kern County, Los
Angeles County, Angeles National Forestd San Bernardino County iBouthern California.The
proposed activities could haggynificantimpacts on the environmergndthe proposal was therefore
required byNEPA to conduct an EIAThe USDA Forest Service (USFS) was the federal lead agency
and the CPUC was the state lead agembgy worked collaboratively with other responsible agencies
and citizens to collect information and prepare the draft and figl El

TRTP was selected as the prototype in this stddg to the following considerations: First, it is the
first major transmission project in California being constructed specifically to access multiple
renewable generators in a remote renewatle resouce area. Second, TRTP has been a very



ISPRS Int. J. Getnf. 2013 2 484

controversial project since its initiation. Compared to other SCE renewable energy transmission projects, it
received more public comments t h a ntp:éwvy.sceoconl e r
PowerandEnvironment/Transmission/ProjectsByCounty/pregetounty.htm). The EIA process for

TRTP was lengthy and involved many baakd-forth conversations and negotiat®among agencies,

SCE andthe public. The combination of these factors makes TRTgPeat prototype case for this
study while maintaining the generalizability of the findings.

2.2. Existing Website Problems

CPUC has an existing FTP website to host the TRTP EIA documents and public comments
(ftp://ftp.cpuc.ca.gov/gopheatata/environ/tehachapi_renewables/TRTP.hiffis website is, however,
ineffective in multiple senseBirst, it is primarily a static documémepository with a flafile structure
and overwhelming datdt does not adopany availableVGI technology to alleviatéhe cognitive
difficulty that decision makers and public usemgjht encounterAll the project maps are static PDF
files and none of their potential impacts are displagieelctly on the mags. Ideally, EIA should be a
comprehensive interactive process beyond a mere documentation warétmuseer citizens played
the role of a pasee recipienon this websiteather than an active participant and could hardly interact
with either the decision makers or other citizeSscond, the comment submission process is not
automated. Raw public comments were collected via fax, phone, andaihail or at the public
meetings using physical fornamdeach comment is listed as a single PDF file onllihe. user wants
to see the commentiey would have to laboriously click and opeach PDFone by one. Third, the
website has a disconnecterkflow, and the components on the website fail to support each other.
For example, the comments cannot be directly viewed on the map viewer and the map viewer never
preseng any demographic information about tparticipants and thus it is difficult to obtain the
overall EIA status and understatite spatial distribution opublic participantsOverall, the existing
websitewas not @signed in a manner to engage the public effectivdlg. framework proposed in this
study can alleviate those problems.

3. Conceptual Framework Design

This section presents a spatially intelligent conceptual frametatkintegratesIS, VGI, data
mining and mobile technology to improve the effectiveness of public participation in EIA. The
framework is designed for two intended groups of userscifikens who view the environmental
information, r e v i e wdenify possible altereativesdgrotentianimpantdarsd ,
provide their own feedback to the EIA lead agencydéisionmakerssuch asagency staftvho not
only access all the functionality available to citizebst also have thetask of analyzing and
responding to comments, evaluatingjpct alternatives and consequences, generating status reports
andmaking final decisions oprojecs.

Theframework includs five components: a spatial component, an analysis component, a comment
component, a data mining component and a mobile compomaat first four components are
designed to be accessible to users through a web browser on a personal cangtitermobile
component provides an additional dimension for the public to particthedeigh mobile devices
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Figure 1 shows the concept gberation for the proposeflamework In Figure 1, each green box
represents a component and each pink box represents the output from the corresponding component.

Figure 1. Conceptial frameworkfor SIPPS
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Each component has its unique capabilities:

1 The gatial componentvisualizes the EIA data on a map viewer to assist scoping and planning
anddistributes the EIA geospatial information throug@raphical user interfagg&UI) to improve
public outreachThis component will allow a user to dynamicatigvigate maps, view and toggle
environmental information layers related to an EIA project, locate geographic ofgegtsa
proposed power statipoon the ma@ndreview object attributes (e.g., the height of a power tower)
in a popup window.One of themost critical activities in the EIA scoping phase is to identify
potential alternatives [34]. Adequate consideration of various alternatives can mitigate possible
bi as, i mprove process tr ans pandeantcbyte to a ltaocede a s e
decisionmaking processNith the help of the spatial component, stakeholders will be able to assist
in the identification of potential impacts using feature editing tools and maps from the area (e.g., a
public user may use the tool to draw a newylpote in a different place on the map to indicate
another possible electric power transmission segment that would meet the same purpose and nee
for the TRTP project).

1 The analysis componentsupports planning and discloses furtlh@elligencethat may nb be
otherwise obvious to increase environmental awareiégsanalysis component will enable target
users to perform scena analysisand whatif analysis, weighenvironmental factors for different
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project alternatives and outcomasd contemplate how a selected location they care about is
spatially related to and potentially affected by the proposed EIA actisiligls aghe construction
of power transmissiolines

1 The comment componenprovides a platform for comment collection, i@~ and management.

This component will allow a public user to review existing comments posted by other citizens,
interact with obher usercomments, rate commerdsd post new comments specific to geographic
locations on the mapComments areno longerlimited to text,but can also beusergenerated
contenf such asPDF files, pictures, audio filesr videos tfat can beuploaded to associate with
comments on the maphis component will also facilitate decision makers to categorize comments,
update commerngtatus (e.g.status forsubmitted, reviewedndrespondedomment} respond to
commentsand review the spatial and temporal relationship among comments to obtain a holistic
view. In addition, social media toolé.g, YouTube, Flickrand Twitter) are included in the
comment component to facilitate information sharilgith the increasing influence of VGI,
information from virtual communities and social media networks becomes an important part of
local intelligence and contributes to the aggregatiowed§ maps and usgenerated contenthis

part in the componentill retrieve live feeds that contain keywords about the selected EIA project
from YouTube, Flickrand Twitter and display the feedb/namicallywith their spatial footprirgt

on the map viewe In this way, users can easigcesshe component to discover project events
and activities through social media posts.

1 The data mining componentwill use data mining algorithmsuch asclustering analysis to
support comment analysis. By reviewing the results and graphs generated in data mining, decision
makers will be able to have a better understanding about the-cuiittoe and composition of the
local community, classify diverse armests and concerrasnd identify potential patterns and
underlying issues that may not be easien through pure textual filds. this way,fairness and
trustis enhanced

1 The mobile componentwill engage the public through another dimensidfith the telp of the
mobile component, public users will be able to use a mobile platform to view the proposed EIA
activities, perform basic map navigation, identify geographic objects and their attributes, review
and post commentand associate the usgenerated antentsuch asa mobile picture taken via
their mobile camera to their comments.

4. Prototype Development

Based on the conceptual framework presemte&ection3, a web-based application prototype
systemwas developed as a preof-concept.The development process consisted of two stages: data
collection and processirandapplication implementation.

4.1. Data Collection and Processing

Two types of data were collected in this study: spatial data and public commieatfollowing
spatial data we gathered in the context of the TRTP projbesemaps and demographic digital maps
that cover the project impacted areas, spatial locations of the TRTP power transmission segments an
substations, spatial relahshipssuch ashuffers and viewsheslof the projectactivities in relatn to



ISPRS Int. J. Getnf. 2013 2 487

the surrounding environmerdand other publity available spatial informatiosuch assoil or natural
resources that were identified in the TRTP EIA scoping phase. In this study, the basemaps and
demographic maps were retrieved from the map services posted in ArcGIS Online
(www.arcgisonline.cotmn The TRTP power segments and substationse weanually digitized as
spatial features based on the static maps provided inntaeTRTP ES using Arcinfo 10.0Spatial
relationships were generated based on the power line segments using Arcinfo 10.0 Geoprocessing
toolboxes Raw data of other supporé spatial information were downloaded from publicly accessible
government geospatial data portal$iey were initially in heter@eneousformats andwere then
transformed to a consistent spatial reference such that they can be overlaid and displagty corre
within one single dynamic map viewek.geodatabase was also designed in the study to capture the
functional artifacts, workflowanddataconstraints.

The comment data were obtained from two sources: an Excel spreadsheet containing 233 public
comments with user addressand additionalinformation was obtained from SCiie PDF comment
files were downloaded from the existing TRTP BEMgbsite As previously mentioned, many of the
PDF files listed on the wealie werescanned from handritten physical forms.This makes it difficult
for machines to recognize and for users to revi€w.solve this problem, the comment data were
cleaned, geocodeahdmigrated to the geodatabase designed for this study.

4.2. Application Design and Implementation

During the design of the appation prototype, his study initially createdeveralhigh-level use
cases, sequence diagramsd mockup wireframedor the conceptual framewarkeedback was
collected froma small focus groupand the GUI was refined in several iterative cycles before the
design was finalizedl'he prototype application was eventually implemented using a free JavaScript API
template downloaded from E&rkocal Government Resource Cerftattp://localgovtemptes2.esri.com/
MapsAndApps). Additional technology including ArcGIS Server 10.0 and SQL Server 2008
Standard R2 were utilized for map service publishing and geodatabase configurdthon prototype
application is currently hosted on a virtual machine @taremont Graduate University
(http://134.173.236.123/PublicinfoCenter/default.)tm

For the five components outlined in the conceptual framework, the spatipboent, the comment
componentand the analysis component were instantiated on the applicah user interface
(Figure2 shows the instantiatiorfor eachof then); the data mining componemtas made available
through the backend geodatabase gmoprocessingools; the mobile component was implemented
through a mobile project created in ArcGISMIle 10.0 and configured with the EIA project spatial
data.The wser guide is also available through tiepicon in the application.

5. Evaluation and Survey Design

After the application system was developedh evaluation was conducted to determine if the
expected research goals were achieved. This section addteesegluation criteriathe survey
designanddistribution process.
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Figure 2. Examples of the five components SIPPS (a) Spatial component exampla:
public user can select a basemap (e.g., population density) from six options and review it
with other Environmental Impact Assessment (ElA)project information (b) analysis
component example: a user can view multiple buffggsron the map and click on a location
within the buffer tofind out the distance from proposed project activiti6§ comment
component example: each red circle on the map represents a public cpromEsTt can
click red circles to review the commergabmitted by others(d) commentcomponent
example:a user can submit a new comment withp&ture attachment () comment
component example: relevant live feeds from YouTube, Twétet Flickr are retrieved
dynamically and displayed on the mgf) mobile component example: a public user can
review EIA project data and post comments using a mobile device
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Figure 2. Cont.
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5.1. Evaluation Criteria

The term Apublic participationo has v B5,bdus
theyall touch upon three distincyet interrelated aspects of public rights: (1) the right itdccess to
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informatioro, (2) the right offiparticipation in decisiomakingd and (3) the right offiaccess to
justiced [36]. Evaluation ofthe effectiveness gdublic participatiorcan be difficult. Previoubterature
points out that outcome and evaluation comprise two of the least understood aspects arelf@EES
metrics of PPGIS effectiveness have not been explored extensively by resef@ictigesinitions of
effectivenessalsovary. This study folloved the definition outlined by Del Furia and Wallagenes:
Apubl i c i nvol vement is effective when the go
are s a1 (psA60) e d o

This study considered three aspects wkealuatng the effectiveness othe prototype system:
(2) the effectiveness of the prototype system in engaging public participation compared to the traditional
methodssuch asemail and physical meetingg2) the empowerment capability of the system in
educating the general public and promotingrteevironmental awareneqs) system usability

In selecting the indicators for evaluating the effectiveness of public participation in EIA, this study
considered tlee modeldrom theliterature The first was proposed by Del Furia and Waldoaed1].
The modelsuggested that the indicators chosen to evaluate the effectiveness of public participation in
EIA should be directly observable, objectively measurabtnsist ofevidence indicating that public
participation is pursued towards the goals of understanding the perception of proposed activities and
reaching consensuBour themesvere identified tanfluence the effectiveness of public participation
in EIA: the nature of the public involved, the amount of power the public is attributed in the
decisionmakingprocess by the techniques and methods used, the stage when thésjpuNived in
the procedureand the abilty to manage conflict. The second mod=nsidered by this study is
DeSt ei guer 6s framework that evaluated the effe
process and included empowerment as a major factor in evaluating the effectij@fjesehe
frameworkwas based on four criteriaccessibility fairness, comprehensibilitgnd empowerment.
Thirdly, theanalytical strategic environmental assessni@NSEA) framework was considered by the
study, because it presesd a methodology to evaluate thdecisioamaking process and Isabeen
recognized as a potential paradigm shift thatvedrenvironmental assessments to focus on analyzing
decision processes rather than the environmental consequences of d¢8BjoAENSEA criteria
included comprehensiveness, timelgs transparencyarticipationand credibility [38]. In addition,
since a webbased prototype applicatiowas developed toassessthe concept of the research
framework and was used as a platform to collect user feedbdhk, study also consideresystem
usability as part of the evaluatiasriteria The System Usability Scale (SUS®s selected to evaluate
the usability of the prototype system because it provides aléwgh subjective view of usability and
is often used in comparing and evaluatusgability between systenj89]. SUS generally consists of
ten questions on a Likert scale @é6land generates a single final score on a scalel6f0 The final score
represents theverallusability of a systenrand a higher score usually indicateddyetystem usability.

5.2. Survey Design and Distribution

Based on a combination and transformation of the indicators and evaluation criteria outlined
previously, a survey questionnaire was designed to collect user feedback. The surveg mclude
consent form, a brief introduction about the research objective and the TRTP project backgebund
four major sets of questions. The four question isetsde: (1) Basic demographic information of the
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surveyparticipants which can be used later toadyze user characteristics, background and potential
segmentation(2) A series of scenarios and tasks that comprise the main component of the Thevey
purposeis to help participants understandsystem functionalityand evaluate the system more
accuratey. Each scenario inclugéwo parts: a stepy-steptextdescription of a function in the context
of why it is useful and when it could be used and a diagram that demasieateorkflow for users

to performthe function. After readingachscenario, garticipantwas asked to complete a task related
to their own situation (e.g., seairiciy for a home address) and answaeiew questions to evaluate the
system. A user scenario example is provided in Figu(8) Ten SUS questions to measure system
usabilty. (4) Optional questions thanhay help to improvethe system design in the futur8ubjects
were askedo type text comments on particular functionalttye overalluserexperienceandpotential
improvements that they wouekpectthe system to provide.

Figure 3. An example of auserscenarioin the survey.




