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FOREWORD

On August 7, 2012, FHWA announced that the HPMS is expanding the requirement for State
Departments of TransportatiodQOT$to submit their LR® include all public roads his equirement

will be referred toas theAll Road Network of Linear Referenced DgsRNOLDMany Sates will be
challenged by this requirement, and as such, FHWA has contracted with Applied Geographics, Inc. under
DOTCortract #GS35F0001Pto produce guidance materials to hefpate DOTsmplement ARNOLD.

The project deliverables are listed belgand tasks % represent the specific guidance that is offered to
Sates:

PROJECDELIVERABLES

Task 1 Project Schedul&Vorkplan,Risk Assessment and TFarblsswalk
Task 2 Local Roa@ollection Systematic Approach Report

Task 3LRS Components aBest PracticeReport

Task 4 LRS Temporal Maintenanén Report

Task 5LRS Technical Instructions, Rules and Diagrams tRepor

Task 6 ReferenceManualsummarizingnformation gathered from tasks-2
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A Michael Baker Jr., Inc. (Subcontractor)
A Expert Panel
Mark Sarmienta; FHWA Planning
Mike Neatheryg FHWA Planning
Robert Pollack FHWA Safety
Stuart Thompsomrg FHWA Safety
Maria Chawg FHWA NY Division
Christopher Chang FHWA Office ohfrastructure
Dave Blackstone Ohio DOT
Frank DeSendjPennsylvania DOT
Keith Dotsort Kentucky Transportation
Sharon Hawking Arkansagdighway and Transportation Dagment
James Meyec Arizona DOT
Michele Barneg University of Michigan
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EXECUTIVE SUMMAR

Although a rich body of work coverihinear Referendng Systems [R$and Geographic Information
Systemdor Transportation GIST) has been developed over the past 25 years, there is no national
consensus on LRS processes, data, onbssirule standardgheStudy S| YQ& SELISNASYy OS
Department of TransportatiorD(O7) maintains a local, internal set of LRS rules, specific to their
organization and its business requirementoreover, thoseStates that have begun to expanteir
CGeographic Information Systemsl@networks to encompass the atbads requirements have, in many
cases, merely extended the LRS approach used onStaieroute network, which may or may not be
appropriate for local roads or multimodal applicaie This approach is further complicated by the
functionality of various commercial effie-shelf (COTS) packages, each of which prowdé$erent

level of LRS support.

As a conseqguence of this evolutionary approachnationally endorsed oindustrywide LRS standard
practices or business rules have bedficiallyand universally embrace®ut certainly, there arenany
existing local approaches to various LRS compolesed issues that are satisfactory to meet specific
business needd herefore the ARNOLBReference Manuais to be used as guidancand is not
intended as a strict andnforceablestandard.lts purpose is to report othe common conventions that
can be considered best practicemd to provide guidance for implementation

ThisReferenceManualcoversthe four overarching steps for a statewide -alhds LRS implementation
process, including:

Implementation planning

Data collection and integration
Building the LRS

Ongoing data maintenance

=A =4 =4 =

The contentin thisReferenceManualis based orinterviews with severabtateDOTs and local/regional
agenciesas well agollaboration and discussion with the project expert panel, and is supplemented by
relevant subject matter research, all of whiasultedin four individual reports that aatain the findings
and recommendations of thall Public RoasiGeospatial Representation Study

While the four technical reports are comprehensive and detailed, the main body of this document is
synoptic and is aimed at walking a user through the overall process of planning and developing a
statewide, all roads network that includes LRBis documenhighlights the most important content

! All Road Network of Linear Referenced Data (ARNOLD)
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from the other four technical reports in the context of an overall implementation process workflow,
while also providing echnical Appendicéisat comprise much of the more detailed material that was
developed for tle individual stanéhlone technical reports.

Most importantly, this document provides practical guidance and a h&sfgrence Manudb assist
state DOTSs in moving forward to meet the new Highway Performance Monitoring System (HPMS)
requirements for the sbmittal of complete, all roads inventories and lingaferenced networks for
everyStateand territory. This requirement is known #&RNOLIQ the All Road Network of Linear
Referenced DataARNOLD replaces the previous requirement of only colleEtaigally Aided Route
networks from eacltate

OVERVIEWFRECOMMENDATIONS

Each section in the document contains specific recommendations pertaining to the topic covered in that
section (data collection, maintenance, 6td he followindist represents a overviewof these
recommendations and represents themimt came up repeatedly throughout the Study:

1 Collaboratewith Sakeholders
A Other States, Stateagencies, local agencies, Rgavernmententities, etc
1 MoveToward anEnterprise Approach
A Build itonce, use for many
{1 FindSustainable Practices
A For collection, maintenance, dissemination, etc
1 Expect andManage Change
A Emphasize flexibility and scalability fdata, linearreferencingmethods software etc.
91 Build your LRBicrementally

A Be realistic abat current needs, and allow for the system to grow
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1 INTRODUCTION

1.1 WHY IS AN ALL ROADSUTLOOK IMPORTANT

Geospatial data for transportation is a key data theme within the National Spatial Data Infrastructure
(NSDNThe revision to the HPMfata submittal requirements that now require an "all roads network"
to be providedto U.S DOTemanates from the simple facthat given today's technologyna

transportation challengesll roads datasets araeeded by both the Federal government artide

States. Indeed, manystates had developed and maintained all roatigases long before this
requirement was formalized i8012. Equally, and as documented in theSlUDOT'2011Transportation

for the Natiorf strategic plan both the Federal government ar@tates are already tracking and
managing infrastructure and activity that occur alhroads such adridges and accihts.

In addition, some of the most pressing transportation issues and concgrals as safety, freighaging
infrastructure and traffic managemeremand nationwide data and an all roads outlodke timing is
right for this evolution Thisdocumentaims to provide useful guidance on the planning, decisions and
approaches that will assiSttates in sucessfully meeting the new requirements.

Almost 100 years after the Federal Aid system was put in place through the Federal Aid Road Act of
1916,States andthe Federal government are still working together to improve the transportation
infrastructure of thecountry®. In the early years, activity was focused on planning and constructing a
physical, national highway system based on the individual, yet coordinated, efforts 8fdtes. In the

21st century, with modern technology and the increased use cd daglysis to support planning and
management of the physical infrastructure, effort is focused on building a national road netatarket
that requires the same kind of coordinated work between 8tates and Federal government as

building the roads requed. Indeed, this national road database will be an invaluable tool that will meet
current business needs while also paving the way for future advancements that range from Next
Generation 911 (NG911) and safety innovation to autonomous vehicles.

2SeeTFTN Strategic Plan

% Earl SwiftThe Big Roads: The Untold Story of the Engineers, Visionaries, and Trailblazers who Created the
American Super Highwayldoughton Mifflin Hecourt, Boston, 2011.
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1.2 WHY THEU.S. DOTAND FHWANEEDALL ROADS

Requirements to meet the following business needs are driving the demand-foadl LRS withitne
U.S DOT and FHWA:

9 Certified Public Miles

A All public road centerlines
A Bureau of Indian Affairs (BIA) and Tribal dziions

1 Fiscal Management Information System (FMIS)

A All public roads, including dual carriageways
A Highway project locations
A Bridge project locations

9 Fatal and Serious Injury Crashes

A All public roads, including dual carriageways
A Link to Model Inventory of Ggadway Elements (MIRE) and other safety data

1 Freight

Dual carriageways

Truck network

Traffic volumes and vehicle tracking
Routing topology

> > > >

1 Performance Measures for Safety

A Crash locations by Urban Araad Metropolitan Planning OrganizatioMPO
A Vehicle Mies Travelled (VMT) by Urban Area and MPO

9 Performance Measures for Pavement

A Dual carriageways
A Pavement condition

1.3 WHAT IS THEALL-ROADSGEOSPATIAIREPRESENTATIONTUDY?

Developing and maintaining a statewide, all roads network that includesleR®mplex, technical
endeavor.ThisReference Manuakpresents the findings and guidance, both general and technical, of
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the full All Roads Geospatial Representation Stddhys studyncludedfour individualtechnicalreports
that cover the activitis necessary to realize the ARNOLD vision

Local Road Collection Systematic Approach Report
LRS Components and Best®ices

LRS Temporal dintenancePlan Report

LRSTechnical Instructions, Rules and Diagrams Report

=A =4 =4 =

The Reference Manuas the culmindon and compilation of the work done in these four interim
reports. In addition to the main bodyt tontains aset of TechnicalAppendtescomprisingdetails of the
topics covered throughout the main sectiofiisis assumel that the reader has a generahderstanding
of LRSbut if this is nothe casea basic introduction to LRS can be fouméppendixSectionA.l

This document is organizediound the four key steps ofstatewide all road LRSmplementation
process as follows

Data Ongoing
Collection and Build the LRS Data

Integration (Section 4) Maintenance
(Section 3) (Section 5)

Figurel: All Roads LRS Implementation PreseDiagrant

2 IMPLEMENTATION PLANMWG

2.1 THE OPPORTUNITY TO\WRWEW THE AGENCY OVERALL NETWORKRMRS
DATA MANAGEMENT

It is well understood that the development and maintenance of a statewide, all roads network
containing LR an involved and complex process. It is also understoodstht DOTs may have a

variety of existing road networks and LRS that are in current use throughout the agency. In short, there
may be an existing and complicated data and LRS environmentalitbeyet another road network

and LRS can be viewed as a chore. At the same time, the new ARNOLD requirements provide an

* Applied Geographics, Inc., 2014
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opportunity for the DOT to review the existing data landscape arthtee the ARNOLD requirements
catalyze gurposdul plaming proces that may go beyond simply building a new network, and may
involve a reconsideration of current practic&ptions for approaching ARNOLD development include,
but are not limited to:

9 Building a new network from scratch
1 Adaptingor enhancing an existingetwork
1 Consolidating multiplexisting networks into a single, mufiurpose enterprise resource

Ultimately, the new ARNOLD requirement can be viewed appaortunityandreasonfor a Stateto
review its overalhetwork and LR8ata management approach drio make investments that address
what may be a backlog of known issues and challenges.

2.2 WHAT KIND OF PLANNINGBO WE NEED

Planningprocessesan take a variety of formand written plans can be built to cover various levels of
detail. For example, alpn to build a new singlpurpose ARNOLD network would differ from a plan that
involved consolidating multiple existing LRS into a apuitpose, enérprise dataet that may power a
variety of applications. As such, there is no single way that implementatanning should proceed.
Rather, the most important point is thglanning needs to happerit will then be up to the DOT to
determine the appropriate level of detail and the resources necessary to carry out the planning.

Regardless of the level of detail chosen, the follovistgpresents the most important questions that
any planning process should answer:

What are therequirement® Datasets are not constructed for the sake of creatd@ja; rather the data
are createdo support business requirements and to support planning and decision making. There are at
least two categories of requirements that the ARNOLD data should meet:

A FHWAHPMSsubmittal requirements The HPMS program requires an annual data
submissiorof an al roads network thatamong other things, can be used to validate a
Statés road mileage figure.

A Additional business requirementsAs documented irppendixA.2, LRS are versatile and
can beused to support a wide variety of DOT activities and business fun¢asreeen in
Figure2). These activities range from Transportation Improvement Planning (TIP) to safety
management and crash reporting to asset inventory and management. As DOTs plan
potential expansionsr improvements to the LR® is criticalto fully catalog and
understand all potential uses of the LRS.
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1 Whatroles and responsibilitiesmieed to be

covered?Together a statewide road network
and LRS are a complex database that chang
over time and requires huan resources for
management Additionally, as technology and
software continue to evolve there may be a
concomitant need for technical evolution of
the LRS. As such, planning for the LRS shot
identify the human resource requirements
the "organizationabwners" and other
participants in managing and updating the LF
on an ongoing basis.

Figure2: DOT Business Functions

Is there an establishedhange managemenstrategy?Constructing a statewide network and
LRSs not a ondime activity. Indeed, both the network characterist{esg., additions and
changes in road alignment) and the technologies available for managing, stmthgccessing
LRSbaseddatawill change. As such, change management should begparty implementation
planning exercisewith a focus on:

A Understanding and documenting tligitial changes in current practicehat are necessary
to develop the new, enhanced all roads network and LRS

A Desigring with flexibility in mindso as to accommoda inevitable technological
advancement and change

What are the desired atcomes of plannin@ The planning process will help the organization to
answer key questionand identify the resources that need to bearshaledo complete the

work of developing atatewide, all roads network. Several of the kesueghat the planning
procesawill answer are highlighted in the succeeding sections of this report:

A Identify a data collection approach and procgssluding a repeatable updating process
(Sectiom3)

A Identify the datastructure and underlying softwarer building andstoring the network and
LRS (Sectiof)

A Establish sustainable maintenance processes for keeping the data current and useful to all
stakeholders (Sectidb)

® Applied Geographics, Inc., 2014
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2.3 IMPLEMENTATIONLANNINGBESTPRACTICES

Implementation Planning:
Key Recommendations

Work toward a shared enterprise-wide LRS foundation rather
than proliferate multiple LRS implementations within an agency.

Assume that customer and business requirements will change, as
will technology, so avoid over-modeling

Implement Change Management and communication processes
for LRS implementation and maintenance.

Design flexibility and scalability into the core system so that later
additions can be included as needs arise.

Plan for and implement education and training for both LRS
managers and end users.

Figure3: Implementation PlanningKey Recommendatiorfs

The recommendations below represent a synthesis and encapsulation bé#teractices for
implementation planningyathered through research, interviews, aadalysis.

f Work toward a sharedenterprisewide LRS foundatiom A (G KA y | .Rafherih&n®dé& 5 h ¢
proliferation of different methods of LRS implementation within an agetiheyaltroads
integration requirement is a rare opportunity to not only expahd roadway geometry under
consideration, but also move a DOT towards constructing and utilizing a singlepurptise
network and LRS across the networkis includes developing an improved institutional,
organizational, and procedural context surroumglthe alroads networkg including a shared
LRS foundatiorit should be noted that while moving tosingleLRS may not be feasibitethe
short term, minimizing the number of LRS in use is strongly recommended, and a single network
and LRS should renmea longterm goal.

1 Assume thattustomer and business requirements and technology will chang® avoid over
modelingthe enterprisewide LRS.

6Applied Geographics, Inc., 2014
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A Maintain amodern outlook- embrace change and facilitate adoption
A Monitor and control change to amppropriate degree to ensure the smooth operation of
interdependent systems (see next recommendation).

1 ImplementChange Managemerdnd communication processes for both organizational and
technical components of the LRS implementation and maintenance.

A Prepaing for Change:nclude activities to prepare therganizatiorfor the application of
change management strategies, to enable sponsors to support the change, and to help
architect a higHevel change management strategy.

A Managing Changelnclude thedesign of the change management plans and activities, and
the implementation of those plans throughout the organizatidhese plans will be
customized based on the characteristics of the change and the unique attributies bRS
and related organization

A Reinforcing Changetnclude analysis of the results of the change management activities
and implementation of corrective actionshisphasealso focuses on celebrating early
successes, conducting aftaction reviewsand transferring ownership for eimge
management to the organization.

91 Desigrflexibility and scalabilityinto the core system so that temporal features can be added as
modular extensions of the core system

A Employ a data structure that tracks inventory projects and roadway/route chamgtss
guestions regarding data changes can be answered.

A Recognize that many downstream users and business processes depend AnyLRS.
changes to the LRS will cascade down to them and may have unintended effects.
Understand these relationships during tdesign and development stage.

1 Plan foreducation and trainingon LRS concepts, methods, tools and data objects, for both LRS
maintainers and end users.

A Proactively manage the ARNOLD deployment and manage predictable resistance with
education training, and positive reinforcement.
A Adopt a customer orientation, with awareness and empathy for customer expectations.
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3 DATA COLLECTION

The core difference between the previous HPMS road data submittal requirements and the new
ARNOLD requirements is that tBeéateroad network must now contaiall roadswithin the State not

just the Federally Aidedoutes. Tus, the core challenge for DOE identifying mechanisms and
repeatable processes for collecting the all roads d&tate DOTs are not the only ent#ighat map

roads within aState Other local levels of governmersuch as counties and citiesre also involved in

road data collection and management. In addition, private sector companies collect and sejuhli
road data. As such, there are sifigant opportunities for DOTs toartnerwith other entities to meet

the new requirementsThe following sections lagut two key questions that State DOTs need to answer
as they embark on developing a statewidesralds network.

3.1 How DO WE COLLECTIAROADS ACROSS THEASE?

There are foutlocal roadssupply chaih patternsthat can effectively deliver the information necessary
to build a statewide, aftoad network. While each of these supply chains is feasible, they differ in how
important potentid partnerships are, and also in the level of cash and direct DOT labor that may be
involved. The followingnformation providesanoverview of each of these supply chain patterns.

1. Local government suppsroads data to the State DOThe DOT collects araksembles
centerlinedata from multiplegovernmentalorganizationstypically local and Federal
governments thahavejurisdictional responsibility over some set of roa@sdten, these
organizations have their own geospatial capacity andadieadyusinggeospatial technology to
manage their roadsAt the local government level, these organizations typically include
municipalities and counties. At the Federal level, agencies such asSHeotest Service,
National Park Service, Bureau of Land Manageraadthe Bureau of Indian Affairs have
jurisdiction over the local roads in their geographic domains.
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Federal
Land
Agency

Figure4: Local Governmen®upply Chain Patterh

When this pattern is chosen, the core task is to establish outreach, comatiam@nd
collaboration with various partner§he communication is criticand nontrivial amounts of
effort shouldbe devoted to it so that a regular data exchange between partners occurs.
Nevertheless, collecting data on a regular basis is only #re @t the process. This pattern also
requires that DOTSs establish repeatable processes and workflows for assembling a cohesive
"whole" from the "parts" that are collected from local and Federal partnappendix E

provides detailed guidance ontegrating local datanto a statewide resource through
techniques such as: data profiling; data extraction, transformation and loading (ETL.); edge
matching and the application of new LRS.

Pros:

1 Highest data quality emanates from obtaining data from local sources that know the
landscape best

Cons:
1 StateDOT takes on the burden of data compilation and edgeching

1 Update and maintenance involves mastakeholders

" Applied Geographics, Inc., 2014
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1 Communication and collaboration with local entities, particularly larger counties and
cities, can b difficult

2. Commercial and thiregparty road centerline data supporting a State DOThe thirdparty
entity collects and aggregates road datanfra variety of agencies and makes these data
available to the State DOThis third party may be another government or qugsvernment
agency (e.g., a regionsletropolitan Planning OrganizatioMPO), a State GIS clearinghouse,
State E911 program) or ammercial data supplier (e.g., HERE, TomTwr@oogle)ln
addition, this third party could be a publicly available data source such as OpenStréetMap
(OSM) or a Federal data source, such as the U.S. Census fli#SHR essence, the thigharty
takes on the role of gathering and assembling a statewlatasetfrom a variety of sources that
it chooses.

Figure5: Geodata SupplieBupply Chain Patterii

8 See:Open Street Map website

°’ TIGERtands forTopologicallyintegratedGeographicehcoding andReferencing TIGER products apblished by
the U.SCensus Bureaand containfeatures such as roads, railroadsdrivers, as well as legal and statistical
geographic areasseeU.S. Census Bureau TIGER Products webpage

10Applied Geographics, Inc., 2014
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Currently, severgbtates, including Florida, Illinois, New Yaakd Massachusetthiave
developed relationships with commercial road centerline data suppl@teers, such as
Californiawhichuses TIGER, are using publicly available road data as a compoitent of
statewide, all roads network#n addition, there igprecedent for Federal agencies purchasing
commercially licensed street data, includitg National Geospatidhtelligence Agencifor the
Highway Safety Improvement Prograamdthe U.S. Geological Survdgr The National Map

Pros:
1 TheStatedoes notneed to carry the full costs and business processes associated with
assembling thelataset as the thirdparty takes these on

Cons:
I State DOT does not have control over the data creation

1 When a commercial supplier is involydidensing restrictionsanlimit distribution

3. The State DOT does it afs illustrated in Figure'§ the DOT creates and manages the

statewide, all roaddlata layeron its own irrespective of whetheother agencies are also
managing centerline datdlhe DOT becomes responsible for identifying and accurately mapping
all new roads and other road changes (alignment
names, gtc.). B_ecause tistateis whglly . State DOT
responsible, this method may require considel&
resources for original data collection and mappin ”l'h"::’s“‘
on top of just managing the technical aspects of 1

datasetand LR9n someStates, such as Delaware. ‘/'/' I \\

there is not a choiceas he DOT is administratively

responsible for all public roadis the Stae. g w & & g
Pros: §_ g E -F% §
1 The DOT is in complete control o E" E& =
Cons:
1 Cost can be higher as the DOT takesont._ _

data collection and mapping Figure6: State DOT creates and manages all d&
f vdzt t AGe 2F RFGlF OFy adzZFFSNIJ gAGK2dzi LINB LISNJ f
0 NHzd K¢ GKS RIGFL

4. Hybrid approachGiven the three other patterns, a variety of hybrid approaches can be
pursued. Most typically, the DOT collects as much data as is available and useful from a geodata

" Applied Geographics, Inc., 2014
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supplier (e.g., a regional agency or State GIS clearinghouse) and then fills in egdeas

through its own efforts and by working directly with local and/or Federal government agencies.
In essence, the State DOT can choose one approach whereby it can collect the most data in the
best condition, and then uses additional tactics and effaytsll in gaps or address

shortcomings. Other examples may include a Stk a strong MPO that provides data for the
metropolitan area and then direct outreadb rural counties and Federal agencies for the less
developed parts of th&tate

Geodata
Supplier

Figure7: HybridSupply Chain Patter?

Pros:

1 Blends the benefits of getting data from a strong thirarty aggregatowith having the
DOT remain directly involved in data collection from other partners

Cons:
1 State DOT takes on the bumlef data compilation and edg®atching

1 Update and maintenance involves many stakeholders

12Applied Geographics, Inc., 2014
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3.2 WHAT COMPONENTS WIIOUR BASELINE CENTERE NETWORK

CONTAIN

All road centerline datsets are not equal in their content. Indeed, part of the power of the road
centerline is its versatility and the ability for it to house a wide variety of related information. As
AppendixSectionA.4details,five key classes of informatianay be present in a statewide, all r@ad
network:

1. Road centerlinggeometry

2. Basic roadattributes (e.g., road name)
3. Addressranges?®

4. LR&ontrol

5. Network topologyto allow routing

Figure8 provides details on each of these key classes of information.

Road Basic Road Network/

. ) Address .
Centerline Centerline Ranges LRS Control Linear
Geometry Attributes g Topology

All public and Persistent road ID Right side/left side Linear precision: Common topology

0.001 miles

private highways,
roads and streets

Dual carriageway
representation

Updated/certified
annually

1:5,000 scale

WGS 84
Coordinates

number

Road/street name

Functional Class

Year

State

address ranges

Urban and rural
addresses used for
E911

Centerline Mileage
Begin/ End
accuracy: 0.001
miles

for road network
models (e.g. spatial
analysis, routing)

Figure8: Common Baseline Network Requiremerits

13 Increasingly, address points are being collected foergency dispatch and routing applications, since they
produce more accurate addressatching and geocoding results. If they are available, they are preferred to

address ranges.
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Typically, more basic statewide networks will contain the first three components: geometry, basic
attributes and LRS. More advanced statewide networks will contain all five compoB¢aiss that are
just embarking on their statewide, all roads networkaynthoose to start with a more basic set of three
components. MeanwhileStates that have had their own statewide, all roads networks for some time
and are contemplating the creation of more enterprsgented and multipurpose networks may
choose to purge all five componentgSeeSectionA.4for more on assessing network maturity.)

3.3 DATA COLLECTIONRECOMMENDATIONS

Data Collection:
Key Recommendations

Create a conceptual framework based on supply-chain principles
and best practices.

Reach out to non-DOT suppliers of all-road data, and create true

partnerships for meeting requirements and creating benefits.

Jointly develop repeatable processes and/or systems for data
exchanges.

Be cognizant of the costs to local levels of government and the
burden of, and resistance to, unfunded mandates.

Be aware of and participate in statewide initiatives for geospatial
data sharing in general.

Figure9: Data Collectiorkey Recommendations

The recommendations below represent a synthesis and encapsulation of the findings on best practices
gathered through research, interviews, and analyBieese recommendations provide an overall game
plan for effecive approaches to collecting and integratingrakds data into LRS that can be followed

by State DOTs and FHWA.

1. Create a conceptual framework basedsupply-chain principles and best practices

a. Define primary activities related to collecting and int&img allroads data, and support
activities for a sustainable approach as part of the organizational approach.

!> Applied Geographics, Inc., 2014
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b. Articulate the drivers, facilitators, components, and desired outcomes fo6thtg as well
as for other levels of government and other sesttiat may be stakeholders or part of the
supply chain.

2. Reach out to norDOT suppliers of all roads datand treat them as true partners in meeting
requirements and creating bilateral benefits

a. Make the effort to understand their capabilities and needs.
b. Identify mutually beneficial outcomes.
3. Jointly developepeatable processeand/or systems for data exchange
a. Consider updates more frequently than once per year.
b. Leverage the Internet and Web applications.

4. Be cognizant of the costs to local levelsgdvernmentand the burden of, and resistance, to
unfunded mandates

a. Unlike State DOTSs, not all suppliers of road data areckRIBc. This is especially true for
local governments, and many will not want to change their existing practices, especially if
new requirements are unfunded.

b. The key to a sustainable supply chain of local road data, flowing from local governments to
the State DOT, is to identify the mutually beneficial products of a partnership approach,
and to provide funding for activities thare uniquely required to meet HPMS reporting
requirements.

c. The State DOT also needs to be prepared to add the required-adhlex elements (edge
matching, the addition of LRS, etc.) as a DOT function.

5. Understand relatedtatewide initiatives for geospdal data sharingn general, and participate
as appropriateFor example:

a. A nonDOT government entity, such as tBeate GIS Officr GIG®, may be coordinating
or partnering in the collection and distribution afi-roads data.

b. A nongovernment entity €.g.,commercial daa provider) may be working in collaboration
with a nonrDOT government entity, such as the Department of Public Safety, to collect and
maintain allroadsdata(public and private)

c. Volunteered geographic information (V@Ech as OpeBtreet Map (OSM)may be well
regarded in somé&tates as a legitimate source of-atlads data

'® Geograpic Information Officer
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4 INTEGRATING ALROADS ANBCONSTRUCTING THE LRS

Linear referencing systems are among thest important and complex dasets within a DOT. Thus,
great care needs to be taken in establishing new LRS or enhancing and extending the capabilities of
existing LRS.

This section highlights some of the keghnical aspects djuilding LRSI he table below provides
summarized guidace for these technical details, along with the page numbehe Technical
Appendicesvhere additional background information, details, and diagraans ke found

SUMMARIZED GUIDANBER BUILDING LRS

ROADWAY GEOMETRY SUMRIZED GUIDANCE P

Roadway Segmentation Implement an enterprise approacilowingmultiple business pg51
needsto be met. For example, maintaianintersectionbased
network, and regularly generate the routesed network from it.

Dual Carriageways As defined, anih order to meet ARNOLD requirementsize a pg53
dualcarriageway representation for divided roadways, ideally wi
independent mileage calibratioh

Traffic Circles Model each traffic circle on a cabg-case basis, with the goal of pg58
minimizing segment overlap and route segmentation.

Ramps Define the start aneénd of the ramp as the taper from and to the pg61
mainline.Define deceleratiomndacceleration sectionasLRS
event.

Culde-Sacs and Loops  These roadway elements often have the same stadend point, pg63
which can be problematicfdr i £ S &4 2yS YI 2
software to handle foLRS&pplications The DOT will need to
establish standards for handling them consistently in the statewi
network, taking into account any software limitations.

" As described in the content isppendixSectionB.2 while the recommendation is for the mileage to be
independent, measures on boglides can be relatedoFexampleas a roacchangedrom dividedto undivided
and backa relationship between measures may be appropriate.
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SUMMARIZED GUIDANBER BUILDING LRS

ROADWAWTTRIBUTESUMMARIZED GUIDANCE

Route Events vs. {G2NB | YAYAYdzy aSi 27F &0 lsav: pg66
Segmented Attributes everything else as route events within the LRS.

ARNOLD Schema State DOTSs should maintain or be able to generate the key ARN pg67
fields to meet submission requirements.

Route ID Numbering Define a standardized route identification convention as the pg68
framework for aligning all DOT and local agency roadway asset
data.

Road Naming All roadways should include at least one standardized name. pg69

Roadway naming should also include roadway aliases, historica
names, honorary names, etc.

Multiple Linear Route The GIS network should have the capability to support multiple pg72
Measures LRMs, while standardizirig a single LRNsuch as driven mileag
as the preferred measure

Public vs. Private Althoughthe HPMS only requires the roads that correspond to  pg73
Roadways certified road mileage, State DOTs should include private roads

their network to supporemergencyresponseand safety

considerations

Installation Date and For maximum data evaluation capability, capture and manage b pg74

Inspection/Inventory the construction date and inventory dates.

Date

Addressing For emergency response purposdiscreteaddress point locations pg75
linked to the LR8re preferable to give first responders an exact
location.

LRSMAINTENANCEUMMARIZED GUIDANCE

Metadata Standards for All publishedanddistributed datasets should include standardize« pg77
GIS and Roadways Asse metadata, ideally at both the laydevel and the objeclevel, but at

Data leastat the dataset level.
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SUMMARIZED GUIDANBER BUILDING LRS
LRSVMAINTENANCEUMMARIZED GUIDANI®nNt.) Tech. Appendi

Planned, Destroyed and Include planned, unbuilt facilitieas well as abandoned or pg78
Decommissioned destroyed roadwaysn the dataset.
Roadways

GeoarchivingRoadway  Always geoarchive data when significant updates and changes pg79
Segments occur.

Roadway Data Make data readilyavailable to all users via web services, and pg 80
Distribution and Change develop a consistent change communication mechanism.
Communication

SUMMARIZED GUIDANBER CREATING AN ISRATEBLL ROADSETWORK

Data Collectiorand Create a data inventory, including metadata, of all data sources pg83
Cataloging be integrated.

Data Extraction from To streamline data loading and conflation, create a staging data pg84
Input Sources as needed for the ETL procedmt contains the pertinent subset o

features from eaclsource dataset.

Data Profiling Data should be evaluated for consistency and quality usinga  pg85
combination of automated and manual procedures.

Data Transformation and When loading source data, only minor changes should be made pg85
Loading (e.g., reprojecting data, fixing obvious error$jleally, thesource
data owner would take responsibility for needed data maintenar

EdgeMatching and Match points should be established to all@edgematching and pg 86
Match Points data alignment between neighboriray overlapping transportation
agencies.
LRS and Network Topologyrules andOpen GI€onsortium QGG standards should pg89
Topology be applied to and enforced within the roadway network to ensur.
data quality and stability, as well as to support routing and netw:
analysis.
Output Datasets The network should be built to meet the needs of routing, and tr pg91

be processed tsupportthe needs of LRS.
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Thefollowingsectionprovides some focused and practical guidafaremaking the key decisions
necessary to build a statewide, all roads network of linear referenced data.

4.1 How DO WE CREATE THHIRSTHAT WE NEED

There areseveralkey sets of issuesvith attendant decisions that need to be made:

1. Managing bothsegmentedandroute-basedroad data

Traditionally most GIS road networks are created and maintainegégmented form. That is,

if two linesintersect, each of those lines is brokanthe intersectbn, or segmented. This is

useful since road characteristics can vary from segment to segment (e.g., the number of lanes
changes) and the intersection itseifay havevarious characteristic® record(e.g., ano left

turné restriction). At the same time, most LRS are created and maintain&dute-based

form. That is, each unigue street name is stored as a route that has the complete geometry of
the entire street, from beginning to end and through all intersectidngcally, within LRS,

when two routes intersect, they are not broken into segments.

These two modes of storing road network data have evolved for good rebasad on
different use cases and capabilities. For example:

1 Segmentbased networksupportdetailssuch as onavay streets and turn restrictions
at intersectionsand these characteristiare critical in terms of vehicle routing and
emergency response

Main

Figurel0: SegmentBased Network Diagrar

1 Routebased networks are morgaditional withina DO BRSas they enable roads to
be mileposted, from beginning to enish a continuous fashion.

18 MichaelBakerJr., Inc. 2014
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Figurell: RouteBased Network Diagrar

Each type of network also uses a different approaclsforingattributes. In a segmenbased
network, attributes are stored as database fields associated with each segmentolrea r
based networkattributes are stored asventsthat are measured along the roufeeeAppendix
SectionC.)).

Currently, most DOTrecognizethat both types of networks are valuable and support different
use cases. For example:

1 Segmentbased networks support vehicle routing and are better for sipgome types
of attributes, such aone-way streets

1 Routebased networks support the storage of attributssch as pavement condition,
whichmay cover only a portion of a segmeahd can be used to store point events
(e.g., an accidenthat occur alon@g network

Understanding that DOTs need both types of netwgptke challenge becomes developing a
data maintenance workflow that doefrinvolvethe need to completan edit twice (i.e., once
in the segmenbased network, and again in the rodbased netvark). Thus, theecommended
approachis to mplement an enterpriseoad datasetthat contains both segment geometry and
comprehensive LRS that can meatltiple business need€ne approach for achieving this
would involve the followingsee Figurel5 as well af\ppendixSectionB.1landE.?):

1 Maintain thesegmentbased networkor the base geometry and enter all changes (e.g.,
new roads, realigned roads, etc.) into the segment based network

1 Us geospatial software, ideally automated routinasregularly generate the route
based networlas a derivative of the segment based network

¥ MichaelBakerJr., Inc. 2014
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2. What linear referencing methos) (LRM) will we use? Do we need more than one?

One of the key characteristics of LRS is the ability to sroeasures along the network. A
measure allows locations along the network to be described in a unique way. For example, a
culvert could be described as existi¥gy62 miles from the beginningif Route 49%. This

example uses a specifitinear referencing metha&(LRM) for identifying the location of the
culvert. In this case, the LRMdtbe absolute distance from the start of the raad

There are several different LRM besidabsolute distanes and (AppendixSectionA.3provides
details on the mostommon LRM# use by DO7Js

1 Absolute Distance from the starbf the route segment(e.g, 4.62 miles)

1 Relative Distance from a reference location (e.892 feet frommilepost101 on Route
495)

9 Interpolative: Proportional distance from start of segment (e.g.,BBerceni

1 Addres®s:Can generally be done in twways (see Appendi&ectionC.8for more
details:
0 Address Rangestimated distance baseatldress range of a segment

o Addresdoints; location of an actual, measured addréssation

1 GPS routeMeasural Global Positioning Syste(@P $coordinates are projected onto a
segmentroute in the network

Ideally,the statewide, all roadsietwork should have the ability to support multiple LRMs, while
the DOTstandardizson a singldeRM as the preferrediefaultmeasure(see AppendixSection
C.5. As such, identification of all of the LRMs in use by a DOT, as well as theagoshfly

used ones should be an important aspect of planning the statewide, all roads network
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Multiple Linear Route
Measures (LRMs)

True Distance

@ @
Measures M=1 M=2 M=3 M=4 M=5
Mile-marker Sign ° Y S °® °.
Measures M=1 ‘M=2 - M=3 M=4 M=5
County Alignment . ° o o ®
Measures M=1 M=2 M=0 M=1 M=2

Figure12: Multiple Linear Route Measures Diagrafh

3. How will the LRS handle the most challenging geometric roadway elent@nts

Roadway networks can be extremely complex, and as highway construction and traffic
management techniques continue to evolve they will continue to increase in complexity.

Initially, digital representations of roadway networks, particularly those designédise LRS,

were simplified, schematic representations. That is, every road was represented as a single line,
and every intersection was depicted as a single point/node where two lines intersected.
However, as technology has advanced and as the usesatfaiee roadway data have

broadenedit has become increasingly important to more accurately depict the layout and
alignment of roadway networks.

As more State DOTSs perform work on their road networks to meet the new ARNOLD
requirements it may be appropate to improve and enhance the existing networks to not just
contain all roads, but also to include more accurate roadway configuraendetailed in
SectionsB.2¢ B.50f the Appendix the followingdescribes some of the more challenging road
configurations that need to be modeled to credtee most accurate LRS possible. Properly
handling these situations will help DOTs develop the most,
accurate possible statewide roadway mileage by use of A
their all roads network. :

1 Dual carriagewaysStoredivided roadways as two | ¥
separate segments with each direction having itsg=
own measurements (see AppendigectionB.2. : N oo

2 MichaelBakerJr., Inc, 2014
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91 Traffic circles/rotariesModel each traffic circle on a cabg-case basis, with the goal of
minimizing segment overlap and route segmentat{eae AppendiSectionB.3.

1 Ramps:Modelasa special form of
intersection containing unnamed
segment&’ (see AppendigectionB.4).

9 Culde-Sacs and Loop3hese featurs
often have the same start/end point, which can be problematic for LRS. The DOT will
need to establish standards for handling them consistently irstagewide network
(see AppendixSectionB.5).

4. Creating a seamless networksing elge-matching and match points

Match points (also known as irgeation points, touch pointssmart points,demarcation points,
agreement points, snafp points, join points, etc.) are point locations established within the GIS
to mark the connection point between two (or more) geospatial datasgtese points allow
datasets to be seamlessly joined together without any overlap or gaps (which is essential to
networktopology, as described in the section below).terms of a nationwide ARNOLD,
establishing these points betweereighboring g&tes will be critical in facilitatinthe edge
matchingof data and ultimately stitching together a nationwide roadway dataset.

%2 Graptic by MichaeBakerJr., Inc., 2014
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Source Features Adjacent Features
(in map sheet 1) (in map sheet 2)

b o e = = o = =

Figurel3: Edge Matching Scenarits

If match points to facilitate data integration have been agreed upon aBStia¢eor local levels,
they should be usedf they do not exist, then a set of recommended points should be
presented to the affected jurisdictions for negotiation and agreemeéptdback and
adjustments should be allowed for, and incorporated into an agiggoh Statewide Match
PointLayer(see AppendiE.5for more detail)

4.2 WHAT TOOLS DO WE NEHD CONSTRUCT AND MAITAINLRS?

The geospatial software industrypoth for computeraided design (CAD) and geographic information
systems (GIS)as consistently advanced the toolsets that are availableléoeloping managingand
maintainingboth linear networks and LRIB.short, a variety of commercial, dffe-shelf (COTS)
software solutiongan provide the tools a State DOT needs, and most of these can be extended with
customization for particular situations in a giveState

The followinglist provides an overview of the core software capabilities that are necessary for the
construction and maintenance of a séatide, all road network and LRS:
1. Constructing andMaintaining the Centerline

9 Geometric editing of the centerline da: Havingthe core capabilities to create and edit
data and to maintain network topologgnsuresthat new roads can be added, obsolete

% See: EsrArcGIS Resources, About Edgematching
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featurescan beremoved (and archivedand network connectivity and attributesn be
properly maintained.

Data import/export from/to common, standard formatsThese tools are particularly
important when the chosen supply chain involves the collection and integration of data
from partners and other third parties.

Extract, transform and load (ETL)hese tools are also particularly important in the
process of integrating data obtained from multiple sources into a single statewide
dataset The ETL process may involve taking data from one format and running it
through conversion routines that preparefor loading into anothedataset in another
format.

Conflation Thisfeature involvesthe ability totransferthe geometry and/or attributes
from onedatasetto another, includng edgematching functionality.

Multi -user editing and versioningGiven thesize of statewide networks, i highly

desirable to have a software environment that enables multiple people to edit the same
network simultaneously When this takes place, advanced features such as feature
locking and data versioning (i.e., the abitiiytrack and manipulate multiple versions of
the samedatase) become increasingly important.

2. Applying andMaintaining the LRS

T

LRM calibration The baseline geometry of networks can change over time, or wholesale
improvementscanoccur in response to an event such as a new flyover. When the
underlying geometry changes, tools are necessang-calibratethe LRM to the new
geometry ando allowfixed assets, such as milepogtsmaintain their positions.

Applying an LRMThis caphility involvestakinga baseline geometric network and
apphingthe LRM so that it can calculate, hoyaadmaintain measureébased values

Storage of, and access tmeasurebased information Once the LRM is applied, the
software needs to be able to hise derivativalatases/features that ardbased on
measurements. Typically, these additional features are stored as "events" that
reference the LRS. Thus, a user can access and manigataset of "accidents" or
"culverts" or "pavement conditions" basexh their measured values.

3. Publication andSharing of LR®ata

1 Ability to publish web servicedncreasingly, routine end user access to data of all

types, including LRS and derivative measures, is via web brévased applications,
including access on rbde devicesAs such, it is important that the chosen software
environmentis able to publish the data as web servitkat can be consumed by
browser-based applicationsnobile applicationsandby many desktop geospatial
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environments. For greatest flexibility, the publication environments should support
open geospatial standards such as the Web Map Séh(M&vS) from the Open
Geospatial Consortiuffi

Programmatic access to LRS via ARlke web servicegpplicationProgramming
Interfaces (APIs) are an important tool for making LRS and mebasgesl data
accessible through web browser and mobile applications. Unlike web senwvitiet
provide access toaw data, an API can provide tools to manipulate and query tite,d
thus providing expanded capabilities to application developers.

Download of LRS informatiarPublic availability of road network and LRS data is
important, and DOTs should anticipate creating a capability for public download, or
adding road centerlinand LRS data to existing download capabiliszeadly speaking,

the download capability can be considered an extension of the process of providing the
final data products to the HPMS program.

Ultimately, building and maintaining a statewide, all r@aktwork isan involved processAs described
above, a variety of tools are required to perform the three core functions of centerline creation and
maintenance, application and management of the &8 the publication and use of LRS and measure
data. Whilesome toolsets may be able to meet all of the requirements of State DOTSs, it is feasible and
can be beneficial to combine tools to credtsest of breed solutions. For example, some tools are

highly specialized for activities such as ETL oregformarce web publicationand other tools are

tightly focused orthe maintenance and management of L% measure data.

% 5ee0Open Geospatial Consortium, Web Map Service

% seeOpen Geospatial Consortium Standards
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4.3 RECOMMENDATIONBEORBUILDING THELRS

Building the LRS:
Key Recommendations

Build an LRS Incrementally as it must be developed with greater
care and accuracy than almost any other data within a DOT.

Give proper consideration to specialized roadway elements, such
as dual carriageways, ramps and traffic circles.

Focus on interoperability in an LRS by identifying a subset of
permissible and interoperable LRM and software options.

When making LRS software decisions, take current business
processes and workflows into consideration.

When measuring mileage, actual driven measures are more
accurate than calculated measures

Figure14: Building the LR&ey Recommendatiorf$

The recommendations below represent a synthesis and encapsulation of the LRS best practices gathered
through research, interviews, and analysis.

1 Build LR$hcrementally. Due to its foundational nature, the albads LRS must be developed
with greater careand accuracy than almost any other data within a Dyactically speaking,
the magnitude of this effort may be somewhat mitigated using an incremental approach.
Ideally, the initial design would outline the ultimate LRS configuration, which would then be
incrementally achieved using a series of intermediate proj&gigen the alfoads HPMS
reporting deadline, an incremental strategy may be a practical necessity.

1 Give proper consideration to specialized roadway elemergach aglual carriagewaystraffic
circles andramps For example:

A Dualcarriagewaysnecessitate two or more sets of linework to adequately represent the
roadway geometryAs defined, and in order to meet ARNOLD requiremeriize a dual
carriageway representation for divided maays, ideally with independent mileage
calibration.

% Applied Geographics, Inc., 2014
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A Traffic circlesshould be represented in a way that matches their (idee smaller, local road
traffic circles are bestodeled in a simple wayargerand more complex traffic circles may
requirea moredetailed linework representatian

A Definingrampscan be a challenge due to th@imbiguousnature. Define the start anénd
of the ramp as the taper from and to the mainlirigefine deceleratiomndacceleration
sectionsasLRS everst

9 Focus on interopeaability when implementing LR8nd LRMIt is not advisable thaBtateall-
roads LRS efforts perpetuatiee non-interoperablesilosof the past.

A One way to achieve improved interoperability is to have a smaller number of permissible
LRMs.
A Interoperability is key, in terms of both the LRMs and the software tools.

9 Current business rules are a key driver of LRS softwhRSoftware choices within an agency
are typically driven by existing practicasd workflows.

A Whenever possible, pursuefware and technology choices that match the existing
practices of the organization.

A It can be easier to implement a new technology than to alter an established business
practice within a large agency.

1 When measuring mileagactual driven measureghat account for elevation and other
variability in roadways are more accurate than calculated meas@iase mileage is certified
for HPMS reporting purposes, thisais important consideation in terms of verification.

All Public Road Geospatial Representation Study ARNOLD Reference Manual
Page30 DOT Contract #G¥%F0001P
September 2014



5 ONGOING DATA MAINTEANMCE

As describd above, statewide, all road networks are inherently complex to create and are vital to State
DOTs for a wide variety of business purposes. This innate complexity carries over to the maintenance
activity, especially since physical roads are in a constate of change based on new construction and
development. Thus, it is critically important that building the statewide, all roads network amtbtRS

be considered a ond¢ime task. Rather, regular maintenance and updateed to be considered a
fundamental part of an overall statewide, all roads data program.

5.1 WE'VE SPENT ALL THISFERT BUILDING |THOW DO WE KEEP IT
CURREN?

There areat leastthree components to a statewide, all road network and |48 each of thes may
change thus, some level of updating attentiois required for each component, including

1 Thebaselinecenterline geometry

1 Routesystemtopologiesthat may be derived from the segmented centerline

1 Multiple LRS/LRNhat are applied to the route syste, and measured features derived from the
LRS

And, here arefour keyconsiderations wheplanning for or developing a program foRSnaintenance:

1. ldentify actions/activities that trigger a need fomaintenance

First,external eventsemanaingfrom the DOT or from other roaluilding authorities in the
Statemayprompt a need for LRS amtenance Theseeventsinclude:

New road constructiotvy the DOT or a local authority

Construction that impacts alignment/roadway geometry

= = =4

Roadway name changes
9 Otherattribute changes (speed limit, number of lanes, etc.)
Secondjnternal DOTeventsmay prompt LRS maintenance, including:
1 Improved base map accuracy (e.g., through a new flyover that alomse accurate
representation of the linear geometry)
1 Improved geometry (e.g., adding duedrriageway representation)

1 Routine error identification and correctisiased on user reports
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The external events typically involve "featurefegture” maintenance to make sure individual
changes are represented in the mairk. The internal events may involve wholesale changes
that impact the entiredatasetor large pieces of isuch as improving the geometry for all
divided highways.

2. EstablishLRS maintenanckest practices

It is strongly recommended that DOTSs pursuesaterprise approactto their centerline and

LRS data development and management. To the extent practical, DOTs are well served by
moving to a single (or reduced numbej ofulti-purpose, enterprise road centerline and LRS.
Indeed, itisin the maintenance process where the largest payoff to this approach is realized. If
done properly, when roads change, that chamgk only needto be recordedoncein the

enterprise roaddataset Otherwise, that change would need to be repeated in eafamultiple

road centerlines and LRS.

Turn & Flow
Restrictions Routing and
Geometry Mavigation
Address Points

Network Routes

Tepalim Linear

Events Referencing
Or Segment Attributes

Figurel5: Enterprise LRS Maintenance (base geometry supporting multiple business éases)

Asdiscussed itvectiond.1of this document as well as #ectionsB.1andE.7of the Technical
Appendces the ultimate goal is to maintain a single geeiny that supportamultiple business
cases (i.e. navigation/routing, as well as DOT/L&S)epicted irFigurel5, node and segment
geometry areneeded forthe creaton and maintenancef a roadway networke.g, adding new
routes or new alignmentsYhis geometry, along with its network topolg@an be combined
with turn and flow restrictionandaddress points to satisfputing andnavigation use cases
Similarly LRS routes can be derived frohe same updatedoadway geometry and network

%" Applied Geographics, Inc., 2014
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topology. Thes@mewly derivedoutescan satisfy linear referencing use casdgen combined
with point and line events along the LRS

Under all maintenance scenariotid a best practice to record and maintain metadata that
describes the origins and maintenance history of the road network. As described in Appendix
D.1 it is optimal ifMetadata Standardsre followed. Best practices imply that all
published/distributed datasets should include&andardizednetadata, ideally at both the layer
level and the object level (e.g., individual road features within thasiet).

3. Emphasize allaboration with stakeholdersand data suppliers

As described throughout this report, there are two key kinds of collaborators:

1. Collaborators who contribute data to the statewide, all roads network as part of the
supply chain

2. Endusers both inside and outside of the DOMat utilize the LRS but may not be
directly involved in its development, management and update

It is critical br the first group of "supply chain collaboratgrgo continue to remain involved in
the updating procesas part of the supply chaiby providingdata onthe new and newly
aligned roads within their jurisdiction. Achieving tgmalwill require clear communication and
ongoing outreach for data exchanges.

For the second group of "business user collaborgtarseeds to be ecognizel that many
downstream users and business procesmesiependnt on LRSMany types of changes to the
LRSascade down toitem and may have unintended imgta(e.g., calculated measures may
need to be recalculatedif alignmentsare changell These kinds of relationships need to be well
undersibod, and once agajmegular and active communication to the user communmnityst
occurwhen updatesare made

4. Datadistribution and changecommunication

As detailed irAppendixD.4 it is important to make data readily available to all users via web
services, andb develop a consistent change communication mechaniditimately, one of the
major benefits of web services is that changes are automatically pushed to all users of the
service. In other words, the end user does not need to do anything special to access the latest
data. While it remains important to suppaatdownload capability, one shortcoming is that
usersneed to remembeto periodically download the latest data that reflects changes.
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There arehree important best practices fotharge communication:

1. Establish aeadily accessiblehange logo allow uses to review and understanithe
changeghat have been made. Users who require download would review the change
log to determine when downloading a new copy of the data is beneficial.

2. Establish a means to collect and tratlange requests from userdlitimately, the
regular users of the data are in the best position to detect errors or inaccuracids
they should be encouragedd report what they find so that those issues can be
addressed in future update cycles.

3. Proactivelynotify users when changes occtw enhance awareness.

5.2 MANAGINGTEMPORALITY WITHIN EHLRS

Temporality involves notions of timén the LRS contexthis mears storing information about roadway
characteristics over time as part of the databaState DOTSs routinely face questions abmads that
involve a time elementExamples of these questions include the following

1 Where are all the accidents within this construction boundary that occurred during the
construction periodrom June 2012 through October 2013?

1 Where arethe locationsof all the accidentshat occurred after the construction project was
completed in February 20147

1 Where are all theeurrentroad closures and temporary detours? What roads were closed on
December 15, 20127

1 What was the Annual Average Daily Traffic (AADTthfs route in 20107

1 What was the total statewide road mileage in 2012? In 2013?

UnlikeSection5.1, whichdescribes technigues and activities faanagingchange within the LRS itself
such as data updates and accuracy improvemeaataporal LR&wolves techniques fdrackingand
archivng changes within the physical road systeassiepided by the centerline network and LRSr
example, roadways may lganned under construction in use ordemolishedat different points in
time. Poutes may beenamed reclassified or transferredto other jurisdictionsover time. Pavement
and bridgesnay have differentondition indicesas theyweardown over time and are refurbished or
replaced.

As such, it is key that the planning and development of a statewide, all road network consider how
temporal changes can be stored and managgw following kinds of DOT programs require temporal
information:
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Travel demanddrecasting

Highway planning

Assettracking and management

Construction project ranagement

Rightof-way (ROW) and property acquisitiand dsposal
Crash reporting and safety analysis

=4 =4 =4 4 -4 =4

When planning the LRBis important to design flexibility and scalability into the systamthat
complex data, such as temporally based informatcan be added over time and as the LRS mates
detailed in AppendixSectionC.7 the most basistorage oftemporal data carinvolve adding
appropriate attribute tables and fields to the segmérasal road network suchfields could include

1 Construction date
1 Inspection date(s)
1 Maintenance date(s)

As detailedn AppendixSectiondD.2andD.3 more advanced incarnatiorsf temporal data storage
include:

Geometric features foplannedd A ®S @3 & LJddsi®yped andidbiBnimisiosed
roadwaysin the statewide, all road networkThese features should be readifientifiable
through their attributes ana@ouldbe eitherincluded or filtered outdepending on use.

1 5S @St 2 LIY §egaiichi\g &f the road network and LRBat would enableusers to go back
in timeto view the entiredatasetas it existegoreviously Typically, geazhives are created by
taking snapshatof the road geometryand associatetlR®n a regular basiénonthly,
guarterly, annualy, etc.) and then storingnd providing access them. A comprehensive
geoarchive over an extended period of time would enable the DOT to build an animation that
showsthe development and evolution of the entire road network.
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5.3 LRSMAINTENANCHRECOMMENDATIONS

Figurel6: LRS Maintenance Key Recommendatiths

The recommendations below represent a synthesis and encapsulation of the LRS maintenance best
practices gathered through research, interviews, and analysis.

1 Recognize thamnany downstream users ahbusiness processes depend on LRSy changes
to the LRS will cascade down to them and may have unintended effadutgrstand these
relationships during the design and development stage.

1 Determinemaintenance responsibilitiegnternal to the enterpriseOften, although not always,
enterprise LR&aintenance responsibilities are assignedhe group responsible for base
mapping maintenance.

1 Considedata sharing and inteigovernmental collaboratioron LRS maintenance activities.
Although the road systerohanges every yeathe workload for LRS madanance is not uniform
statewide.

A Almost allLRSnaintenance(new or realigned roads3 driven bychanges tdocal roads and
minor collectorsn the system.

8 pppliedGeographics, Inc., 2014
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