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Dear Colleague:

The Federal Highway Administration’s (FHWA) Office of Planning, Environment, and Realty,
and Office of Operations, and the American Association of State Highway Officials (AASHTO)
have developed this primer on Statewide Opportunities for Linking Planning and Operations.
This primer is intended to raise the awareness of the benefits and opportunities for coordinating
planning and operations activities within State Departments of Transportation (DOT). The intent
of this document is to start the necessary conversations between DOT Planning and Operations
staff, but also becomes a useful resource when searching for informative material on the subject.
I think you will find the Quick Reference guide located in Section 1 to be especially useful. The
Quick Reference details the current catalog of material on linking planning and operations. It is
the intent of FHWA to keep this Quick Reference updated and accessible via the Internet
through the Planning for Operations Website (www.plan4operations.dot.gov). There will be
additional material on this subject provided on the website soon.

I am pleased to have chaired the AASHTO panel that advised the consultant team that developed
the primer. I would like to thank the panel members for their time and input into the process.
Our panel consisted of representatives from both the Subcommittee of System Operations and
Management (SSOM) and the Standing Committee on Planning (SCOP), including:

From SSOM: From SCOP:

Larry Orcutt - Chair, Caltrans Scott Bennett, Arkansas DOT
Richard Arnebeck, Minnesota DOT Dale Buskirk, Arizona DOT
Michael Floberg, Kansas DOT Gerald Ross, Georgia DOT

R. Craig Reed, Pennsylvania DOT Machelle Watkins, Missouri DOT

Connie Sorrell, Virginia DOT

I have enjoyed working with this panel and the consulting team. I hope that you find this
material useful in your daily work and that you will continue to work to link transportation
operations and planning functions.

Sincerely,

Lavnence H.Onerat

LAWRENCE H. ORCUTT

Division Chief

Division of Research and Innovation
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“Caltrans improves mobility across California”







Foreword

NOTICE

This document is disseminated under the sponsorship of the U.S. Department of
Transportation in the interest of information exchange. The U.S. Government
assumes no liability for the use of the information contained in this document.
This report does not constitute a standard, specification, or regulation.

The U.S. Government does not endorse products or manufacturers. Trademarks
or manufacturers’ names may appear in this report only because they are consid-
ered essential to the objective of the document.

QUALITY ASSURANCE STATEMENT

The Federal Highway Administration (FHWA) provides high-quality information
to serve Government, industry, and the public in a manner that promotes public
understanding. Standards and policies are used to ensure and maximize the
quality, objectivity, utility, and integrity of its information. FHWA periodically
reviews quality issues and adjusts its programs and processes to ensure contin-
uous quality improvement.
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Statewide Opportunities For Linking Planning and Operations

1.0 Background and Purpose

Former NJDOT Commissioner Frank ]J. Wilson once stated that “transportation
defines a civilization; it gives value to time, quality to life and energy to the
economy”. If true, a State’s ability to manage the condition, efficiency, and per-
formance of its transportation system directly affects the overall well-being and
economic viability of the State. State Departments of Transportation (DOTs) are
the primary state agency responsible for planning and programming mobility
needs, as well as constructing, managing, and operating the statewide transporta-
tion system. Historically, short term needs and maintenance of transportation
facilities has been the responsibility of State DOT operations departments, while
long-term planning and capital programming has been the responsibility of State
DOT planning departments. And in many DOTs these two departments have
operated independently of one another, with limited interaction or overlap.

Traditionally, State DOTs have concentrated on mitigating recurring congestion by
removing bottlenecks and improving poor signal timing. Often viewed exclusively
as a big city problem, congestion reduction was achieved by increasing system
capacity to meet demand. Building new roadways or adding additional lane miles
is an accepted practice; one that focuses on the long-range planning process and
requires major financial investments. However, the source of congestion in the
United States is increasingly related to non-recurring forms of congestion, such as
traffic incidents, work zones, bad weather, and special events (Figure 1.1).
Although non-recurring congestion is a regular phenomenon, it is often inefficient,
impractical, or counterproductive to apply standard capacity additions to these
types of problems. As a result, new approaches and relationships are necessary to
effectively diminish congestion and enhance mobility.

Cambridge Systematics, Inc. 1-1
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Figure 1.1  Sources of Congestion: National Summary'
Special Events/Other (5%)

Poor Signal Timing (5%

Bad Weather (15% Bottlenecks (40%)

Work Zones (10%)

Traffic Incidents (25%)

Responding to the challenges and impacts of non-recurring congestion requires
cooperation among practitioners within different divisions of a state DOT and
among Federal, State, regional, and local levels. Creating and sustaining linkages
between planning and operations staff can help State DOTs to efficiently manage
congestion. Resource limitations both in terms of funding and available land for
new infrastructure investment, require that planning and operations staff focus on
the efficient use of the transportation system.

State DOTs play a significant role in both planning and operating the transporta-
tion infrastructure, but most of the available reference materials that address
linking planning and operations have been targeted towards the regional or met-
ropolitan planning organization (MPO) level. To address this deficiency, the
Federal Highway Administration (FHWA) has developed this primer for State
DOT planning and operations staff to document the benefits of and the means to
facilitate a cooperative relationship between State DOT planning and operations
divisions.

1.1 WHAT 1S THE PURPOSE OF THIS PRIMER?

This primer is designed to raise awareness of the benefits and opportunities for
coordinating planning and operations activities within State DOTs, targeted at mid-
level DOT planning and operations staff. To achieve this goal, the primer provides
the following information:

! Traffic Congestion and Reliability: Linking Solutions to Problems, FHWA (July 2004).

1-2 Cambridge Systematics, Inc.
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* Descriptions of the relevance of planning to operations and operations to plan-
ning (Section 1.2);

* Organization of the current set of materials, projects, and documentation asso-
ciated with the topic of linking planning and operations (Section 1.3);

e Identification of gaps and opportunities for linking planning and operations at
state DOTs (Section 1.4);

* Description of steps that DOTs can take to better link planning and operations
in several key areas, highlighted by case studies of State DOTs that have
worked towards linking planning and operations (Section 2.0); and

* A self assessment questionnaire that State DOT planning and operational staff
can use to help them understand how well they are linking planning and oper-
ations (Section 3.0).

WHY LINK PLANNING AND OPERATIONS AT STATE
DOTS?

What value does linking planning and operations at State DOTs provide? This fun-
damental question must be answered before providing guidance on how to make
those linkages. Linking planning and operations can improve transportation deci-
sion making and the effectiveness of transportation systems by helping planners
and operators consider the full range of relevant strategies to address regional
goals and objectives. For state DOTs, linking planning and operations within the
agency can also benefit the DOT’s relationship with regional and local partners and
help DOTs better partner with those agencies to identify the appropriate solutions
to specific transportation problems.

This section highlights the roles of planning and operations staff, the benefits of
linking their functions for each, and the benefits for transportation system users.

Role and Benefits for Planning within State DOT's

Planning at the statewide level involves setting goals and objectives for the agency;
identifying multimodal needs and deficiencies in the transportation system;
scoping projects or strategies to address the needs and deficiencies; evaluating
projects or alternatives; estimating the costs for the projects and strategies; priori-
tizing the potential projects and strategies to best meet the State’s needs over the
short- and long-range; and in some cases congestion or performance monitoring.
These are incorporated into several different planning efforts including statewide
long-range transportation plans (LRTPs), Statewide Transportation Improvement
Programs (STIPs), corridor or modal plans/studies (e.g., transit plans, corridor
studies, ITS strategic plans, congestion management process (CMP), etc.), and con-
gestion/ performance monitoring.

* Statewide Long Range Transportation Plan. This plan is used by most States to
identify the long range (20 to 30 year) goals, objectives, and priorities of the

Cambridge Systematics, Inc. 1-3
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agency and, in some cases, to identify funding levels for specific programs and
projects. The State’s long range transportation plan is one of the key opportu-
nities for integration with operations, whether through identifying goals and
objectives that address system management and operations, data sharing
opportunities, identifying operational needs or strategies, identifying funding
opportunities for ITS or operations, or other means.

e Statewide Transportation Improvement Program (STIP). A STIP is a finan-

cially constrained plan of scoped
projects that are scheduled for imple-
mentation by a certain horizon year.
The Safe Accountable Flexible Efficient
Transportation Equity Act - A Legacy
for Users (SAFETEA-LU), the most
recent reauthorization of the nation’s
surface transportation program, now
requires that the STIP must be updated
at least every four years.? STIPs vary
from state to state in coverage, but typ-
ically they identify the Ilevel of
investment in specific projects and pro-
grams. Some States have begun to
more closely link their STIP to their
long range plans. The STIP represents
an area of potential linkage between
planning and operations. A few States
have identified specific ITS and opera-
tions projects, strategies, or programs
within their STIP.

Corridor/Regional/Modal  Studies.
Most State DOTs conduct studies ori-
ented towards specific corridors,
regions, or modes. Linking planning
and operations in this context typically
includes addressing operational and
intelligent transportation systems (ITS)
solutions for a corridor or mode
through its own ITS strategic plans or
system management plans. These
studies are often conducted by regional
or metropolitan planning organizations

Linking Planning and Operations -
An Exercise

Raising awareness of the benefits of
linking planning and operations
requires open communication and
understanding between departmental
divisions. To help build this under-
standing, State DOTs can encourage
interaction between planning and
operations divisions staff.

A simple mean to improve connec-
tions is to sponsor a get-together for
personnel from the two divisions to
help both managerial and line staff
meet and understand what their col-
leagues do. At the meeting, staff from
each division should participate in an
exercise where they identify the roles
and responsibilities of the members of
the other division. Based on that, a
discussion of how the two divisions
help each other can be conducted, fol-
lowing the key linkage areas
presented in this primer.

An exchange such as this offers both
parties an opportunity to understand
possible connections between depart-
mental  activities and  most
importantly to open a dialog that
establishes a connection between
planning and operations depart-
ments.

as well; though State DOTs tend to lead these studies for non-metro areas.

These plans sometimes include an ITS or system management alternative, and

2 The Safe Accountable Flexible Efficient Transportation Equity Act - A Legacy for Users
(SAFETEA-LU), 23CFR450.216(a).

1-4
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in some cases integrate ITS or operational strategies within other traditional
improvements as part of an alternative.

e Congestion/Performance Monitoring. Some planning groups at State DOTs
are responsible for monitoring the performance of the transportation system, at
the system, project, and/or program level. The assessments are used to eval-
uate performance (e.g., congestion, safety, accessibility, etc.) and provide input
to make policy, process, procedure, and program improvements. Much of this
performance monitoring is dependent on or can benefit from data that are col-
lected and maintained by the operations groups.

For planners, collaboration with operators can:

* Foster greater consideration of day-to-day transportation system operations in
developing transportation goals, objectives, and priorities;

* Help planners better understand how operational strategies can meet regional
transportation goals and objectives;

* Support more comprehensive analysis of issues such as reliability, security, and
safety that are difficult to address solely with traditional infrastructure invest-
ments;

* Provide access to system-wide, 24-hour travel data that can help characterize
system performance and travel conditions, identify critical transportation
needs, and prioritize funding; and

* Provide operations data and expertise to improve forecasts of future condi-
tions, broaden the understanding of existing conditions, and analyze the
effectiveness of alternative investments.

Role and Benefits for Operations within State DOT's

Operations is the active day-to-day management of the existing transportation
system. Itachieves its objectives through a customer focused approach that utilizes
operations data collection, analytical tools, and performance measures to continu-
ously monitor and optimize the operation and safety of the transportation system.

Operations activities are frequently grouped organizationally with maintenance
activities. Maintenance activities typically include the daily upkeep and repair of
the transportation assets, such as minor repairs to roads and bridges (crack sealing,
pothole filling, etc.), responding to emergency repairs and incidents, snow and ice
removal, and related concerns. Operational activities maintain the transportation
system by managing the daily movement and flow of vehicles through the use of
incident management systems, ITS technologies (such as ramp metering, signal
timing optimization, message board and 511 crash/information notification sys-
tems), and related efforts.

Operations personnel have a solid foundation of data collection technologies and
capabilities, as well as a working understanding of the day-to-day issues and con-
dition of the transportation system.

Cambridge Systematics, Inc. 1-5
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For operators, collaboration and coordination with planners can:

Provide increased opportunities and incentives for getting involved in the
planning process, thereby helping to shape system goals and objectives;

Clarify the role of operations in meeting the region’s transportation vision and
goals and direct attention to the value of M&O strategies;

Help operators have a greater understanding of how the long-range planning
process can support M&O activities and how M&O activities fit into the con-
text of regional goals and objectives.

Provide regional leadership and greater participation by stakeholders in
regional M&O efforts;

Increase resources assigned to operations projects and programs.

Benefits for System Users

Ultimately, greater coordination and collaboration among planners and operators
improves transportation decision making and benefits the traveling public, busi-
nesses, and communities.

For system users, collaboration and coordination of planners and operators will
allow for:

Improved ability to address short- and long-term needs—Improved traffic
operations information and understanding can help planners better predict
future conditions and system improvements. It can also bring attention to oper-
ational improvements that can be implemented in a shorter time frame than
traditional infrastructure investments. This will lead to a more effective mix of
operational, capital, safety, maintenance, and preservation investments.

Improved reliability — Travelers and freight shippers are increasingly sensitive
to unanticipated disruptions to tightly scheduled personal activities and man-
ufacturing supply-chain processes. Yet trip times have become increasingly
unpredictable due to the growth in non-recurring congestion —unexpected or
unusual congestion caused by accidents, inclement weather, special events, or
construction. Growth in overall traffic volumes often means that even small
disruptions can have a significant ripple effect on transportation system per-
formance over a broad geographic area. Today, non-recurring congestion
accounts for about half of all travel delay. The planning process typically deals
with ongoing or predictable congestion issues, and traditional infrastructure
investments that do not address the disruptions that are the source of non-
recurrent congestion. Stronger connections between planners and operators
help planners consider programs and strategies to improve reliability, such as
deployment technologies to rapidly detect incidents; variable message signs
and other approaches for providing quick, reliable traffic information to the
public and media outlets; and use of roving incident response teams to quickly
clear accidents to open up a roadways for full operation.

1-6
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* Improved emergency preparedness—Coordination between planning and
operations reinforces efforts ensure emergency preparedness and transporta-
tion security. Regional operations planning and flexibility a critical element of
a secure transportation system. States and regions that advance operational
flexibility in their planning and investment prioritization are building their
capacity to address the myriad of emergency and security situations that could
arise. addition, sources of funding may be available specifically for activities
that support transportation security and emergency preparedness, which can
be used to support transportation M&O objectives.

QuicK REFERENCE/LINKING PLANNING AND
OPERATIONS

Linking planning and operations functions at State DOTs can help optimize trans-
portation system performance by making better use of data and analytical tools
and improving the overall understanding of the role of operations activities rela-
tive to other congestion mitigation strategies. Coordination between State DOT
planning and operations divisions provides a unique outlet to exchange informa-
tion and ideas about the same system, but from differing perspectives. Working
together helps both parties productively achieve organizational goals such as
reducing congestion on the transportation system.

In recent years, the topic of linking planning and operations has received signifi-
cant attention. The FHWA reference guide Getting More by Working Together -
Opportunities for Linking Planning and Operations was developed to address
these issues at the regional level. Although most of the relevant literature to date
has focused on linkages at the regional or metropolitan planning organization
level, some resources have relevance to both regional and statewide levels. This
primer uses the following five linkage opportunity categories both to organize pre-
vious and ongoing efforts in the area of linking planning and operations and to
describe best practices for linking planning and operations at State DOTs:

* Data, Analysis Tools, and Performance Measures;
* Operations in Transportation Plans and Corridor Studies;

* Institutional (Coordination, Partnerships, Training, Organization, and
Education);

* Regional Considerations; and
* Regulation and Policy.

Developing strategies to link planning and operations within State DOTSs requires
a solid foundation and understanding of current practices and techniques utilized
by planning and operations professionals. To facilitate this effort, a “quick refer-
ence” of recent and current research publications was developed (Figure 1.2) and
cross referenced with the five linkage categories outlined above. The reference
material is divided into “primary” resources, those resources directly targeted to

Cambridge Systematics, Inc. 1-7
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the category, and “secondary” resources, resources that are associated with the cat-
egory. The graphic provides a high level summary of the substantial number of
published and ongoing research efforts related to the topic of linking planning and
operations.

The quick reference illustrates the association between primary and secondary
documentation within each of the five linkage opportunities relevant to State
DOTs. This reference also serves to guide users to documentation relevant to their
needs. The reference section of this document (Section 4.0) provides a short nar-
rative of each document in the quick reference along with a recent web-address
(when available) for the document.

1-8 Cambridge Systematics, Inc.



"OUT “S01pLUdISAS a8pLiquivy)

“Jaquinu uonealgnd Jo yuijgam 88s ‘ajgejieAe pue paysiignd I JusWnooq X8| ¥oeg

‘JuswidojaAsp Japun Jo/pue pases|al Jou AUsaLng Si JuswWNI0( 18] Pay

Aoy

¢/G€-8 d4HON-OLHSVYV
‘Juswdojanaq

weiboid uoneyodsuel |
ojul suonesadQ pue
juswabeue buiweasisuie

AYVANODJ3S

G00Z ‘Y MH4 ‘sauoz yiom
10} sue|d Juswabeue|y

uonjeyodsues |
Bunpuswajdw
pue fuidojanaq

G00Z ‘£-0C d¥HON

‘s]1 0@ 91e)S Ul suoljesadQ
swoa)sAg Buiwealsysule |y
:ue|d ssaulsng
£00-80-dOH-Y MHA4
‘yooqgaping suofjesadQ
pue juswabeue|
800-80-dOH-Y MHA4
}00g8pIng $5890id
juswabeueypy uonsabuon

AUVINIYd

Kaijod pue uone|nbay

burobuo

‘78-€0 dYHON ‘@ping
suoneladQ aje)s-nnpy
bujobuo ‘v MHH
‘anjeniul juswabeuepy
Jopliiog pajeibajul

buiobuo ‘Y MH4

‘9 Yo - suonessdQ

10) Bujuueld yooqpueH
Soaulbuz oyjel] 31|
£00-80-dOH-V MH4
‘yoogaping suopneladQ
pue juswabeuep

A¥VANODJ3S

/00T dunr ‘zz1-20-dOH-Y MH4
‘suoljesadQ uoljeyodsues)

1o} 1dsouo) |euoibay

burobuo ‘Y MHH ‘9 49

- suoljesadQ 4oy buruue|d
yooqpueH sJesuibuz oyjes] 31|

buiobuo ‘Y MH4
‘buluue|d ul suoijeiad( sauBApPY

0] S[00 SIsAjeuy Buisix3 jo asn

7002 'Y MH4 “48yiebo]
Bupyiop Aq asop Buieo

AYVANODJ3S

£00¢ aunp

‘CC1-L0-dOH-V MHA4
suolnjesadQ uoneyuodsuel |

1o} }dsouo) |euoibey
7002 'Y MH4 1oyjabol
Buiyiop Aq 1o Buieg
AYVINIYd

suoljelapisuo)
Jeuoibay

bujobuo ‘//-0z JYHON
(OLHSVYV) yomaueiq bujurel|
suopjesadQ uoljejiodsued |
¢/5€-8 J4HON-OLHSYVY
‘Juswdojanaq weisboid
uoneyodsues] ojul suoiesadQ
pue juswabeueyy buiweassuiep
buobuo ‘38-¢0 dIHIN

‘eping suojeiad ojejs-iInp
burobuo 'y MHL ‘oAieRIU|
Juswebeueyy Jopliio) pejelbajul

Buiobuo ‘¥ MH4

‘s10(@ @ieys Joj - /00 dunp
‘abueyoxe-18ad suoneiadQ
pue Buiuue|d Buneuipioo)

AUYVNIYd
nneziuebiQ ‘buruies |
‘sdiysiaujied ‘uoljeuipioos
= |euonniisuj

burobuo

‘v8-£0 dYHON ‘@pIn9
suoneiadQ ajejs-ninp
b6urobuo ‘Y MH4
‘buiuuejdq ur suoneradQ
90UBADY 0} S|00
sisAjeuy bunsix3 jo asn
burobuo ‘VMH4
‘aAjeniul juswabeuepy
J0pliioy pajelbajul

VY MH4 ‘'s10Q 9)els 40} -
/002 aunr ‘ebueyox3-189d

900¢ ‘G600

-3 01 g¥1 ‘sednoeld
}sag pue ‘saiiunyoddQ
‘spaaN Buikynuspi
:suoneolddy Buluue|d
1o} ey suonjeladQ
7002 'V MH4 ‘4ayebo|
Buryiop Aq 1oy Bumeg

£00-80-dOH-V MH4
‘yoogaping suoljeiadQ
pue juswabeuey

AYVANODJ3S

burobuo ‘Y mMHH
‘annjeniuj juswabeuepy
Jopliio) pejesbajul
burobuo ‘Y MH4 ‘9 4o

- suoljesadQ 10§
buiuue|d yooqpueH
sJeauibug oyjed] 31|
7002 ‘Y MH4 “Jeyiebo]
Bunyiom Aq siop Bunje

AYVANODJ3S

Burobuo ‘Y MH4 ‘9 4o
- suonelssdQ

1oj buruued yooqpuep
sJeoulbuz oyjes] 31|

AYVINIYd
salpn}g J0pliioY
|sue|d uoljeyiodsuels |
ui suonjelradQ

9007 ‘G600-3 0L 941
‘s901j0eld }S9g pue
‘saljlunjoddQ

‘spaaN bBuikyruapi
:suoneoddy bujuueld
1o} e}eq suonesadQ
burobuo ‘YMHA
‘bujuue|d uj suonjeladQ
99UBAPY 0] S[00]
sisAjeuy buisix3 jo asn
¥002 ‘Y MH4

X0Q|00 | SISAleuy oljel]

£00T ‘89-€0 d¥HON
JusWalInsealy 9ouUBWIONad

Kemoaald aA08) 3
0] ¥00gaping

AYVINIYd

sjoo] sisAjeuy ‘ejeq
‘sainsea|\ asuew.iopiad

salohajeq joafoad

aouaiajay suoljesadQ J0j Buluued apimaje}s

sealy AjunpoddQ abexyur] ulyyip s921nosay A3y 0) aoudIdRY YIIND

suoyviadQ) puv Surmup]g Sunyur 104 saiuniioddo apimajvyg
______________________________________________________________________________________________________________________________________________________|

Z'| ainbi4




Statewide Opportunities For Linking Planning and Operations

14

IDENTIFIED GAPS FOR STATE DOTS

This section identifies potential gaps in communication or intra-departmental
coordination that may impede linking planning and operations. For each of the
five linkage areas identified in the quick reference, potential information gaps or
coordination opportunities are defined. Chapter 2 will investigate these gaps and
identify resources to improve linkages between planning and operations. Case
studies showcase specific lessons learned by DOTs attempting to address these

gaps.

Data, Analysis Tools, and Performance Measures

Performance measures are recognized as having increased importance by State
DOTs. With increased availability of data to support measures, agencies can better
assess and respond to customer needs. Operational staff can collect significant
data that may benefit the agency as a whole, but the data collected by operations
personnel are not typically used in the traditional planning process. The following
questions may help State DOTs address gaps associated with performance meas-
ures, data, and analysis tools:

* How can DOT staff become better acquainted with operations data and its pos-
sible uses and limitations?

* How can DOTs work better both within the organization and with regional
partners to archive, manage, and share data?

* What types of performance measures and analysis tools can be used to capture
the effects of operational strategies not captured using traditional planning
methods and tools (e.g., non-recurring delay and safety)?

* What planning analysis tools can benefit from operations data?

Operations in Transportation Plans and Corridor Studies

Transportation plans, corridor studies, and similar planning efforts provide key
resources to formally capture the link between planning and operations. These
studies are the substance of planning activities and present opportunities to engage
in the other linkage areas identified in this primer. Operations data tailored or
readily adapted to meet the needs of planning studies may greatly assist in devel-
oping planning studies that account for improved operations strategies. The
following questions may help State DOTs address gaps associated with the inte-
gration of operations in transportation plans and corridor studies:

* How can operations be integrated into long range transportation plans,
regional plans, or corridor studies that serve as a blueprint for future State
transportation investments?

* How do current federal requirements impact a planner’s ability to utilize oper-
ations data in planning studies and are methods available to tailor or adapt the
data to meet the needs of planning studies?

1-10
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* How can staff from different parts of the transportation organization contribute
and support the development of the long range plan, corridor studies and other
planning studies at the DOT?

Institutional (Coordination, Partnerships, Training, Organization,
and Education)

The strength and potency of institutional structures are often an overlooked stum-
bling block that can make or break the ability to link planning and operations
activities. The following questions may help State DOTs address gaps associated
with institutional barriers expressed by State DOT officials:

*  Who are the primary stakeholders within a given organization or for a partic-
ular project or program? How do stakeholders differ from decision makers?

*  When are formal memoranda of understanding (MOU) needed?

e How often and in what form should communications occur between stake-
holders within a region?

* Do opportunities exist to inform and educate decision makers and how do they
occur?

* How can education and training improve an understanding of planning and
operations activities and reduce barriers that hinder the exchange of ideas?

* Are there processes, arrangements, or established practices available to assist in
developing partnerships to manage cross-jurisdictional projects?

* Are there any formal or informal forums or programs available within the
organization that promote communication between departments?

Regional Considerations

The transportation problems faced by State DOTs transcend physical and political
boundaries that govern the management and operation of the transportation
system. As a result, increasing coordination and cooperation with regional part-
ners and neighboring States can help maximize performance and efficiency. The
following questions may help State DOTs address gaps associated with regional
considerations:

* How can State DOTs improve their understanding and management of trans-
portation issues experienced in urban, rural, and transitional areas?

* What programs or organizations are available to help manage inter-state issues
or projects?

* What benefits have been observed by bringing together the relevant parties to
develop multi-state solutions?

* How can State DOTs look at statewide issues within a regional context and
plan beyond one’s jurisdictional boundaries?

Cambridge Systematics, Inc. 1-11
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Regulation and Policy

Regulation and policy define State DOT areas of responsibility. Yet regulation and
policy may limit an agency’s ability to try new approaches or techniques, even
when the result may be improved efficiency and performance. The following
questions may help State DOTs address gaps associated with regulation and

policy:
* How can operational activities, which are often fiscally constrained, be linked
to other programming activities within State DOT transportation budgets?

* How can support from the top be developed within State DOTs both organiza-
tionally and fiscally?

* How can an agency alter its strategic direction to improve support of opera-
tions activities?

* How does committing additional staffing and funding resource to operations
and management activities improve the performance of the transportation
infrastructure and the statewide transportation system as a whole?

1-12 Cambridge Systematics, Inc.
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2.0 Opportunities for Linking
Planning and Operations

The central purpose of this guidebook is to provide a primer to State DOT manage-
ment and staff seeking to improve the linkages between their planning and
operations functions. This chapter provides guidance on steps DOTs can take to
create and improve these linkages as well as examples of DOTs and other trans-
portation agencies that have successfully implemented some of the strategies
outlined in this guidebook.

The guidance provided in this chapter is organized around the five linkage areas
presented in Chapter 1:

e Data, Analysis Tools, and Performance Measures;
* Operations in Transportation Plans and Corridor Studies;

e Institutional (Coordination, Partnerships, Training, Organization, and
Education);

e Regional Considerations; and
* Regulation and Policy.

Each section opens with a description of what it means to link planning and oper-
ations in that area. Then, guidance is provided to help DOTs begin the effort to link
planning and operations; sustain that linkage through changes in staff, investment
cycles, and others; and provide challenges and opportunities that DOTs face when
attempting to link planning and operations. Each of the five sections of this chapter
is organized around those three key themes - beginning linkages, sustaining link-
ages, challenges and opportunities.

The guidance provided in this chapter is intended to be valuable for any DOT
attempting to link planning and operations. Many DOTs will have begun making
linkages within some areas, but will find other linkage areas useful. DOTs that
have begun making linkages across the board should find the information on sus-
taining linkages to be especially relevant.

2.1 DATA, ANALYSIS TOOLS, AND PERFORMANCE
MEASURES

Data, analysis tools, and performance measures are three of the most significant
areas for linking planning and operations, and are cited by DOTs as the most
common issues and challenges for mainstreaming operations. Performance meas-
ures, data, and analysis tools are grouped together because they build upon one
another to form a coherent whole. Data provides the backbone for improving link-

Cambridge Systematics, Inc. 2-1
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ages between planning and operations. Planners and operation personnel often
use different data for related purposes (e.g., identifying what areas are congested).
Operations staff typically are responsible for the short term or day-to-day func-
tions - if there is an incident, what can we do to provide travelers information,
divert traffic, or reduce response and clearance times. Planners are responsible for
developing long term plans and programs to accommodate mobility needs within
the community. Similar or the same data can support both purposes and an effi-
ciently integrated data collection and management program can help ensure that
everyone has access to the data that they need and in the form they need it.

Analysis tools are vital to develop objective assessments of transportation invest-
ments and performance. Analysis tools produce more realistic results when they
are built on quality data and take into account the full range of potential strategies
(capacity expansion, operations, transit, etc.). States can use analytic tools to con-
duct program-level tradeoffs (e.g.,, what happens if more money is spent on
operations or on capacity expansion), or to analyze how integrating capacity
expansion and operational improvements can improve system-wide performance.

Performance measures are a key mean for decision makers to understand the
impacts of their decisions. High quality analysis tools and data are needed to
develop meaningful performance measures. Performance measures help identify
the benefits of applying different strategies to the transportation system. Once
projects are built or deployed, performance measures can be used again to assess
the effectiveness of the strategies.

2-2 Cambridge Systematics, Inc.
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Data

Creating and Beginning Linkages

A peer exchange held in May, 2005 on Operations Data for Planning Applications®
identified the following steps for linking operations data and transportation plan-
ning:

Make a case for the benefits of using operations data for planning applica-
tions and performance measures. Benefits include: optimization of operations
and maintenance activities; travel and simulation model validation; managing
congestion; emergency preparedness; air quality non-attainment; performance
measurement; congestion relief; traveler information; data collection safety;
and expanded understanding of traffic conditions (non-recurring congestion).
Planning, performance measure, and other data needs should be compared to

available operations data.

Bring all stakeholders in early in the process.

Develop a relationship between opera-
tions staff and planning staff (and data
and performance measures staff). Create
a task force, committee, or project team
composed of operations staff, planners,
and data experts; define agency-office
roles and responsibilities; and identify
the varying needs and similarities
between operations and planning offices.

Develop a Data Plan. Document the col-
lection of data elements, from planning
and from operations, and opportunities
to integrate the data.

Identify where data will be stored,
maintained, and distributed from.

Address data issues. Improve the
quality, coverage, and compatibility of
data collection efforts; explore data part-
nerships (e.g., local agencies, universities,
research entities, private sector); evaluate
new data sources; and develop software
tools to address archiving, analysis, and
data compatibility.

Georgia DOT Data Sharing

The Georgia DOT has a comprehen-
sive approach to transportation data
collection, management, and
sharing.

On the operations side, Traffic
Management Center staff recently
developed a set of data validation
checks and a quality assurance plan
to smooth raw data gaps and
increase the overall quality of data
to levels satisfactory for other uses
beyond operations, including plan-
ning. Planning staff now make use
of these data in their studies.

Similarly, Operations staff has been
using statewide ATR data main-
tained by the planning group to
plan for hurricane evacuations,
using real-time count data along
identified hurricane routes.

* http:/ /onlinepubs.trb.org/onlinepubs/ circulars/ec095.pdf.

Cambridge Systematics, Inc.
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Recognize rural versus urban data considerations. Data needs, availability,
equipment and tools, stakeholders, sharing opportunities, etc. may vary for
urban versus rural areas. These need to be recognized, identified, considered,

and addressed.

Identify a champion within the agency or decision-making body.

Develop training on the benefits, roles and responsibilities, data sources and

issues.

Start small. Establishing an operations data program is a long-term process.
DOTs may likely want to start with a common data item, such as traffic count
and speed data, and expand to other areas as appropriate.

Sustaining Data Linkages

Some considerations for sustaining operations data linkages with planning at the
State level include:

Maintain the relationship between
operations and planning staff (and data
and performance measures staff).
Continue regular meetings of the task
force, committee, or project team com-
posed of operations staff, planners, and
data experts; review and refine agency-
office roles and responsibilities and
needs; and reassess coordination and
data sharing opportunities.

Maintain and update training. Staff
changes and new data collection and
management technologies require
ongoing training to ensure that DOT
staff are aware of and able to use the best
available data for their analysis.

Monitor and address data issues.
Regularly monitor and assess data
quality, coverage, collection, sources,
tools, and compatibility issues. Critical
to this step is regular maintenance of
data collection equipment.

Recognize data collection resource
requirements. There are on-going needs
for resources to collect, maintain, and
report on data. These needs include the
funding necessary to support such
efforts along with the staff and capabili-
ties to maintain data collection and
reporting programs.

Caltrans Traffic Analysis Tools

The California DOT (Caltrans) has
long used and promoted traffic
analysis tools, performance meas-
ures, and data for operations
planning. Caltrans uses tools of sev-
eral types (sketch-planning, travel
demand modeling, HCM-based,
signal optimization, and simula-
tion). The range of tools used by
Caltrans helps to ensure that the
transportation  solutions  that
Caltrans” selects have a sound
objective basis.

Caltrans, working with the
University of California at Berkeley
and related institutions, has devel-
oped a real time performance
measurement system (PeMS) for
freeways. The system provides real
time freeway performance informa-
tion and can perform detailed quick
response analysis on historical
freeway performance, primarily
through data obtained from detec-
tors. This system is the foundation
for development of Corridor
System Management Plans. More
information is available from
https:/ /pems.eecs.berkeley.edu/.

2-4
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Analysis Tools

Creating and Beginning Linkages

A second key to linking planning and operations is through the development and
use of traffic analysis tools that capture the benefits of different types of transporta-
tion strategies. Traffic analysis tools function better and produce more realistic
results when they are built on quality data. In addition, analysis tools or methods
that take into account the full range of potential strategies (capacity expansion,
operations, transit, demand management, etc.) will help improve decision making
and conducted program-level tradeoffs (i.e., what happens if more money is spent
on operations or on capacity expansion). Unfortunately, most transportation
analysis tools and methods are not typically sensitive to many of the benefits
derived from operational improvements, particularly planning models. For
instance, current planning practices do not typically recognize non-recurring delay
or its causes (e.g., traffic incidents, workzones, bad weather, special events, etc.),
which is estimated to represent approximately 50 to 60 percent of the total delay.
FHWA'’s ITS Deployment Analysis System (IDAS) is one tool that does capture
non-recurring delay and there are several efforts ongoing and planned to improve
existing planning and operations analysis tools to address operational strategies
and/or non-recurring congestion (e.g., Strategic Highway Research Program
(SHRP 2)). Some transportation professionals are implementing innovative
methods using existing tools to analyze operational strategies and/or estimate
non-recurring delay.

U.S. DOT ITS Cost / Benefit Databases

The Intelligent Transportation Systems Joint Program Office (ITS JPO) of the U.S.
Department of Transportation (U.S. DOT) has established several user-friendly data-
bases that provide a national resource to support informed decision-making by
transportation leaders. The databases include:

e The ITS Costs Database can be used to support project cost estimation during plan-
ning or preliminary design, and for policy studies and cost-benefit analysis. Both
non-recurring (capital) and recurring (operating and maintenance) costs are pro-
vided where possible. www.itscosts.its.dot.gov;

e The ITS Benefits Database documents findings from ITS deployment evaluations on
the effect of ITS on transportation systems performance and provides convenient
access to typical benefits of ITS deployments. www.itsbenefits.its.dot.gov;

e The Deployment Statistics Database contains national survey data that tracks the
level of deployment of ITS technology in metropolitan and rural areas. www.itsde-
ployment.its.dot.gov; and

e The Lessons Learned Database captures the experiences of stakeholders in their
planning, deployment, operations, maintenance, and evaluation of ITS. www.its-
lessons.its.dot.gov.

Cambridge Systematics, Inc. 2-5
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One critical step in linking planning and operations is the selection of the appro-
priate traffic analysis tool(s), taking into account the analysis need (e.g., deficiency
analysis, alternatives analysis, performance monitoring, etc.), characteristics (facil-
ities, modes, strategies, traveler responses, performance measures), and resource
requirements (cost, staffing, schedule, data needs, tool knowledge). Multiple tools
may be needed for a particular effort. Operations and planning staff who may be
involved with selecting or using analysis tools should work together to select the
appropriate tool for the task at hand. This activity should involve planning staff
educating operations staff on the methods and tools used for planning purposes,
and operations staff educating planning staff on the methods and tools used for
operations, as appropriate.

Table 2.1 identifies analysis tools and methods that may support operational
analysis within typical transportation planning efforts. Detailed information on
tool selection, a decision support methodology, and the use of various types of
traffic analysis tools are provided in the FHWA'’s Traffic Analysis Toolbox.* For
example, the tool box provides guidance on which categories of tools are most
appropriate for analyzing operational strategies such as freeway management sys-
tems (e.g., ramp metering), arterial management systems, incident management,
work zones, traveler information, etc. The categories of tools include:

* Sketch-planning methodologies and tools produce general order-of-magni-
tude estimates of travel demand and traffic operations in response to
transportation improvements. Sketch-planning tools perform some or all of
the functions of other analytical tools using simplified analytical techniques
and highly aggregated data. Sketch-planning approaches are typically the sim-
plest and least costly of the traffic analysis techniques, but are usually limited
in scope, analytical robustness, and presentation capabilities.

* Travel demand models have specific analytical capabilities, such as the predic-
tion of travel demand and the consideration of destination choice, mode choice,
time-of-day travel choice, and route choice, and the representation of traffic
flow in the highway network. These are mathematical models that forecast
future travel demand based on current conditions and future projections of
household and employment characteristics. Travel demand models were orig-
inally developed to determine the benefits and impact of major highway
improvements in metropolitan areas, but not to evaluate travel management
strategies, such as intelligent transportation systems (ITS)/operational strate-
gies. Travel demand models only have limited capabilities to accurately
estimate changes in operational characteristics (such as speed, delay, and
queuing) resulting from implementation of ITS/operational strategies. These
inadequacies generally occur because of the poor representation of the
dynamic nature of traffic in travel demand models.

* http:/ /www.ops.thwa.dot.gov/ trafficanalysistools/ toolbox.htm.
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* Most analytical/deterministic tools implement the procedures of the Highway
Capacity Manual (HCM). The HCM procedures are closed-form (a practitioner
inputs data and parameters and, after a sequence of analytical steps, the HCM
procedures produce a single answer), macroscopic (input and output deal with
average performance during a 15-minute or a 1-hour analytical period), deter-
ministic (any given set of inputs will always yield the same answer), and static
(they predict average operating conditions over a fixed time period and do not
deal with transitions in operations from one system state to another). These
tools quickly predict capacity, density, speed, delay, and queuing on a variety
of transportation facilities and are validated with field data, laboratory test
beds, or small-scale experiments. Analytical/deterministic tools are good for
analyzing the performance of isolated or small-scale transportation facilities;
however, they are limited in their ability to analyze network or system effects.

* Traffic optimization tool methodologies are mostly based on the HCM proce-
dures. However, traffic optimization tools are primarily designed to develop
optimal signal phasings and timing plans for isolated signal intersections, arte-
rial streets, or signal networks. This may include capacity calculations; cycle
length; splits optimization, including left turns; and coordination/ offset plans.
Some optimization tools can also be used for optimizing ramp metering rates
for freeway ramp control. More advanced traffic optimization tools are capable
of modeling actuated and semi-actuated traffic signals, with or without signal
coordination.

* Macroscopic simulation models are based on the deterministic relationships of
the flow, speed, and density of the traffic stream. The simulation in a macro-
scopic model takes place on a section-by-section basis rather than by tracking
individual vehicles. Macroscopic simulation models were originally developed
to model traffic in distinct transportation subnetworks, such as freeways, corri-
dors (including freeways and parallel arterials), surface-street grid networks,
and rural highways. They consider platoons of vehicles and simulate traffic
flow in brief time increments. Macroscopic simulation models operate on the
basis of aggregate speed/volume and demand/capacity relationships.
Macroscopic models have considerably fewer demanding computer require-
ments than microscopic models (discussed below). They cannot, however,
analyze transportation improvements in as much detail as microscopic models,
and do not consider trip generation, trip distribution, and mode choice in their
evaluation of changes in transportation systems.

* Mesoscopic models combine the properties of both microscopic (discussed
below) and macroscopic simulation models. As in microscopic models, the
unit of traffic flow for mesoscopic models is the individual vehicle and it
assigns vehicle types and driver behavior, as well as their relationships with
roadway characteristics. Their movement, however, follows the approach of
macroscopic models and is governed by the average speed on the travel link.
Mesoscopic model travel prediction takes place on an aggregate level and does
not consider dynamic speed/volume relationships. As such, mesoscopic
models provide less fidelity than microsimulation tools, but are superior to
typical planning analysis techniques.

Cambridge Systematics, Inc. 2-7
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Microscopic simulation models simulate the movement of individual vehicles
based on car-following and lane-changing theories. Typically, vehicles enter a
transportation network using a statistical distribution of arrivals (a stochastic
process) and are tracked through the network over brief time intervals (e.g., 1
second or a fraction of a second). Upon entry, each vehicle is assigned a desti-
nation, a vehicle type, and a driver type. In many microscopic simulation
models, the traffic operational characteristics of each vehicle are influenced by
vertical grade, horizontal curvature, and superelevation, based on relation-
ships developed in prior research. Computer time and storage requirements
for microscopic models are significant, usually limiting the network size and
the number of simulation runs that can be completed.

The most widely available and used form of archived data are from traffic sur-
veillance equipment on freeways, typically volumes, speeds, and lane
occupancies from point-based detectors, spaced anywhere from one-third to
one mile. Use of additional forms of archived data such as travel times derived
from probe vehicles, cell phone tracking, and toll tags or safety data is still in
its infancy. Even in areas where freeway traffic surveillance data are available,
many agencies do not take advantage of the data collected and stored by traffic
management centers. Often the data are not formally managed in a data
archive because the processing, analysis, resource, and training/education
requirements are lacking. Archived data can be used for analysis tool inputs;
calibrating/validating operations and planning analysis tools; reporting con-
gestion performance trends; analyzing existing conditions; real-time traveler
information; and strategy evaluation.

Many of these tools can be used to develop performance measures for com-
paring and prioritizing investment strategies and communicating the benefits
to decision-makers. Unfortunately, traditional planning methods are not typi-
cally sensitive to many of the benefits derived from operational improvements
(e.g., reduction in non-recurring delay and crashes) and the use of operations-
oriented performance measures is not widespread. With the exception of the
sketch planning tools that were designed specifically to assess ITS and opera-
tional impacts (e.g., IDAS) and some simulation tools, existing models are
limited to studying operational treatments that improve base capacity (e.g.,
ramp meters, signal timing). However, over time more agencies are recog-
nizing the need to expand the performance measures used to evaluate
transportation investments, and are incorporating more operations-oriented
measures into their planning process.

2-8
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Table 2.1 Transportation Planning Needs and Operational Analysis Tools

Transportation Planning Needs Operational Analysis Tools/Methods

Needs assessments/deficiency analysis + Travel demand forecasting models
+ Deterministic models
« Traffic signal optimization tools
+ Simulation
+ Archived operations data

+ Operations-oriented performance metrics

Preliminary screening assessments + Sketch planning tools

Alternatives analysis + Sketch planning tools
+ Travel demand forecasting models

+ Simulation

Strategic ITS planning + Sketch planning tools

+ Travel demand forecasting models

Project scoring/ranking/prioritizing + Travel demand forecasting models
+ Deterministic models

+ Operations-oriented performance metrics

Corridor and environmental analysis + Deterministic models
+ Travel demand forecasting models
+ Traffic signal optimization tools

+ Simulation

Planning for non-recurring congestion + Sketch planning tools
+ Travel demand forecasting models

¢ Simulation

Performance monitoring + Deterministic models
+ Traffic signal optimization tools
+ Archived operations data

+ Operations-oriented performance metrics

Evaluations of deployed projects + Sketch planning tools
+ Travel demand forecasting models
* Archived operations data

¢ Operations-oriented performance metrics

Source: Improving the Application of Existing Methods to Advance Transportation Operations, FHWA (esti-
mated August 2008).
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Sustaining Tool Linkages

Sustaining the operations and planning link through analysis tools involves con-
tinuous assessment of the most appropriate traffic analysis tool(s) for each new
effort at hand. Several steps can be taken to help sustain these linkages:

e Start small. Initial efforts to develop tools for planning analysis may want to
focus on a particular corridor to highlight the usefulness of these tools or to test
different approaches. As a DOT settles on an approach, the use of these tools
can be expanded to other corridors or used broadly for all state analysis.

*  Work to enhance existing tools. The tools and methods that DOTs are using to
capture operational strategies will require regular enhancement as a DOTs
understanding of the potential for operational strategies improves. Most traffic
analysis tools are enhanced over time to provide additional capabilities based
on user needs.

* Participate in research efforts. Research provides opportunities to improve the
manner in which existing planning and operations analysis tools and methods
are applied. Research efforts are conducted by USDOT; the Transportation
Research Board through the SHRP, National Cooperative Highway Research
Program (NCHRP), and other related programs; American Association of State
Highway and Transportation Officials (AASHTO), and others.

e Conduct training exercises. Training on the use of the tools and methods is
vital to ensure that staff understand their use and are able to produce valid
results.

Performance Measures

Creating and Beginning Linkages

Performance measures are another critical component for linking planning and
operations. Performance measures can be used to help assess current and future
conditions, compare potential transportation strategies, allocate resources, and
monitor the effectiveness of transportation improvements. In addition, they are
invaluable when presenting information to decision-makers and the public.

Developing, implementing, and evaluating performance measures involves many
of the same considerations as operations data discussed previously. Performance
measures need to effectively capture the impacts of operational or ITS strategies on
system reliability and safety. State DOTs need to collaborate with all necessary
stakeholders in developing performance measures or performance measures pro-
grams. Operations and planning staff often develop separate performance
measurement programs with little or no coordination or consistency. The devel-
opment of performance measures should include planning and operations staff,
and policy-makers to ensure that capacity based analysis is supplemented with
considerations of reliability and safety measures.

2-10 Cambridge Systematics, Inc.
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Several efforts have been performed or are currently underway containing infor-
mation and recommendations on developing a performance measurement system.
From those efforts, some of the key steps for developing performance measures
that more effectively link planning and operations include:

Include operational considerations in vision, goals, and objectives. If the
State’s vision, goals, and objectives include operational considerations (e.g.,
provide a safe and reliable transportation system), operations-oriented per-
formance measures (e.g., crashes, travel time reliability or variability, etc.) will
be needed to evaluate whether or not the goals and objectives are being

achieved.

Create a committee that addresses per-
formance measures. The development
and implementation of performance
measurements requires a significant com-
mitment of staff time and resources. This
committee needs to include stakeholders
from across the DOT, including both
planning and operations. The committee
should be created from the outset and be
a sustained group of practitioners
devoted to identifying the uses and audi-
ences for the performance measures,
selecting measures, identifying data
sources and analysis tools/methods, and
deciding the most appropriate frequency
of analysis and distribution of perform-
ance findings.

Learn from other State’s experiences.
Some States have fairly sophisticated per-
formance measures programs; others

Minnesota DOT

MnDOT has a long history of
linking performance measures to
decision making. MnDOT uses per-
formance measures to explain and
justify funding for specific pro-
grams, thus creating a formal
relationship between investments
and outcomes. For example,
MnDOT estimates the impact of
increasing the number of highway
service patrol vehicles on average
incident clearance time and, indi-
rectly on overall traffic delay. This
helps demonstrate how changes to
the highway service patrol program
impact mobility, one of the goals of
the statewide plan.

www.dot.state.mn.us/tmc/
incmgmt.html

have implemented performance measures to varying degrees. Where possible,
obtain information on other State’s experiences through existing studies, avail-
