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INTRODUCTION 

This document provides high-level guidance for state departments of transportation (DOTs) in 
support of more aggressive approaches to improving operations and management of the 
existing highway network.  The intention is to stimulate and support senior management 
deliberations at the strategy planning level. The material is presented in summary form using 
charts for ease of reference. 

While most transportation agencies conduct a variety of systems operations activities 
operations activities are typically a part-time responsibility of staff and units with other priorities. 
Applications of technology are partial and not yet well-integrated. Operating the system is not a 
core mission with status equivalent to construction and preservation. Operational effectiveness 
is rarely tracked or reported. Therefore, to maximize the service potential of the existing 
system, deliberate strategic change efforts may be necessary.  This material supports such 
change efforts in two parts:  

 Section A is a brief summary of the rationale for, and challenges to, achieving more 
effective systems operations and management and identifies the key vectors or needed 
change. 

 Section B provides, in simple chart form, strategic guidance for institutional change in 
support of mainstreaming operations and management.  

This material constitutes the final product of Mainstreaming Systems Management and 
Operations into Transportation Program Development prepared for AASHTO via NCHRP 
Report 8-35/2.   
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A.  RATIONALE & CHALLENGES 

A.1 THE NEED TO “ MAINSTREAM”  SYSTEMS OPERATIONS AND 
MANAGEMENT 

Mobility increasingly constrained by systems operations. Mobility has always been the 
assumed – if not explicit – major objective of highway agencies.  By itself, simply building new 
capacity no longer meets this objective. The expansion of peak demands, combined with the 
disruptions of crashes, weather and construction, reduces the performance of this existing 
capacity. To maintain and exploit the full mobility potential of the existing system, operations 
and management of facilities must become a more significant component of transportation 
agency programs.  
 
Definition of “ Operations and Management”   
Active management of the existing transportation system to maintain customer-focused 
performance in the face of congestion, incidents and other service disruptions 

Most states do some “ operations” : Systems Operations and Management is not a new 
concept. Most states have already implemented projects and activities in many of the basic 
operations and management strategy areas. These initiatives include limited ITS incident 
detection, a traffic management center, basic incident management procedures, standard work 
zone traffic control plans, winter weather management and start-up traveler information service.  
Despite these efforts, it is apparent that exploiting the potential of operations and management 
is not yet a consolidated top level “core program” in most agencies.1/  More often than not, 
systems operations and management functionalities are only partially deployed in the region, 
moderately intense in their applications, largely uncoordinated and substantially un-integrated. 2/

Operations not a Core Program: The traditional core programs of state DOTs, such as new 
capacity construction and maintenance, have fully supportive institutional arrangements (policy, 
objectives, multiyear program, organizational accountability, appropriate staffing, committed 
funding).  By contrast, few departments have made an equivalent policy commitment to 
operations and management with clear deployment strategy, full systems integration 
commitment, extensive interagency coordination and sustainable resources.  This guidance 
document is based on the premise that “mainstreaming” operations and management into a 
department’s mission and activities -- as an equivalent core program -- is essential to fully 
capitalizing on the full potential of the existing highway system. 

  

 
Definition of “ Mainstreaming” 
Integrating systems operations and management activities into departmental activities and 
organization on the same basis as other “core missions” of the department, such as systems 
expansion and system preservation 
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A.2. WHY? -- EFFECTIVE UTILIZATION OF THE EXISTING CAPACITY 

Highway level of service – urban and rural -- continues to erode as measured by indices of 
congestion, delay. 3/  Accident rates -- while declining -- are still unacceptably high.  Some of 
this loss of performance can be regained by new capacity.  However, in many contexts, 
environmental or fiscal constraints render new capacity unfeasible. Meanwhile, state and local 
policymakers are increasing the pressure for financial accountability and demonstrable short-
term performance improvement results.  In these contexts, improving the performance and 
service potential of the existing network through aggressive operations and management 
becomes the principal strategy for maintaining – and often improving-- service levels on an 
area-wide basis. And much can be achieved -- at modest cost and in relatively short time 
frames -- as evidenced by a decade of ITS deployment, traffic operations improvements, 
incident management task forces, road weather information programs, etc. 

The leverage of Operations and Management:  Reduced delays and increased reliability 
(reducing the unpredictable delays) is becoming a major concern of highway users in this “just-
in-time” society. However, as shown in Exhibit 1 “normal” peak period conditions in major 
metropolitan areas -- for which highways are sized -- are not the" norm!” 5/    

4/ 

Exhibit 1 Highway Peak Period Driving Conditions 
(Percent of Peak period during total year) 

Days with Major Incidents 
 

30% 

“Normal” days 
25% 

 

Higher than 
normal peaks 

 25% 

Weather-related reduced capacity 

20% 

In fact (Exhibit 2), about half of the total delay in metropolitan areas results not from capacity 
shortfalls, but from operational disruptions – incidents, weather and construction.  In rural areas 
these “non-recurring” events are an even larger component of loss of performance.  Thus, 
about one-half of delay is results from by irregular – but frequent – causes. Their contributions 
to total delay varies by metropolitan area, but appears to average around: crashes and 
breakdowns (25%), poor signalization (5%), weather (15%), construction (10%), and special 
events (5%). 6/  
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Exhibit 2:Causes of Roadway Loss of Performance 

Type of 
Cause 

Contribution to total 
delay 

Cause of Delay Basic Mitigation Strategy 

Recurring Causes 50-60% 
Mainline Capacity shortfalls  
Interchange Bottlenecks 
Weave & merge friction 
Poor Signal Timing 

Non-Recurring Causes 40-50% 
Breakdowns & Crashes 
Construction work 
Weather 
Vehicle mix 
Special events 

Source: See notes 3, 6 

Systems operations and management -- as a formal state DOT program – would focus on 
“taking back the capacity” from both recurring and non-recurring causes of congestion and 
delay.  For example, arterial and freeway management activities can maintain maximum 
efficiency under regular and recurring conditions of heavy peak demands while other programs 
(incident management, construction zone traffic management, ice/snow management) can 
minimize the impacts of irregular non-recurring disruptions. 

The experience to date indicates that “best practice” approaches to each of the basic 
operations and management strategies have significant impacts in reducing delay and 
improving reliability and safety.  The performance data is limited since applications are rarely on 
a consistent regional basis and measurement efforts have been modest. Nonetheless, the 
evidence is impressive.  Exhibit 3 provides examples that suggest major the major delay and 
accident reduction potential. 

 
Exhibit 3: Example Benefits of Operations and Management 

At the Project Level 
Example Strategy Benefits 
Freeway Management Ramp metering in Minneapolis has demonstrated a 22% decrease in 

mainline travel times 
Arterial Operations Adaptive signal controls experience in a number of Canadian cities has 

show a range of delay decreases from 15-40% 
Incident Management Best practice incident management such as Seattle, Washington DC, and 

San Antonio has reduced clearance times for major incidents by 20-50% 
and reduced secondary accidents by 30% 

Construction Work Zone Traffic 
Management 

At the Big I project in Albuquerque, surveillance and response reduced 
average clearance times by 44% 

Traveler Information Before and after data and simulations show reductions in travel time of 1-3 
percent 

RWIS An anti-icing program in 30 miles of US-12 in Idaho reduced accident 
frequencies by 83% 

Source; Intelligent Transportation Systems Benefits: 2002 Update, Mitretek systems for FHWA, 2002 

 

These indications suggest the potential of a comprehensive program for responding to non-
recurring causes (instead of the current fragmented activities), combined to form a “critical 
mass” that would rival any other strategy in providing visible service improvements. This is both 
the definition of, and the rationale for, a mainstreaming operations and management program. 

Capacity 
Increases 

Operations & 
Management 
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A.3. WHAT? – OPERATING THE EXISTING SYSTEMS  

Operations and management – as a strategy – may be defined as “active management of the 
existing transportation system to preserve and improve customer-focused performance in the 
face of both recurring and non-recurring loss-of-performance conditions such as congestion, 
incidents and other service disruptions”.  

Strategic dimensions: System operations and management includes a set of customer-
service related approaches, including: 
 Managing congestion, reducing delays and disruptions, and improving safety on major 

regional facilities 
 Controlling the adverse effects of work zones and routine maintenance on traffic flow and 

safety 
 Providing and/or maintaining effective transportation in emergencies and special events  
 Reducing delay by traffic-responsive timing of traffic signals  
 Informing travelers with timely and accurate information on travel and weather conditions 
 Providing reliable and quick response MayDay services for travelers  
 Reducing delays in the movement of goods by automating regulation  

Operations and Management Strategies: There is a growing range of concepts of systems 
operations and management that support the basic strategic approaches listed above. These 
concepts and their supporting systems, technologies and protocols have been deployed in an 
array of projects and activities that support the basic objectives. Exhibit 4 provides a 
conventional grouping of these activities into six basic systems operations and management 
strategy areas. 7/  Some of these strategies involve fixed systems or continuous activities on a 
24 X 7 basis, while others are reactive or ad hoc activities. Today, these various types of 
projects and activities not part of a single program, but typically distributed among a variety of 
units within state DOTs and supported directly or indirectly through a range of budget 
mechanisms. 
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Exhibit 4: Operations and Management Strategies 
and their Institutional Settings 

Operations & Management Strategy Typical Institutional Setting 
Routine Traffic and Transit Operations – such as, 
traffic signal systems enhancements and 
maintenance, timed transfers, automated 
regulation of CVOs, and automated enforcement. 

 Part of traffic ops or maintenance division; 
 Included in annual operations budgets 
 

Public Safety Responses – such as special event 
management, emergency plans and special 
security needs. 

 Top down ad hoc task forces established 
 Special discretionary allocations from headquarters 
 Annual operations budget 

Construction Work Zone Management – 
construction and maintenance work zone planning 
and operations as required as part of roadway 
construction, preservation, or maintenance 
activities. 

 Developed within project design unit (Integrated into 
 “Normal” project development process) 
 ITS/Operations element are part of highway project 

budget 

Incident Response and Management – including 
incident detection and response, service patrols, 
HAZMAT response, snow and ice Management – 
providing an emphasis on keeping facilities open 
and operating together with road weather 
information. 

 Traffic management center and staff often part of traffic 
operation and maintenance budgets 

 Incident management field staff are maintenance or 
operations staff 

 

Freeway/Network Management– including 
detection and surveillance, variable message 
signing (VMS), advisory radio (HAR), ramp 
metering and lane control activities, High 
occupancy vehicle facilities (HOV) and electronic 
toll collection. 

 Capital funds from federal aid. Staffing component part 
of Traffic operations with in TMC or special ITS unit 
within DOT 

 Some federal ITS funds and/or buried in conventional 
projects 

Traveler/Shipper Information – such as broadcast 
or dial up travel conditions (511), schedule 
information, or other in-vehicle and terminal 
information services.  

 Part of Traffic operations with in TMC or special ITS unit 
within DOT 

 Stand-alone projects’ frequently outsourced to private 
entities 

Source:  Description of Transportation Systems Operations and Management, author, Proceedings, of the National 
Summit of the National Dialogue on Operations, FHWA, 2001 
 
Capitalizing on common features: Some operations and management activities are 
undertaken by most state DOTs. Still largely missing, however, is the higher payoff from a more 
complete, organized and aggressive approach to their deployment and activation.  The various 
activities are typically distributed among several different departmental units in the form of ad 
hoc projects (special events), stand alone programs (TMCs), support functions to other 
agencies (incident management) or even as components of other activities (work zone traffic 
management).  Since operations and management is seldom conceived of as an integrated 
program, there may be little formal sharing of administrative management, modest information 
interchange, and considerable budgetary uncertainty.  Yet the activities (Exhibit 4) have 
important common features indicative of the potential of increased integration. The key 
commonality is a strategic focus on current customer mobility-related level of service (delays, 
reliability, safety). Complimentary technical characteristics also include use of performance 
measurement and feedback, reliance on communication of data, real-time responses, and 
manipulation of facility control systems.  Most operations and management activities are also 
technology and staff-intensive, which require continuous and incremental technical upgrades.   

Increasing Effectiveness:  In view of these common strategic and technical features, it 
appears that a more integrated focus, intensifying and coordinating the contributions of the 
multiple operations and management activities, would produce a more significant “critical mass” 
of demonstrable impacts on reducing delay and improving reliability and safety.  Such a 
program would be one of any department’s most effective approaches to provide visible service 
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improvement.  Achieving this payoff would require a more comprehensive, intense and 
coordinated technical approach capable of including:  
 Organization around system performance based on the collection of basic performance data 

and real-time information so that investments and real time systems operations are related 
to customer-focused level of service issues. 

 More complete regional deployment of systems and services over the entire relevant 
networks.  Even the basic ITS services – such as surveillance and detection -- are typically 
at the 25-30 percent deployment level, and many promising services, such as service 
patrols, ramp metering and signalization, are not implemented owing to cost or jurisdictional 
conflicts.  

 More intense operational regimes based on real-time performance feedback and improved 
data. Among state DOTs incident management programs, for example, vary widely from 
best practice in their measurable qualities. Varying agency objectives are a challenge to 
increased intensity. 

 Fuller technical integration among related programs for maximum synergism.  “Corridor 
level” integration between freeway and arterial operations has rarely been achieved and 
supply and demand-oriented activities are often uncoordinated. 

 Broader cooperation among service providers – including transportation, law enforcement, 
emergency services and private sector service providers. 

 A continuous improvement approach based on a clear concept of operations with 
incremental upgrades in technology, coverage and protocol intensity.   

A. 4. WHO? -- STATE DOTS IN A LEADERSHIP ROLE  

State DOTs are important players in almost all highway contexts -- metropolitan as well as non-
urban.  In rural areas, the state tends to be the dominant player by virtue of system ownership.  
At the metropolitan level in many states, DOTs are also the most important influence on 
highway operations matters, given their ownership responsibilities for the upper level highway 
system. They also exert considerable financial leverage on other stakeholders – transportation 
(local government and authorities) and non-transportation (public safety) agencies. 

Inter-jurisdictional leadership:  While the state is the most important single player, improved 
operations and management of the existing highway system is – by definition – 
interjurisdictional and interagency in application.  Most of the relevant strategies are not 
orientated to specific facilities, but to corridors, areas or major network components crossing 
jurisdictional boundaries.  Operational responsibilities are carried out by law enforcement and 
public safety agencies as well as transportation. There is, therefore, a need for cooperation 
among jurisdictions. As a result, the DOT role in metropolitan areas is substantially influenced 
by its willingness and ability to develop effective cooperative relationships with other 
jurisdictional stakeholders.  The state can have an important impact on the priorities of local 
government and state law enforcement entities through resource and facility sharing.  At 
present many state DOTs have good working relationships with other agencies, but too often 
theses are based on temporary personal relationships rather than established interagency roles 
and formal arrangements. 

Headquarters leadership: Systems operations and management itself is largely a regional 
activity, shaped by local circumstances and managed at the level of the district or regional 
office.  The day-to-day management and interjurisdictional working relationship are local.  The 
potential of regional leadership initiatives has already been shown by districts within several 
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state DOTs who have developed strong operations and management programs in a 
cooperative context with their local partners.  However, several of these pioneer “bottoms up” 
efforts have been constrained by lack of resources and authorization on a department-wide 
basis. Within most state DOTs, important policies and program resource allocations are 
established at the statewide (headquarters) level and must be based on a degree of 
standardization.  Strong headquarters leadership (“top down”) is therefore an essential 
ingredient to mainstreaming as a compliment to regional leadership. 

A. 5. WHY NOT? – CHALLENGES TO IMPROVING SYSTEMS OPERATIONS 
AND MANAGEMENT 

The basic strategies for operations and management, described in Section A.3 above, are 
widely known.  Most jurisdictions have some activity in each of the major strategy areas.  
However, deriving the full benefits requires more comprehensive approaches involving 
consistent regional deployment, more intense systems management regimes, broader 
cooperation and integrated operations.  Such an approach may require that systems operations 
performance become a specific strategic goal with objectives focused on maintaining and 
improving level of service. Other requirements include a supportive program structure, 
organization, staffing and budgeting – principally “institutional” issues. Making these changes 
must, in effect alter the “culture” of many transportation agencies, including the professional 
context out of much of the technical and managerial leadership has emerged.  This culture 
includes values and priorities about agency and personal mission as well as existing activities 
focus and organization structure, Indeed, a decade of experience with ITS has demonstrated 
that changes in the existing institutional arrangements are necessary to advance systems 
performance through operations and management.  Several recent studies – shown in Exhibit 5 
–have focused on the experience to date with facing these institutional issues. 

 
Exhibit 5: Recent Reports Relating to System Operation and Management and State 

DOT Institutional Issues 
Incorporating ITS into the Transportation Planning Process, Mitretek Systems with Parsons Brinckerhoff, NCHRP 
8-35, 2002 
Regional Planning for Operations, SAIC, FHWA, 2003 
Metropolitan ITS Integration – A Cross-Cutting Study, FHWA/FTA, 2002 
Best Practice of Rural and Statewide ITS Planning, JPO, USDOT (SAIC), 2002 
Estimating the Federal Proportion of Funds Expended on ITS Infrastructure for FY 2000, ITS JPO (Mitretek 
Systems), 2001 
Organizing for Regional Transportation Operations: An Executive Guide, FHWA (Booz Allen & Hamilton, 2001; 
Intelligent Transportation Systems Benefits: 2001 Update, JPO (Mitretek Systems), 2001  
Deploying and Operating Integrated Intelligent Transportation Systems, JPO, USDOT, 2002 
Proceeding of the National Summit on Transportation Operations, NDTO (Booz Allen & Hamilton), 2001 

This experience suggests that “mainstreaming” raising systems operations and management 
up to a higher plateau of effectiveness means meeting several challenges, including: 

 Need For More Persuasive Understanding of the Potential of Operations and Management – 
As indicated in section A.2 above, the information that is available regarding the payoffs from 
the range of operations and management experience is not widely circulated.  There is a 
need for clarification at all decision-making levels (starting with staff and including agency 
management and elected decision-makers) that operations and management provides 
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significant and relevant benefits – not duplicated by other programs. There is often 
skepticism about the potential of systems operations benefits that can be met in the context 
of a more consistent program-wide focus on the relative cost effectiveness and development 
cycles of various improvement investments. 

 Expanding the Traditional Departmental Service Mission -- Within most state DOTs, there is 
rarely explicit recognition of systems operations and management as a priority core strategy. 
To begin with, a fuller appreciation of the potential of operations and management requires a 
strategic orientation that is outcome -- rather than output – oriented involving a commitment 
to current customer level of service.  Departmental objectives are likely to be focused largely 
on the construction and maintenance of the physical assets – with less emphasis on 
maximizing level of service provided by the existing system.  Thus, despite its potential level 
of service leverage, operations and management is still a relatively low priority in many state 
DOT programs.   

 Embracing Self-Assessment and Measurement Operational Performance – The reorientation 
of state DOTs towards greater focus on “outcomes” in customer terms must necessarily 
involve performance monitoring. But the measurement of operational performance (level of 
service, speeds, delay) is an expensive undertaking with uncertain payoff in the absence of a 
significant program commitment based on its utilization. Furthermore, given performance 
trends, there is political risk in the implication of accountability that goes with such 
information.  

 Coordinating Fragmented Responsibility for Operations and Management – As indicated in 
Exhibit 3, operations and management activities are usually dispersed among various units 
(the ones in which they were initially implemented such as maintenance, construction and 
traffic engineering) as part-time responsibilities, subsidiary to other unit priorities. ITS and 
signalization tends to be a traffic operations responsibility; incident response and winter 
weather management is largely within maintenance; while work zone traffic management is 
substantially within design and construction. There is not likely to be a consolidated 
operations and management program characterized by specific staff, clear lines of reporting 
and direct accountability to top management.  Instead, various operational activities follow 
different lines of reporting at both at the headquarters and district levels, with no single top 
level executive responsibility focused on systems operations and management and related 
systems performance. 

 Supporting Decentralized Decision-making - At the regional and district level, despite (or 
perhaps because of) significant recent state DOT decentralization trends, local leadership is 
squeezed between responding to top management’s pressure for effective utilization of 
capital program allocations and the local constituents lack of recognition of their stakes in 
improving systems operations.  It is difficult therefore to establish a strong program at the 
regional level without a degree of standardization on a statewide basis. 

 Committing Appropriate Resources – Systems Operations – as a combination of related 
activities – is often an orphan. Operations and management must compete for resources 
with well-defined and long established programs with their own internal and external 
constituencies and backlog. Operations and management is rarely conceived as a separate 
consolidated program with its own line item budget. Few states appear to spend over 2-3 
percent of their capital budget on systems operations and management and the staff 
requirements associated with many operational activities is especially problematic.  
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 Introduction into Planning and Programming – Many operations and management activies 
are not directly represented in the STIPs and TIPs – especially those with modest capital 
requirements.  Furthermore the planning process is not yet equipped with methods to 
establish the trade-offs between capital and operations –oriented investments. 

 Enhancing Stakeholder Cooperation -- Regional consideration of operations among state 
and local players emerges principally in development of transportation management centers 
(TMCs) that are typically state-funded -- with varying levels of commitment among other 
jurisdictions. Local government, law enforcement and public safety entities have varying 
priorities conflicting cultures. Planning for operations among jurisdictional stakeholders is 
limited to the development of “concepts of operations” for individual projects or activities.  

It appears that the institutional changes required to fully capitalize on the technical potential of 
operations and management strategies must address the characteristic dimensions of 
institutional commitment that include visible policy commitment, formal program, clear lines of 
accountability and reporting, adequate resources and effective forms of interagency 
cooperation.  These challenges set the agenda for institutional mainstreaming. 
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B. THE PRECONDITIONS TO MAINSTREAMING 
The experience summarized above identifies the institutional challenges that must be met to 
create a supportive context for improved operations and management as a set of legitimized, 
integrated, and resourced actions. This section focuses on summarized the lesson learned in 
the form of guidelines to support mainstreaming operations and management 

Experience to date:  A few DOTs have begun to formalize ITS and/or operations in budgetary 
and organization terms. Promising approaches were found in the five states reviewed 8/: The 
sources cited in Exhibit 5 above provide additional examples. While these agencies are 
following different paths, they share in common moving towards treating “systems operations” 
as a distinct department-wide program on a sustainable basis at a level of effort that creates a 
visible contribution to service improvement.  Creation and support of this hospitable setting for 
operations and management activities appears to require several types of institutional changes. 
The remainder of this document provides general guidance to agency managers in an 
approach to realizing these preconditions. 

Basic Preconditions:  Nine basic types of change appear to be relevant, generalized as 
“preconditions to mainstreaming “operations and management” in Exhibit 6. 
 

Exhibit 6: Preconditions to Mainstreaming 
Systems Operations and Management 

 
1. Recognition of potential benefit -- Promotion of better understanding within the “authorizing 

community” (decision-makers, senior managers, key external constituents of departmental programs) 
of key features and potential benefits of a comprehensive operations and management program 

2. Formal inclusion in strategic planning, policy development  and objective setting -- Statements 
in strategic documents that explicitly recognize the goals and measurable objectives associated with 
improving existing systems performance 

3. Operations activities combined in terms of a “ core”  priority operations program -- Operations 
and management activities organized as priority program with specific strategies and achievement 
targets 

4. Performance information used to determine needs and support continuous improvement -- 
Introduction of measurable outcomes as focus of agency program with performance monitoring and 
measurement to insure progress  

5. Organizational alignment to improve accountability -- Development of explicit responsibility and 
accountability for operations and management activities as consolidated, coordinated, identifiable 
program 

6. Regional program-consistency -- Operations and management must be appropriately tailored to 
issues and institutions that may differ from region to region 

7. Dedicated Program budget sufficient to support operations and management program -- 
Provision of staff capability and financial (especially operating) resources sufficient to sustain a 
continuing commitment  

8. Interagency cooperative arrangements/agreements with key local and regional stakeholders 
and implementers -- Cooperative relationships among service providers with roles and relationships 
aligned to support coordination required for effective integrated operations 

9. Incorporation into Planning and Programming -- Develop “level playing fields” planning and 
programming process that accommodates relevant operations and management strategies, time 
frames and performance measures on a par with capital improvements  

Mainstreaming requires executive level championship and specific top management strategic 
support. The preconditions establish the basic outlines of the needed support. These conditions 
do not simply happen as a by-product of individual pilot projects. They require middle 
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management enthusiasm – based on technical knowledge, backed by senior management 
commitment -- reflected in program and organization, backed by policy-makers leadership -- 
evidenced in resource support.  
 

B.1: SELF- ASSESSMENT 

This study found that state DOTs are at various positions regarding the establishment of 
supportive institutional preconditions for systems operations and management.  As a point of 
departure, agency managers may wish to evaluate the relative position of their agency for the 
several vectors of mainstreaming related to the preconditions.  The “Challenges” described in 
Section A.5 and the related “Preconditions” list of Exhibit 6 establish the basis for a quick 
assessment of the current agency posture. Exhibit 7 below structures these issues for self-
assessment and allows the user to characterize an agencies state of mainstreaming. This self-
assessment can be used to focus attention on the relevant guidance templates that follow. 

An Operations and Management Diagnostic: To conduct a quick self-assessment, consider 
the state of play regarding mainstreaming in your agency with respect to the indicators (1-9). 
Select one of the two options offered under the columns entitled “Activities” or “Program” and 
consider the balance of selections: 

 More selections in the “Activities” column suggest a situation in which the agency has 
several individual ITS operations projects deployed and other systems operations activities 
underway.  However, these activities have not been converted into a consolidated program 
through the types of institutional measures described in rows 1-9.  

 More selections in the “Program” column indicate an agency that has made some important 
commitments to institutional mainstreaming of systems operations and management. 

 Any selection falling in the “Activities” column indicates an area where there is a potential to 
strengthen mainstreaming.  The guidance templates in the following section suggest 
directions for improvement in each of the nine areas. 
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Exhibit 7: Self Evaluation of State of “ Mainstreaming”  

STATE OF PLAY REGARDING STATUS OF OPERATIONS AND MANAGEMENT 
ACTIVITIES IN THE AGENCY 

EXAMPLE INDICATOR “ ACTIVITIES”  STAGE “ PROGRAM”  STAGE 
1. Recognition of potential 
benefits of operations and 
management 

No expressed interest by 
policy and stakeholder 
community in operations 
and management 

Legislative support (as 
evidenced in funding or 
reporting requirements) 

2. Formal inclusion in Policy  No specific reference in 
agency policy or strategic 
plan 

Systems Operations and 
management is explicitly 
identified as agency 
responsibility 

3. Operations activities as a core 
program 

Basic ITS infrastructure 
deployed; various activities 
undertaken, but not 
considered a “core 
program”  

Operations and 
management organized on 
a consolidated 
programmatic basis 

4. Performance information Level of service information 
is not regularly collected 

Performance data is 
collected and utilized 

5. Organizational alignment  Operations at 3rd level or 
managed as projects 

Operations under single 
management at 2nd level 

6. Regional program consistency Districts pursue individual 
approaches  

Statewide policy on 
operations and 
management exists 

7. Dedicated resource allocation  Many operations and 
management activities not 
separately budgeted 

Operations and 
Management as 
identifiable program  

8. Interagency stakeholder 
operational cooperation 

Jurisdictions meet and 
share information 

Shared concepts of 
operations, collocation 

9. Incorporation of ITS and 
Operations in STIP and TIP 

No identifiable Operations 
and management in plans 

Operations and 
management an integral 
part of capital program 

 

B.2: THE PRECONDITIONS GUIDANCE:  

This guidance – on institutional issues – is designed to supplement the extensive technical 
materials available from FHWA and others focused on ITS, concepts of operations and systems 
architecture.  The material – in chart form-- provides a structured reference on the key features 
of change management strategies for mainstreaming systems operations and management 
within state DOTs -- as derived from some recent experience.  The intention is to stimulate and 
support senior management deliberations at the strategy planning level.  . The material is at a 
level sufficiently general to apply to most of the M & O activities in a range of different 
departmental settings 
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The Preconditions Templates The material is presented in summary form using charts for 
ease of reference.  The common template approach provides a standard chart format for each 
of the nine preconditions presented above.  Exhibit 8 explains the template used.  Each chart 
defines and characterizes the nature of precondition, and suggests the general direction of 
needed change in terms of desired outcomes and typical barriers. Strategies are suggested for 
moving in the direction of the state d precondition.  The strategies suggested are evolutionary, 
not revolutionary. Therefore, actions are suggested at three levels that will be more or less 
relevant depending on the current status of systems operations activities within a department. 
At least one significant benchmark is presented. Some written resources are referenced where 
relevant.  

Using the Self-Assessment as point of entry: Selections in the Exhibit 7 Self- Assessment 
chart under the “Activities “column indicate areas (1-9) where there is a potential for 
strengthening mainstreaming. 
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Exhibit 8: The Preconditions Template 

PRECONDITION a change in institutional arrangements needed to create a supportive context for improved 
operations and management as a set of legitimized, integrated, and resourced core program.  Each preconditions 
may be considered a “necessary but not sufficient” support activity to strengthen an agencies operations and 
management program  
DEFINITION Identification of key points of leverage to initiate change within the agency that will lead to 

greater focus on operations and management 
WHY NEEDED  The reasons why this particular change is important 
DESIRED 
OUTCOMES 

What outcomes are sought 

TYPICAL 
BARRIERS 

Preexisting legacy condition  

STRATEGY TO 
STEP UP MAIN-
STREAMING 

Current Status (Point Of Departure) 
within the agency 

Next Steps 

Where agency may be today (this box 
corresponds to the “Activity” stage of 
Exhibit 7) 

Logical next increment 

Where agency may be today Logical next increment 

Where agency may be today Logical next increment 

MAINSTREAM 
BENCHMARK 

Actions to embed in agency conventions, culture, etc 

RESOURCES Documentation, case studies 
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B.3 THE PRECONDITIONS TEMPLATES 

The pages that follow are charts for each of the nine preconditions  

 

1. RECOGNITION OF POTENTIAL BENEFITS OF OPERATIONS AND MANAGEMENT  
DEFINITION Promotion of better understanding within the “authorizing community” 

(decision-makers, senior managers, key external constituents of 
departmental programs) of key features and potential benefits of a 
comprehensive operations and management program 

WHY NEEDED   Little knowledge of potential benefits in concrete, measurable user 
service terms 

 Key stakeholders are not aware of the service improvement potential 
and are therefore not supporting of changes in current program 
structure or resource allocation 

 Increased focus and investment will require decision-makers to 
support some changes in allocation of resources 

DESIRED 
OUTCOMES 

 Benefits of an operations and management approach are widely 
recognized by departmental staff and key constituencies in terms that 
are relevant to their interests 

 Explicit resource competition and “level playing field” evaluation is 
promoted as between capital and operating investments 

 New beneficiary constituencies have identified themselves with a 
continuing interest in Operations and management programs 

TYPICAL 
BARRIERS 

Absence of motivation to investigate benefits of management and 
operations approaches compared to conventional capacity-oriented 
options 

STRATEGY TO 
STEP UP MAIN-
STREAMING 

Point of Departure Next Steps 
Limited consciousness of 
potential of operations and 
management, typically 
accompanied by lack of 
performance information 

 Highlight start up successes to 
generate interest 

 Generate a public dialogue through 
publicizing improvements 

Operations and management 
benefits understood and 
performance measured 

 Integrate decision criteria favoring 
operations and management 
investments as convention 

 Strengthen partnership mutual 
reinforcement 

MAINSTREAM 
BENCHMARK 

Ability to present compelling justification to decision makers for support of 
resource investment 

RESOURCES  Intelligent Transportation Systems Benefits: 2002 Update, FHWA, 2002 
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2. FORMAL INCLUSION IN POLICY 
DEFINITION Statement in Strategic documents that explicitly recognize the goals and 

measurable objectives associated with improving existing systems 
performance 

WHY NEEDED  Explicit policy recognition is justification for consistent program and 
precondition to securing resources and accountability for performance 

DESIRED 
OUTCOMES 

 Agency mission is redefined to include explicit recognition that 
improvement of operations, real time responses and effective systems 
management is a principal agency mission (change in agency culture) 

 Clear framework of goals, objectives and strategies for operations and 
management 

 Executive-level leaders, management support program as legitimate 
competitor for agency resources and organizational recognition (as 
champions) 

TYPICAL 
BARRIERS 

 Lack of constituency (internal or external) for operations (as distinct from 
capital) improvements 

 Reluctance of departmental leadership to become accountable for 
operational outcomes – given external influences on outcomes 

STRATEGY TO 
STEP UP MAIN-
STREAMING 

Point of Departure Next Steps 
Nothing explicit about mobility or 
systems performance in policy 
but may have operations and 
management activities 

 Capitalize on crisis 
 Assume/create championship 
 Early winners 
 Benchmarking with comparable 

jurisdictions  
Mobility recognized in policy but 
without corresponding objectives 
and strategies regarding short-
term systems performance; 

 Develop explicit objectives and 
strategies for operations and 
management 

 Establish performance objectives for 
various operations and management 
activities that contain risk by focusing 
on components of delay  

 Emphasis non-competitive benefits 
MAINSTREAM 
BENCHMARK 

Strategic Plan has explicit focus on current systems performance with 
related objectives and operations and management strategies 

RESOURCES Incorporating systems operations and management practices into 
transportation planning and programming: Task 1-4 NCHRP Project 8-36/02, 
2002 
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3. OPERATIONS AND MANAGEMENT AS A CORE PROGRAM 
DEFINITION Operations and management activities organized as “core” program with 

specific strategies and achievement targets 
WHY NEEDED  Combining operations and management activities into a formal program 

establishes “critical mass” for visibility and basis for sustainable commitment 
DESIRED 
OUTCOMES 

 Operations and management considered core program on plane with new 
capacity, preservation, etc 

 Program objectives provide basis for focus of resources 
 Accountability of agency to constituencies for performance efforts 

TYPICAL 
BARRIERS 

 Lack of internal or external constituency to compete for resources 
 Lack of available leadership 

STRATEGY TO 
STEP UP MAIN-
STREAMING 

Point of Departure Next Steps 
Key operations and management 
activities buried as components 
of other programs as part time, 
reactive responsibilities 

 Identify existing Operations and 
Management activities for potential 
coordination 

 Identify cost-effective gaps and 
expansions for continuous 
improvement 

Districts exhibit region-specific 
programs 

 Establish agency-wide standard 
approaches and performance levels 

 Incorporate into planning and 
programming (and budgeting) 

 Establish reporting and accountability 
MAINSTREAM 
BENCHMARK 

Operations and Management as consolidated line item program 

RESOURCES • Operations in the 21st Century, FHWA, NDTO, 2001 
• Managing the Urban Transportation System: The Need for a New 

Operating Paradigm, FHWA, NDTO, 2001 



                                                            Section B
 

NCHRP 8-36A Mainstreaming 19 Parsons Brinckerhoff 
Systems Operations and Management  
Into Transportation Program Development 

 
4. PERFORMANCE INFORMATION TO MONITOR OUTCOME PROGRESS 
DEFINITION Introduction of measurable outcomes as focus of agency program with 

performance monitoring and measurement to insure progress 
WHY NEEDED   M & O regimes based on response to actual conditions and 

improvements require performance comparisons 
 Current agency objectives and progress may be related to program 

outputs only (rather than customer-related outcomes, such as service 
levels) 

DESIRED 
OUTCOMES 

Performance orientation is built into strategic management, program 
development and budget justification 

TYPICAL 
BARRIERS 

 Lack of consensus (professional) of appropriate metrics 
 Lack of performance-related information (data collection) and its costs in 

the absence of clearly articulated benefits of collection/analysis efforts 
STRATEGY TO 
STEP UP MAIN- 
STREAMING 

Point of Departure Next Steps 
No explicit performance 
measurement or accountability 
regarding systems level of 
service 

 Introduce concept of outcome-based 
strategies 

 Identify relevant and affordable 
performance metric 

Performance measurement built 
into program development and 
management 

 Use deficiency analysis as a means 
of developing improvement strategies 
in planning and programming 

 Benchmark performance with 
appropriate peer states and regions 

MAINSTREAM 
BENCHMARK 

Agency–wide, multiuse, information systems used both for systems 
management in real time and for performance evaluation 

RESOURCES • Deploying and Operating integrated Intelligent Transportation Systems: 
Guidance for the Evaluation of Metropolitan Model Deployment Initiative 
Sites, FHWA, 2002 

• Measuring System Performance: the Key to Establishing Operations as a 
Core Program, FHWA, NDTO, 2002 
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5. ORGANIZATIONAL ALIGNMENT TO ESTABLISH ACCOUNTABILITY 
DEFINITION  Development of explicit responsibility and accountability for distinct 

operations and management activities as programs  
WHY NEEDED  Program development (broader applications) and continuous 

improvement requires clear authorities and accountability 
DESIRED 
OUTCOMES 

 Operations is recognized as top level responsibility with direct policy and 
program authority and span of control over relevant units and resources 

 Some degree of statewide standardization in priority, standards, etc 
TYPICAL 
BARRIERS 

Operations and management activities fragmented at buried at third and 
fourth level in organization without identifiable responsibility 

STRATEGY TO 
STEP UP MAIN- 
STREAMING 

Point of Departure Next Steps 
Some operations and 
management activities third or 
fourth tier responsibilities 
without independent 
accountability 

 Identify all operations and 
management activities as programs 
(with accountability, improvement and 
sustainability implications) 

 Establish lines of reporting to 
consolidate responsibility 

Independent district approaches 
in absence of statewide policy 

 Creations of first tier operations and 
management responsibility and both 
district and statewide level 

 Common statewide policy and 
standards  

MAINSTREAM 
BENCHMARK 

First tier manager with consolidated responsibility for all key systems 
operations and management activities, programs 

RESOURCES Incorporating ITS into the Transportation Planning Process, NCHRP 8-35, 
2002 
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6. PROGRAM REGIONAL CONSISTANCY 
DEFINITION Operations and management must be tailored to regional issues and 

institutions but statewide approach required for reasonable standardization 
WHY NEEDED  Regional programs require clear delegation of authority, resources and 

accountability to respond to regional operational needs such as local 
congestion problems/causes while statewide standardization is important to 
insure interoperable systems and the ability to share concepts 

DESIRED 
OUTCOMES 

 Regional programs have significant operations and management 
component, resources focused on regional systems operations priorities 

 Program performance measured against local issues 
 Appropriate degree of statewide standardization in priority, standards, 

etc. 
TYPICAL 
BARRIERS 

District office programs reluctant to depart from statewide priorities and 
issues without clear direction and flexible resources 

STRATEGY TO 
STEP UP MAIN- 
STREAMING 

Point of Departure Next Steps 
Regional (district) management 
not incentivized to pursue 
appropriate role of operations 
locally 

 Develop statewide policy and 
resources must energize/enable 
regional focus 

 Budgeting process must recognize 
resource requirements 

District budget allocations 
significantly constrain regional 
operations 

 Regional differences must be 
recognized in budgeting 

MAINSTREAM 
BENCHMARK 

Incorporation of operations and management activities as core program in 
region/district programs 

RESOURCES Regional planning for Operations, FHWA, 2003 
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7. DEDICATED RESOURCE ALLOCATION FOR SUSTAINABLE APPLICATION 
DEFINITION Provision of staff capability and financial (especially operating) resources 

sufficient to sustain a continuing commitment 
WHY NEEDED  Operations and management is resource-constrained within modest (and 

usually unknown) budgetary and staff commitments 
DESIRED 
OUTCOMES 

 Institutionalized business planning and program budgeting for operations 
and management (as for assets) 

 Resource allocations for systems operations consistent with service 
potential 

 Systems Operations and Management as a line item in state funding 
program 

TYPICAL 
BARRIERS 

 Eligibility Constraints in state funding 
 Personnel (slot) constraints 
 Aggregate systems operations and management investment 

requirements not estimated 
STRATEGY TO 
STEP UP MAIN- 
STREAMING 

Point of Departure Next Steps 
Operations and management 
activities not explicitly 
budgeted -- supported as part 
of other activities 

 Develop consolidated operations program 
 Develop business plan 

Some budgetary recognition 
of multiple operations and 
management activities as 
modest program 

 Introduce resource allocation trade-offs to 
insure appropriate allocation 

  Promote legislative line item (and 
constituency) 

MAINSTREAM 
BENCHMARK 

Explicit consideration of systems operations and management in state 
funding programs  

RESOURCES Estimating the Federal Proportion of Funds Expending on ITS Infrastructure 
for Fiscal Year (FY) 2000, Mitretek Systems, 2001 
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8. INTERAGENCY STAKEHOLDER COOPERATION FOR REGIONAL 
APPLICATIONS/COORDINATION 
DEFINITION Cooperative relationships among service providers with roles and 

relationships aligned to support coordination required for effective integrated 
operations 

WHY NEEDED  Systems and service cross jurisdictional and sectoral boundaries 
DESIRED 
OUTCOMES 

 Improved interjurisdictional Cooperation 
 Cooperation with Non-Public Works Entities  
 Attracting and Accommodating Private Capital and Expertise 
 Incorporating Customer Perspectives 

TYPICAL 
BARRIERS 

 Varying agency priorities 
 Different levels of resource constraints 
 Lack of clear institutional structure, precedents 

STRATEGY TO 
STEP UP MAIN- 
STREAMING 

Point of Departure Next Steps 
Communication among 
jurisdictions of intentions, 
actions 

Integrate operations, including co-location 
Develop joint protocols 

Cooperation involving joint 
concept of operations and 
protocols 

Integrate operations 
Develop joint procedures protocols 
Consider consolidation of responsibilities 

MAINSTREAM 
BENCHMARK 

Formal institutional expression of continuing cooperative regional operations 
and management focus (within MPO or other ad hoc entity) 

RESOURCES • Metropolitan ITS Integration, FHWA, 2002 
• Bay Area Freeway concept of Operations: Key Institutional and Technical 

Issues, MTC, 2001 

Note: these are not the only stakeholders 
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9. INCORPORATION INTO PLANNING AND PROGRAMMING 
DEFINITION Develop “level playing fields” planning and programming process that 

accommodates relevant operations and management strategies, time 
frames and performance measures on a par with capital improvements 

WHY NEEDED   Adjust planning process biased towards major long-term capital 
improvements 

 Add a parallel program that focus on a plan for operations (“concept of 
operations”) at both the statewide level an at the regional level (metro 
and rural) 

DESIRED 
OUTCOMES 

 Increased cost-effective investments 
 Effective agreement among stakeholders on concept for operations with 

supporting resource commitments 
 Regional Systems Integration and Implementation Planning 
 Institutionalizing Regional Systems Operations.  

TYPICAL 
BARRIERS 

Planning tradition and technical tools do not incorporate non-capital 
strategies and costs  

STRATEGY TO 
STEP UP 
MAIN- 
STREAMING 

Point of Departure Next Steps 
No focus on operations and 
management other than 
capital implications 

 Establish entity to develop concepts of 
operations 

 Determine resource requirements 
Operations and management 
investments included in plans 
and programs 

 Develop process to evaluate capital 
vs. operations and management 
resource investment tradeoffs 

MAINSTREAM 
BENCHMARK 

Technical capacity to perform trade-offs in investment between operations 
and management vs. capacity addition projects 

RESOURCES Best Practices in Rural and Statewide ITS Planning, FHWA, 2002 
Organizing for Regional Transportation Operations: An Executive Guide, 
FHWA, 2001 
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NOTES 
 

1. See Estimated the Federal Proportion for Funds Expended on ITS Infrastructure for 
Fiscal Year 2000, Mitretek Systems 2000.  Looking at three of the more active ITS and 
Operations and Management states (VA, AZ and MN) the study found that these states 
were spending no more than 5% of its 2000 federal obligations on ITS and less than 1% 
of the state total O& M funds on ITS-related operations. 

2. FHWA Deployment tracking indicating average levels of ITS deployment and integration 
in 78 metropolitan areas.  For example, freeway management is currently in the 25% 
range. Incident management data is transmitted to emergency management agencies in 
about 33% of cases. 

3. 2002 Urban Mobility Study, TTI website (mobility.tamu.edu), The total congestion "bill" 
for the 75 areas in 2000 3.6 billion hours of delay. To keep congestion from growing 
between 1999 and 2000 would have required 1,780 new lane-miles of freeway and 
2,590 new lane-miles of street. Also see Temporary Losses of Highway Capacity and 
Impacts on Performance, ORNL, 2002. 

4. ITS/Operations Resource Guide, 2002, FHWA JPO, 2002. 

5. ITS Impacts Assessment for Seattle MMDI Evaluation: Modeling Methodology and 
Results, Mitretek, FHWA, 1999. 

6. See FHWA Office of Operations website on Congestion Mitigation, 
fhwa.dot.gov/congestion.  The data on the relative the comparative temporal extent of 
varying operating conditions and the relative contributions of the causes of congestion to 
total delay is modest – reflecting the legacy of disinterest in performance within the 
profession. 

7. See discussion of “mainstreaming in “Making the Case: Continuing the Operations and 
systems Management Focus” (prepared for the National Dialogue on Operations), 
AASHTO, 2001. 

8. States reviewed in Task 2 of this project included Washington, Texas, Maryland, Ohio 
and Florida.  
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