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On April 2, April 9, and April 16, 2021, the National Operations Center of Excellence (NOCoE) hosted a 
virtual peer exchange on Data Governance for Transportation Systems Management and Operations 
(TSMO). The peer exchange brought together 30 participants from 12 agencies representing different 
jurisdictions across the country. The purpose of the peer exchange was to share knowledge between 
operations practitioners from transportation public agencies and other stakeholder groups. 

The overall theme for this event centered on optimizing data management practices to improve agency’s 
transportation systems management and operations. Presentations covered the following topics (See 
agenda):
• Topic 1: Organizational Elements for Data Governance – Integration (Presentations: AASHTO, MN DOT, 

and OH DOT)
• Topic 2: Organizational Elements for Data Governance – Processes and Partnerships (Presentations: 

US DOT and IA DOT)
• Topic 3: Using Data in Strategic-level Decision Making for TSMO – Current Data Needs (Presentations: 

WA DOT and MARC)
• Topic 4: Using Data in Strategic-level Decision Making for TSMO – Future Data Needs
• Roundtable Discussion: Organization and Workforce Implications for TSMO Data Governance

The rest of this report includes a section on each of the topic areas above. Each section includes a 
high-level summary of the topics followed by a detailed summary of discussion highlights. This report 
was authored by Niloo Parvinashtiani, edited by Adam Hopps, and reviewed by the peer exchange plan-
ning committee, presenters, and attendees.

Introduction

https://transops.s3.amazonaws.com/uploaded_files/Data%20Governance%20for%20TSMO%20Virtual%20Peer%20Exchange%20Agenda%20%26%20Attendee%20List.pdf
https://transops.s3.amazonaws.com/uploaded_files/Data%20Governance%20for%20TSMO%20Virtual%20Peer%20Exchange%20Agenda%20%26%20Attendee%20List.pdf
https://transops.s3.amazonaws.com/uploaded_files/1.AASHTO%20MD%20Slides-NOCoE%20Data%20Peer%20Exchange.pdf
https://transops.s3.amazonaws.com/uploaded_files/2.MN%20DOT%20Slides-NOCoE%20Data%20Peer%20Exchange.pdf
https://transops.s3.amazonaws.com/uploaded_files/3.OH%20DOT%20Slides-NOCoE%20Data%20Peer%20Exchange.pdf
https://transops.s3.amazonaws.com/uploaded_files/4.US%20DOT%20Slides%20Updated.pdf
https://transops.s3.amazonaws.com/uploaded_files/5.IA%20DOT%20Slides-NOCoE%20Data%20Peer%20Exchange.pdf
https://transops.s3.amazonaws.com/uploaded_files/6.WS%20DOT%20Slides-NOCoE%20Data%20Peer%20Exchange.pdf
https://transops.s3.amazonaws.com/uploaded_files/7.MARC%20Slides-NOCoE%20Data%20Peer%20Exchange.pdf
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The first topic of discussion in the peer exchange focused on the integration element of data gover-
nance. During the presentations, several important aspects were highlighted including the following:
• Sharing and Aligning of Core Business Functions (Safety, TAM, TSMO, etc.)
• Sharing and Aligning of Roles and People

The two sub-topics above are described in detail in the section below in Discussion Highlights for Topic 
1. Highlights include background information and activities from AASHTO Committee on Data Manage-
ment and Analytics, Minnesota DOT (MnDOT), and Ohio DOT (ODOT).

DISCUSSION HIGHLIGHTS FOR TOPIC 1

AASHTO– Data Principles and Activities
As part of the peer exchange, AASHTO provided an overview of its data-related activities including the 
activities and products of the Committee on Data Management and Analytics (CDMA). The Committee 
addresses the collection, procurement, processing, analysis, reporting, and sharing of transportation 
data. The committee has identified several themes as its focus area through the formation of subcom-
mittees in the areas of Professional Development, Policy, Research, Technical Services, Outreach and 
Coordination, Communicating Data, and Cybersecurity. The committee also formed communities of 
practice in the following areas:
• Data Governance
• CIO/CDO
• CAV
• HPMS
• Safety
• Travel Data
• Asset Data
• GIS-T

The CDMA goals are shown in Figure 1. Among these goals, goals 5 and 6 are closely aligned with the 
NOCoE Peer exchange objectives which are to provide a platform to vet issues and challenges and en-
gage in generating fresh strategies and solutions for harnessing the vast transportation data world.

Topic 1: Organizational Elements-Integration
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Figure 1 AASHTO committee on data management and analytics goals

The AASHTO Core Data Principles were also discussed. They include:
• Principle 1 – VALUABLE: Data is an asset—Data is a core business asset that has value and is man-

aged accordingly.
• Principle 2 – AVAILABLE: Data is open, accessible, transparent, and shared —Access to data is critical 

to performing duties and functions, data must be open and usable for diverse applications and open 
to all.

• Principle 3 – RELIABLE: Data quality and extent is fit for a variety of applications—Data quality is ac-
ceptable and meets the needs for which it is intended.

• Principle 4 – AUTHORIZED: Data is secure and compliant with regulations—Data is trustworthy and is 
safeguarded from unauthorized access, whether malicious, fraudulent, or erroneous

• Principle 5 - CLEAR: There is a common vocabulary and data definition —Data dictionaries are devel-
oped and metadata established to maximize consistency and transparency of data across systems.

• Principle 6 – EFFICIENT: Data is not duplicated —Data is collected once and used many times for 
many purposes.

• Principle 7 – ACCOUNTABLE: Decisions maximize the benefit of data Timely, relevant, high quality 
data are essential to maximize the utility of data for decision making.

Goal 1: Promote AASHTO’s Core Data Principles to guide the use of public or private sector 
transportation data. (AASHTO Goal 3)

Goal 2: Support member agencies with recruitment and retention, capacity building, and skill 
development related to data management and analytics. (AASHTO Goal 1)

Goal 3: Lead in transportation data standardization efforts. (AASHTO Goal 2)

Goal 4: Support both member agencies’ decision-making data and analytics needs and the 
Board of Directors needs on policy program, regulations, and guidance related to data man-
agemenet and analytics (AASHTO Goals 1 and 3)

Goal 5: Support member departments in achieving best data practices (AASHTO Goals 1, 2, 3, 
and 4)

Goal 6: Foster communities of practice in topic areas of interest as determined. (AASHTO Goals 
1, 2, and 4)
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Areas where agencies identified as most mature

Valuable

Secured

Validated

Areas where agencies identified as least mature

Clear

Efficient

Accountable

Available

Areas where agencies identified as most 
needed to improve

Clear

Efficient

Accountable

Validated

Available

Areas where agencies identified as least 
needed to improve

Valuable

Secured

Table 1 Peer exchange poll results on level of maturity

Table 2 Peer exchange poll results on need for improvement

There was a discussion related to these principles where the attendees were asked to identify their ma-
turity level in each area. The results are shown in the Table 1 and 2 below:

In both questions, valuable and secured principles were the areas identified most mature with less need 
to improve. Additionally, clear, efficient, accountable, and available principles were the areas identified 
least mature with more need to improve (See Figure 2).
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Minnesota DOT – Data and information Governance at MnDOT
In the next section of peer exchange, Minnesota DOT presented on their data and information gover-
nance. The presentation was kicked off by an overview of organizational elements that contribute to 
successful data governance for Minnesota DOT:

Figure 2 Poll results for data principal questions

Vision & Guiding Principles

Executive sponsorship

Broad stakeholder input

Sustaining resources (funding, staff)

Decision-Making structure (recognized authority)

Stewards: clear roles & responsibilities

Plans, Policies, Standards

Data glossary/metadata catalog

Common data environment (or data warehouse)

Ongoing education and training

Understanding that governance is not a project

Willingness to change, willingness to fail

Table 3 Minnesota DOT organizational elements contributing to successful data governance
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The Minnesota DOT Data Governance evolution started back in 2008 when the data business planning 
process began. MnDOT adopted a new mission and vision and created its 7 data principles:
• Data and information are valuable business assets
• Data and information will be accessible and shared as permitted
• Data and information will include standard metadata
• Data and information quality will fit its purpose
• Data definitions will be consistently used
• Data and information will not be unnecessarily duplicated
• Data and information management is everyone’s responsibility

In 2011, MnDOT published its Data Business Plan. The plan helped demonstrate the governance struc-
ture within MnDOT as shown in Figure 3:

A governance committee exists under the executive/senior leadership that is responsible for policy 
approval and internal controls. The Data Domain Stewards (DDS) Group is led by MnDOT’s nine office 
directors that oversee data and content. The DDS Group meet monthly and are accountable for agen-
cy-wide governance of data and information including the following general categories:
• Recommend data-related policies
• Review IT projects for data implications
• Appoint and oversee subject area stewards

The subject area stewards consist of 85 subject matter experts and operate under the general leader-
ship of the DDS Group. They are responsible for managing the quality and definition of data resources, 
providing business metadata for publication in the business data catalog, and serving as point-of-con-
tact for inquiries related to their assigned subject areas.

Figure 3 Governance structure within MnDOT

http://www.dot.state.mn.us/policy/dm/dm002.html
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Data domains are used as a classification system that divides 
data and information into broad classes. This classification is 
not based on the organization chart and is based on the sub-
ject matter. This helps de-emphasize ownership of data by in-
dividual offices. With the use of domains, similar data are put 
under widely distinguishable categories, making it accessible 
to those without in-depth institutional knowledge. Minnesota 
DOT’s data domains are: 
1. Business Stakeholder/Customer – data about public & 

external partners
2. Financial – data about money
3. Human Resources – data about employees & applicants
4. Infrastructure – data about MnDOT’s physical (built) trans-

portation assets
5. Planning, Programming, & Projects – data about transporta-

tion projects
6. Recorded Events – data about occurrences on the transpor-

tation system (crashes, lane closures, maintenance work)
7. Regulatory – data about legal requirements
8. Spatial – data about locations
9. Supporting Assets – data about ancillary assets that affect the transportation system

Figure 4 MnDOT data domains

Each domain is divided to subject areas and then divided into subject classes. For example, we have 
the following breakdown for Infrastructure Data Domain: Infrastructure Data (Domain)>Roadway Data 
(subject area)>Functional Class (subject class)

Two major categories of legal and IT are included in the Information Governance Program. The legal 
category includes data practices, classification, sharing agreements, and eDiscovery. The IT category 
includes APIs, ETLs, Cybersecurity, IT project management, architecture and data modeling, and appli-
cation deployment & upgrades.

In 2012, MnDOT launched the creation of a Business Data Catalog (BDC). The Business data catalog 
organized curated resource offering terms, records (listed by subject area), and applications (inventory 
of software systems, mapped to the subject area). The business data catalog is an interactive applica-
tion accessible to all MnDOT staff. It is a metadata repository that stores and publishes descriptive in-
formation about MnDOT’s data assets and supports the department’s information governance efforts. 
The BDC is a tool that helps employees:
• Search for data, applications, and records
• Understand data definitions and business terminology
• Locate and share data
• Obtain contact information for Domain and Subject Area Stewards
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The Business data catalog consists of three main categories: Terms, Records, and Applications. Terms 
are definitions of business terminology & descriptions of structured data elements by subject area. 
Terms include information such as description, authorized source, data classification, and comments. 
Table 4 is an example of how the term functional class is defined.

Records are the business records listed by Subject Area. Table 5 shows an example of how the Mainte-
nance Activity Data record is defined.

Functional Class

Description

Authorized Source

Data Classification

Comments

System of grouping streets and highways into classes or categories 
according to the character of service they are intended to provide

Federal Highway Administration (FHWA)

Public

Category codes: 1 = Interstate; 2 = Principal Arterial - Other Freeways and 
Expressways; 3 = Principal Arterial - Others; 4 = Minor Arterial; 5 = Major 

Collector; 6 = Minor Collector; 7 = Local.

Maintenance Activity Data

Records
Description

Retention Start

Retention
(In Years)

Retention End

Retention Contact

Vital Record

Place of Storage

Place of
Storage Info

Non-bridge and non-pavement activity data that includes asset 
maintenance and operations data such as mowing and spraying

Date created

Permanent

Retain permanently

Subject area steward contact name

No

Application/System

eDOCs

Table 4 Example of how terms are defined in the business data catalog

Table 5 Example of how records are defined in the business data catalog
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Applications are the inventory of software systems, mapped to Subject Areas. Table 6 is an example of 
how the land management application is defined:

Land Management

Description: Provides geodetic control information that allows users to 1) create reports on 
all geodetic control monuments that reside in a specified area (by county, by township, range, 
or section, by latitude and longitude, etc.); 2) create a computer file of geodetic control mark 
data; and 3) create a file in a GIS format. The geodetic database contains information regarding 
permanent survey monuments (control marks) in Minnesota and tracks geodetic projects and 
work completed.

Additional information including App Steward, App coordinator, data classification, app portfolio 
manager.

Table 6 Example of how applications are defined in the business data catalog

Ohio DOT – Transportation Asset Management and Data Governance Overview
The Ohio DOT uses a data governance framework to establish guidelines and rules of engagement for 
business and management activities of enterprise data. The framework helps formalize data life cycle 
interactions between people, processes, and technologies to support positive outcomes. In terms of 
people, different bodies of governance and agency roles support the data efforts in the following levels: 
• Strategic: Executive level leaders
• Tactical: Chief data officer, data governance committee, technology council, AMLT, TSMO, TAMAG, 

Drive Ohio, WRAP, and Funding Council
• Implement: DBO, SME, ODOT staff, DoIT/PMO
• Support: CDO office, Tech staff

Each of the levels described above have a defined set of roles and responsibilities to support differ-
ent governance areas. At a strategic level, the executive leadership is responsible for setting program 
mission and vision, approving/endorsing policies and performance metrics, supporting/empowering 
standards & procedures. Committees, councils, and people at the tactical level are mainly responsible 
for planning, developing, implementing, and monitoring different governance areas. At the implementa-
tion level and support level, the staff and the subject matter experts are mainly responsible for business 
functions, program management, executing plans, enforcing policies, and collecting/monitoring/report-
ing the performance metrics.

In terms of processes and technology alignment, the three main elements of data governance organiza-
tional business drivers, governance, and data life cycle management are connected as shown in Figure 5.
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Figure 5 The data governance framework and the definitions of the roles and responsibilities help 
with establishing a common understanding of all agency staff about “what is data governance”

In March 2020, ODOT published the data governance document which lays out the data business plans 
and the data life cycle. The life cycle begins by putting together a data management plan, followed by the 
data creation step. The data could be retrieved externally (purchase/repurposed data) or collected/cre-
ated internally. The next cycle step which is the maintenance of data includes synthesizing data/cleans-
ing data, and quality management. Next, for data assimilation, process schemed and database designs 
are established. At this point, data is ready for use to be converted into information, help with business 
decisions, and get communicated across agency divisions. The data is also used in forecasting/mod-
eling, analyzing, and visualization. Next, the outcomes of data use are distributed by presentations and 
reports and disseminated through public media. Finally, as time passes some data needs to get archived 
or removed.

It’s important to recognize the relationship between data governance and IT, asking the questions What 
do we do (policy) vs. How do we do it (technology). The policy section supports the business side of the 
data governance and is supported by roles such as chief data officer and data analyst. This group is re-
sponsible for higher-level strategic items such as alignment with data governance programs and creating 
data governance policies as well as tactical level items such as managing information flow, ensuring data 
integrity/efficiency/availability, and research/best practices. The Technology section supports the ITS 
side and is supported by roles such as database admin and integration support. This group is responsible 
for architecting/creating/optimizing/maintaining databases in compliance with data governance policies 
as well as data cataloging and providing business intelligence and reporting resources.

For the next steps, ODOT is working on finalizing initial data business plans, establishing an update cycle, 
and evaluating and implementing data catalog tools. ODOT is also making efforts towards establishing 
data quality monitoring and continues to mature its capabilities.

Critical success factors, regulatory, ODOT business plan, Orga-
nizational Integration, Ohio Information Technology/Dept. of 
Admin. Services

Data Governance 
Organizational 

Business Drivers

Program Objectives, Strategic Planning, Policy, Performance Met-
rics, Standards and Procedures, Organizational Change Manage-
ment, Role and Responsibility

Governance

Plan>Create>Maintain>Assimilate>Use>Distribute>RemoveData Life Cycle 
Management
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The second topic of discussion by Peer Exchange attendees focused on other organizational elements 
of data governance including:
• Processes and Policies
• Partnerships
• Procurement

Important outcomes of these discussions are presented in detail in the next section, Discussion High-
lights for Topic 2. Highlights include the FHWA presentation on US DOT Mobility Data Business Plan 
and lessons learned and successes of Iowa DOT.

DISCUSSION HIGHLIGHTS FOR TOPIC 2

FHWA – US DOT Mobility Data Business Plan
The FHWA office of transportation operations has been supporting data governance-related efforts for 
several years. The first resource in this area was the development and implementation of best practices 
in data governance and management. FHWA then drafted a Data Business Plan (DBP) and three pilots 
were launched in Hillsborough MPO (Tampa area, Florida), Mid-America Regional Council (Kansas City 
area), and Maryland DOT. The draft guide was then rested, refined, and finalized based on the lessons 
learned from these three pilots.

The US DOT conducted a data gap assessment and uncovered contributing issues namely: data gaps, 
coordination gaps and integration. Some of the contributing factors to these gaps include inconsisten-
cies in the definition of performance measures (e.g. travel time reliability), inconsistencies in location 
referencing of data, and varying standards. Use of default values for data elements where the data is not 
independently validated and redundancies in the collection’s efforts are other contributing factors.
 
As part of the development process for the guide, a coordination group on mobility data was formally 
formed to coordinate on data issues. As a first step, specific types of roadway mobility data were identified:
• Infrastructure/inventory
• Roadway travel mobility data (speed/volume)
• Climate data
• Modal data
• Data capture activities associated with research in wireless Connected Vehicle technologies sponsored 

by the Intelligent Transportations Systems Joint Program Office

Also, the coordination group identified data quality, lack of standards, and privacy/security as three main 
cross-cutting data management issues that impact all data types. 

The Data Business Planning process is a technique designed to assist with identifying challenges, gaps, 
solutions, and action items to ensure maximum efficiency in managing data supporting business needs 
for an agency. A Data Business Plan is a plan for the efficient use of people, processes, and technolo-
gy. It links business objectives, programs, and processes to data systems, services, and products and 
guides an agency in data management practices.

Topic 2: Organizational Elements-Processes and Partnerships
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There are several benefits to data business planning. First, it will help local partners understand what 
mobility data is being collected within their organizations and at the regional level. Also, the local part-
ners will learn how the data supports mobility planning, operations, and performance measure related 
activities and who is responsible for managing/updating the data. The data business planning process 
helps solidify working relationships by identifying how partner agencies share and exchange mobility 
data, both internally and externally. Additionally, the process will help identify potential duplicative data 
collection efforts and leads to more rapid, targeted data acquisitions and reduced data 
collection/management costs in the future.

The processes/policies and procurement organizational elements are also improved during the data 
business planning. Using DBP will improve agency processes by adding more transparency and account-
ability. The plan will also help locate and take advantage of available data and information more efficient-
ly. The plan can also standardize data integration methods from multiple sources. Additionally, DBP can 
improve agency processes and systems by reducing redundancy, promoting consistency in data results, 
having more timely data and information, and having more department-wide spatial data tools.

Figure 6 USDOT Data Business Plan Guide Steps

Iowa DOT – Strategic Data Business Plan 
Iowa DOT has developed a strategic data business plan to establish data strategies, priorities, and sup-
porting tools and assess the state of data management within the Iowa DOT. The strategic data business 
plan also helps define agency-wide goals and roles for data management and create procedures for 
assessing and improving data management strategies in the future. 

Iowa DOT’s strategic data business plan is comprised of three plans:
• Data Management Strategic Plan: Targets executive-level managers and other strategic-level staff.
• Data Management Business Plan: Targets data domain trustees and other tactical-level staff.
• Data Management Action Plan: Targets data stewards and other operational-level staff
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The data management strategic plan includes key defini-
tions, existing challenges, and alignment of organizational 
strategies. The plan provides a framework that breaks down 
the governance of data to strategic-level, tactical-level, and 
operational-level. While the strategic level governance in-
cludes data oversight for all practices within the agency, the 
tactical level facilitates top-down initiatives and supports 
bottom-up improvements to data management practices. 
The operational-level governance focuses on individuals 
who can provide feedback on the practicality of policies and 
practices proposed within the agency. The strategic plan 
also helps define administrative structure as well as the 
roles and responsibilities of the executive team, committees, 
trustees, and stewards.

One of the most important parts of a strategic plan is the 
vision, mission, and principles of that strategy. Iowa DOT’s 
data vision is to utilize reliable and comprehensive data to support business decisions. Iowa DOT’s data 
mission is to provide data management processes that enable users to locate and use data for agen-
cy-wide decision-making. Additionally, Iowa DOT recognized eight main principles for its data manage-
ment practices:
• Valuable: Treat data as a valuable asset across the agency.
• Accessible: Make all data available as possible to users across the agency.
• Relevant: Provide timely and useful data for decision-making.
• Compliant: Verify data adheres to all regulations, standards, and policies to ensure the safety of data 
and its users.
• Quality: provide reliable and accurate data to meet the needs of owners and users.
• Uniform: Ensure data is not duplicated and is consistently defined and integrated.
• Secure: Protect data against internal and external threats.
• Efficient: Collect and analyze data in a manner that best utilizes available resources.

The data management business plan established the technical strategies for data management. The 
business plan describes key components of a strong data management practice, identifies key stakehold-
ers for data management activities, and provides key definitions and examples throughout. In addition, 
the plan discussed strategies and procedures to create data standards. The first step to the data stan-
dards procedure is data priority list creation, data standards identification, and data definitions. That is 
followed by establishing naming conventions, data policies, and standards implementation plan. 

The business plan also discusses strategies to improve data sharing and integration. The data sharing 
and integration procedure start with an initial assessment followed by three more in-depth assessments 
in the data qualities, IT capabilities, and data flow areas. Also, an assessment is conducted in the areas 
of linear referencing systems and data security. Additionally, various external collaboration opportunities 
are explored as well as possible data integration solutions that can be used to address the issues found 
at the assessment step. Finally, a standardized procedure is established and is provided through the data 
sharing and integration plan.

Figure 7 Organization of the Iowa DOT’s 
strategic data business plan
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The data management action plan describes the implementation of data management including the 
action items assigned to the agency. The action plan also identifies the framework for prioritizing action 
items for selection. The prioritization framework helps categorize actions based on the level of effort and 
level of impact. The recommended actions are focused on the agency’s data management goals and 
objectives and are based on the strategies identified in the business plan. The action plan also clearly 
defines key success factors for implementation, so that progress in time can be measured.

Overall, the Iowa DOT’s approach of developing a strategic plan, business plan, and action plan will help 
the agency achieve desired outcomes and impacts. The defined data management roles should help with 
clear accountability, better communications, and smooth integration. The agency-wide data management 
framework will provide a common understanding, will facilitate buy-in, and will sustain commitment. Fi-
nally, the strategic data business plan will define common goals and objectives as well as a roadmap that 
will improve business processes.
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The third topic of discussion in the peer exchange centered on Using Data in Strategic-level Decision Mak-
ing for TSMO. Opportunities and gaps were discussed related to COVID-19, resources, funding availability, 
workforce, analytics/visualization, data providers. The following aspects of the topic were discussed:
• Currently Needed and Available Data
• Currently Needed and Not Available Data

The sub-topics above are described in detail in the following section, Discussion Highlights for Topic 
3. The highlights include lessons learned and successes of Washington State DOT and MARC.

DISCUSSION HIGHLIGHTS FOR TOPIC 3

Washington DOT – Use of Traditional TSMO Data for Non-Traditional Decision-Making Needs, the 
COVID-19 Experience
This section of the peer exchange was kicked off by Daniela Bremmer on behalf of both the Washington 
DOT and the AASHTO Joint Subcommittee on System Mobility and Emerging Technologies. In the spring 
of 2020, the AASHTO Committee on Performance Based Management - Joint Subcommittee on Sys-
tem Mobility and Emerging Technologies and AASHTO Committee on Planning conducted a survey that 
questioned state DOTs on how the transportation data is being used to assist in understanding recent 
changes to travel resulting from the COVID-19 pandemic. The survey results were collected from March 
25 through April 22, 2020, and voluntary responses were received from DOTs (or equivalents) and Metro-
politan Planning Organizations from the 38 states/jurisdictions.

The purpose of the survey was to enable quick information exchange between state DOTs. This would 
allow the states to learn what others are doing to respond to the crisis as well as help in preventing and 
slowing the spread of COVID-19. The survey asked agencies to provide information in five areas:
• Types of data being used, and how the data was used
• Lane closure hours/duration modifications
• Truck traffic changes
• Data needs/gaps to better inform decision makers
• Other noteworthy practices/observations

The survey results showed that most state DOTs respondents are using transportation data to inform 
community and decision makers about changes in travel patterns including traffic volume, speed, and 
classification. Three main trends were observed in this area. First, TSMO data became a hot commodity. 
Departments of Transportation were asked for operational data to assist in understanding changes to 
travel resulting from the COVID-19 pandemic. Second, the media attention and high-level pressures were 
mounting. Many DOTs were asked to provide data to assist in understanding the movements of people 
and goods in order to plan for the enforcement of public policies such as stay at home and shelter in 
place orders. The third trend that was observed was the uncertainty in the purpose and use of data. 
Leaders were trying to determine what data should be used for what decisions, and what questions 
needed to be asked to acquire that data. (“Trying to pin the decision makers down on what decisions are 
being made.” ).

Topic 3: Current Needs–Using Data in TSMO Strategic Decision Making
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In terms of the use of traditional TSMO/operations data for non-traditional, strategic decision-making, 
the states confirmed that traffic volume, speed, and classification data were used by high-level decision 
makers to understand changes in travel patterns (short and long term) and measure the level of compli-
ance for the government stay-at-home order. In addition to changes in traffic and speed, other COVID-19 
related impacts were also observed. In work zones, a shift in road construction and maintenance times 
and project prioritization were observed. Also, there was a trend of acceleration in permitting process-
es for utility projects. Additionally, more reversible lane operations and lane closures were granted to 
advance the construction projects. 

The survey results also showed that states were split as to whether their data needs were being met 
to address these rapid challenges and questions. When questioned about real time data, getting data 
quickly was the key. States are usually not set up for real time data capture and reporting but can cap-
ture and analyze it quickly if needed. In terms of resources, many respondents expressed that they had 
the mechanisms and staff to capture, process, and analyze some basic data fairly quickly to respond to 
decision makers for high-level decisions. 

Some states mentioned that very good data collection systems are in place, however, they have limit-
ed staff/resources to deeply analyze this data. Additionally, several states indicated that due to a lack 
of sufficient data, they were unable to observe changes in truck traffic on their transportation system. 
Moving forward, based on the responses gathered, two areas that would assist state DOTs to gather and 
synthesize more real time data were process improvements and technology investments.
To best represent the data in a meaningful format, visualization tools were utilized. Several states includ-
ing Texas, Utah, Maryland, DC, and Washington state indicated that they are using dashboards for visual-
ization and effective communication of data to the public, decision makers, and other stakeholders.

Figure 8 Items included in Washington DOT’s COVID-19 dashboard

Washington DOT is an example of an agency with successful dashboard implementation using opera-
tions data that helped the agency with internal strategy and external communications. Washington state 
has seen a significant decline in travel across all modes of transportation since mid-March 2020. To 
monitor this change, there was a need to quickly build a tool that was comprehensive and easy to digest. 
Washington DOT has a long history of data analysis for performance management but never had a real 
time tracking tool such as a dashboard. The in-house staff stepped in and using a free software, table, 
created a dashboard. Multimodal travel changes in highway traffic, toll systems, ferries, transit, and pas-
senger rail ridership are reflected as executive summaries accessible through WSDOT’s website. Figure 
8 shows categories of data that have daily updates on COVID-19’s effects on items ranging from Freight 
and Safety to Aviation.

Toll Facilities

Passenger Rail

Safety

Ferries

Freight

Aviation

State Highways

Transit

Active Transportation

Counties Data

https://wsdot.wa.gov/about/covid-19-transportation-report/default.htm#WSDOTtransportationbuttons
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Partnerships in sharing data played a big role in the success of the dashboard. WSDOT was able to mon-
itor system-wide transportation changes based on data from various sources/partners including WSDOT 
Traffic Information, the Washington State Transit Association, and the Port of Seattle (Seattle-Tacoma 
International Airport). This was particularly essential with transit, passenger rail, ferries, and aviation 
data.

Washington DOT includes a performance summary page as well as detailed individual system pages. 
The performance summary page provides summaries on five key transportation performance modes 
(state highways, toll facilities, ferries, transit, and passenger rail), including the latest data compared to 
the 2019 baseline through sparklines and tables. Each summary section includes information such as 
percentage change, statewide trend over time, dropdown menu filters, and tabular data for a mode of 
travel. Each detailed individual system page provides in-depth information through maps, tabular data, 
and sparklines that can be filtered and modified based on different options. As an example, passenger 
freight had a 67% decrease compared to the baseline year of 2019, which was the highest decline among 
different modes. Figure 9 shows the passenger rail executive summary and Figure 10 shows a detailed 
individual system page.

Figure 9 Example of executive summary from Washington COVID-19 dashboard (passenger rail)

Figure 10 Example of a detailed individual system from Washington COVID-19 dashboard (passenger rail)

https://wsdot.com/travel/real-time/
https://wsdot.com/travel/real-time/
https://watransit.com/
https://www.portseattle.org/page/airport-statistics#:~:text=Operated%20by%20the%20Port%20of,of%20air%20cargo%20in%202019.
https://www.portseattle.org/page/airport-statistics#:~:text=Operated%20by%20the%20Port%20of,of%20air%20cargo%20in%202019.
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MARC – Using Data in Strategic-level Decision Making for TSMO: An MPO Perspective
The second subtopic of discussion was kicked off by the Mid-America Regional Council (MARC). MARC 
was able to present from an MPO perspective. Most MPOs have a transportation planning role in the 
region and it is rare to come across an MPO-type agency responsible for boots-on-the-ground project 
implementation. The MPO planning is done using long-term with data that is spanning over many years. 
MPOs play a big role in project prioritization and may be responsible for developing the criteria for allo-
cating funding to projects. 

What makes the funding decisions more challenging is that decisions need to be made early in the 
project development process when detailed information is not available to assess the impact of the 
project. Additionally, the ultimate decision makers, local elected officials supported by city staff, are 
more comfortable with allocating funding to traditional capacity and construction projects compared to 
TSMO type projects that are more based on strategy/management tactics. For this challenge, MPO can 
play a positive role by adding TSMO-related criteria for scoring projects. As an example, Table 10 shows 
MARC’s WAMPO project selection criteria include a factor for improving travel time reliability.

Although not ideal, having measures such as one shared in the example above helps with showcasing 
the benefits of TSMO projects to decision makers. When detailed data/analysis is not available, using 
qualitative measures helps capture the benefits of operations-focused projects. Communicating these 
benefits as well as educating the stakeholders is also very important. The average city traffic engineer is 
not very knowledgeable about the benefits of TSMO strategies, so it is vital to share appropriate scoring 
tools with them and help educate them.

In many agencies, legacy criteria are used for scoring TSMO projects. For MARC, the only difference in 
scoring between TSMO projects and capacity projects is TSMO projects are not scored on LOS or AADT. 
Additionally, many times, the selection criteria are based on the characteristics of the roadway such as 
level of congestion, crash experience, etc., and not based on how much improvement the project is going 
to make to solve those issues.

From an MPO perspective, the cost to acquire and collect data is always an important consideration. 
Free data sources are taken advantage of such as Highway Performance Monitoring System (HPMS) but 
there are limitations to the elements that are covered. The datasets that are purchased by the state and 
are sharable with local agencies and MPOs through agreements and negotiations are another source 
of data. The timeliness of data is another challenge that faces agencies. The crash data is an example 
where the data may not be available for at least 12 months which would make it difficult to use as a mea-

Table 10 Example of TSMO-related selection criteria for MARC’s WAMPO projects

Excellent

Good

Acceptable

If a project is solely devoted to technology or other design features 
intended to increase travel time reliability

If at least 50% of the project budget is devoted to technology or other 
design features intended to increase travel time reliability

If the project includes technology or other design features intended to 
increase travel time reliability
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sure for project selection. 

Another time-related data challenge is what baseline volume data should be used for congestion-related 
grants. For most places, it might make sense to use 2019 volumes as the baseline, however, there are 
certain jurisdictions with heavy truck traffic that would like to also consider 2020 and 2021 traffic data 
to track changes. Defining what the new normal will look like in terms of operation and safety baselines 
is a question that will be essential in both short-term and long-term transportation decisions. Standard-
ization is also another data challenge for MPOs since the data collected from different member juris-
dictions do not always match up. Additionally, when learning from other agencies and MPOs on best 
practices, a lot of customization will need to occur to those practices to make them implementable in 
the region.

Another challenge that MPOs face when analyzing data is the lack of proper tools. Agencies need to 
decide to build in-house tools or use the vendor-owned off-the-shelf tools. The built in-house products 
are costly and time consuming. On the other hand, the vendor products have black box issues where the 
analysis is considered proprietary. If the vendor makes improvements to its tools over time, it becomes 
difficult to compare data throughout different periods using that tool. If the vendor is changed, the agen-
cy needs to use a new tool that will have a different methodology and assumptions in analyzing data. 

Gaps that exist for data management workforce expertise are another challenge. The MPO sizes vary 
considerably in terms of population and area size, thus the resources available to the MPO varies dras-
tically. The staff turnover especially with data positions is also a big challenge. When a staff person 
leaves the organization, it is very hard to pass over all the accumulated knowledge of working with data 
to the next staff person. Additionally, the expertise of member jurisdictions within an MPO is vastly dif-
ferent. While some cities have several engineers on staff, small towns/rural areas are very dependent on 
consultants. Moving forward, finding solutions to these MPO/local agency issues is especially important 
as we are thinking about expanding TSMO concepts from freeways to arterials.
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The future data needs related to strategic-level decision making for TSMO was the fourth topic of dis-
cussion in the peer exchange. The following aspects of the topic were discussed:
• Defining Data Analytics
• Data Analytics Tools

The two sub-topics above are described in detail in the following section, Discussion Highlights for 
Topic 4. 

DISCUSSION HIGHLIGHTS FOR TOPIC 4

This section of the peer exchange was kicked off by 
providing a brief overview and insights from multiple 
resources available in the NOCoE Knowledge Center 
(webinars, cases studies, and previous presentations) 
and other online sources. In the data management dis-
cussion, a framework was established based on data 
by topic area in transportation and comparison of con-
cepts such as descriptive, predictive, and prescriptive 
analytics. The discussion on strategic decision making 
included multiple examples of how agencies used data 
management tools and procedures for informed and 
proactive decision making. 

Operations is a significant data generator in comparison 
to other transportation areas of practice. According to 
Bob McQueen as presented at the webinar, Big Data 
Analytics in Transportation Systems Management and 
Operations, operations data accounts for 50% of all transportation data (See Figure 11)

Data analytics can be divided into the following three categories:
• Descriptive analytics: Descriptive analytics has the purpose of preparing and analyzing historical data 

to answer the question “what has happened?”. 
• Predictive analytics: Predictive analytics use data to predict future trends and answer the question 

“what could happen?”. 
• Prescriptive analytics: Prescriptive analytics is the use of data to evaluate possible outcomes and 

answer the question “what should we do?”.

The discussion continued by sharing examples and case studies of agencies using analytics, machine 
learning, and Artificial Intelligence (AI) tools for strategic decision making. The first example was a case 
study on Iowa’s comprehensive work zone program. As part of a five-year work zone management ser-
vice layer plan, Iowa DOT laid out its tactical areas for work zones. The plan helped establish a definition 
for Traffic Critical Projects to determine which types of highway projects require additional work zone 
management attention. Based on this plan, a two-step process, answering the following questions, de-

Topic 4: Future Needs-Using Data in TSMO Strategic Decision Making

Figure 11 Operations is a significant data 
generator (Source: Webinar, Big Data Analyt-
ics in Transportation systems Management 

and Operations, Bob McQueen)

https://transportationops.org/ondemand-learning/webinar-big-data-analytics-transportation-systems-management-and-operations
https://transportationops.org/case-studies/iowa%E2%80%99s-comprehensive-work-zone-program
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termines if an added level of planning is needed: 
• Does the proposed work qualify as a Traffic Critical Projects?
• Is the project designated as significant?

For projects that meet the two requirements described above, Iowa DOT implements a variety of strat-
egies including monitoring and providing feedback using real-time performance monitoring, extra 
enforcement, smart arrow boards, and an Iowa work zone data hub. On a higher level, Iowa DOT also 
established a work zone council, annual work zone safety awards, and improved data-driven work zone 
process review procedures for Traffic Critical Projects. Iowa DOT is partnering with Iowa State Univer-
sity InTrans in using a machine learning tool to develop an application that identifies slow and stopped 
conditions and sends text alerts with camera images during sustained traffic delays to the relevant DOT 
employees. This allows those responsible for day-to-day operations to have an immediate awareness of 
traffic delays.

The next topic of discussion was sharing examples of data driven cutting-edge solutions that students 
proposed as part of the NOCoE Transportation Technology Tournament (TTT). The first example was the 
2020 TTT submission from the Auburn University team which proposed a solution to detect and esti-
mate the risk of Wrong-Way Driving (WWD) incidents using deep learning techniques. Traditionally, solu-
tions such as loop detectors or radar detectors have been used which are proven to be too costly with a 
long lead construction time. The deep learning-based methods, on the other hand, only rely on analyzing 
data collected from basic portable road cameras.

The student team designed a traffic monitoring system based on deep learning using 5000 hours of vid-
eo from 58 partial cloverleaves interchanges in 11 states. Once the video footage was collected, analyt-
ical tracking techniques were applied to recognize WWD movements. This solution provided a low-cost 
methodology to extract traffic information from existing videos or real time monitors. Additionally, this 
solution has been proved to have higher accuracy in detecting WWD incidents than manually watching 
the footage.

The second example discussed under this section was NOCoE’s case study of accelerating Vision Zero 
with advanced video analytics including video-based network-wide conflict and speed analysis from the 
city of Bellevue, WA. The city leveraged video monitoring techniques to provide important and use-
ful data on traffic volumes, road user speeds, and near-crash traffic conflict indicators. The data was 
collected from the City of Bellevue’s network of existing 360 HD traffic safety cameras on 40 selected 
intersections representing different geographic locations, land uses, population density, and road geom-
etry. The cameras collected data daily (16 hours per day) for a week (7 days) in September 2019, result-
ing in approximately 5,000 hours of footage with 8.25 million road user observations and 20,000 critical 
conflict interactions. Vendor software platforms that were based on advanced artificial intelligence 
algorithms were used to analyze data on near-crash incidents to identify future safety issues.

https://transportationops.org/transportation-technology-tournament
https://transportationops.org/case-studies/accelerating-vision-zero-advanced-video-analytics-video-based-network-wide-conflict-and
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The last day of the peer exchange included roundtable discussions on organization and workforce 
implications for TSMO data governance. The following section, Discussion Highlights from Roundtable, 
summarizes lessons learned and successes of agencies and roundtable discussions.

DISCUSSION HIGHLIGHTS FROM ROUNDTABLE

The last day of peer exchange was dedicated to the topic of workforce and data governance. The day 
was kicked off by a brief overview of the NCHRP TSMO Workforce project. NCHRP 20-7 (408) TSMO 
Workforce – Skills, Positions, Recruitment, Retention, and Career Development was completed in 2019 
and included 19 different position descriptions. Among those identified positions, three were directly 
related to data: data management specialist, artificial intelligence scientist, and transportation data ethi-
cist. Each of these positions adds to the potential of agency CMM Improvement. 

A data management specialist can support the agency through the current massive trends of growth in 
amounts of operations data and develop a big data architecture from collection to preparation to ana-
lytics and visualization and access management. One thing that was noted in the discussion was that 
often the main focus during the hiring process is the knowledge of the person and not so much focus on 
the person’s skills and abilities, although the skills and abilities are especially important in case of a data 
management specialist.

Artificial Intelligence is an area that is being used more 
and more in many DOT functions. A wide range of AI 
functions and their transportation uses are listed below: 
• Nonlinear Prediction: Traffic demand modeling; 

modeling the transportation infrastructure health as a 
function of traffic, construction, and weathering. 

• Control Functions: Signal control of traffic at road 
intersections, ramp metering on freeways, dynamic 
route guidance, and traffic flow harmonization.

• Pattern Recognition: Automatic incident detection, 
image processing for traffic data collection and for 
identifying cracks in pavements or bridge structures, 
and transportation equipment diagnosis.

• Clustering: Identifying specific classes of drivers 
based on driver behavior.

• Planning: Support simulation and activity-based models.
• Decision Making: Deciding whether to build a new road, how much money should be allocated to main-

tenance and rehabilitation activities and which road segments or bridges to maintain, and whether to 
divert traffic to an alternative route during a traffic incident.

Roundtable Discussion: Organization and Workforce Implications for 
TSMO Data Governance

Figure 12 Transportation Data Ethicist CMM 
Improvement Potential

https://transportationops.org/workforce/model-tsmo-position-descriptions
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Transportation Data Ethicist has the stewardship of the data especially in the areas of data protection 
and privacy policies. The data ethicist has the authority on public sector collected information, so it does 
not violate privacy laws, rules, or expectations.

The peer exchange attendees shared that the motor vehicle division might have the most appropriate 
background and need on data ethics since they already manage personal identification data and facial 
recognition and need to comply with ongoing regulations and federal policies. Also, data privacy is a big 
conversation in the Connected and Automated Vehicle (CAV) world. Another potential model for dealing 
with personally identifiable information issues might be using processes similar to the way DOTs cur-
rently handle crash data.

As an example of a potential solution, Ohio DOT shared how data security platforms such as VARONIS 
are used to track access to the DOT’s sensitive information and unstructured data repository, monitor if 
confidential files/folders are opened, see who have access, and flag unauthorized access.

Another topic of discussion was the workforce impacts of 
automation. Data collection and data processing are among 
the most susceptible activities that can be automated in the 
future. Figure 13 demonstrates a framework that categorizes 
activities based on repetitiveness and cognition.

There are a variety of potential TSMO-related activities that 
could benefit from automation. 511 call center support is 
an example of a job that is mostly repetitive and can be 
automated. The use of drones also has mainstreamed  data 
collection and inspection work for DOTs. Having driverless 
vehicles for high-risk situations such as attenuator trucks in 
an incident or work zone would save many lives. 

Automation can also reduce worker exposure during con-
struction, maintenance, and incident management activities. 
Automated mowing is another area of opportunity as it 
might be more cost-effective and is much safer compared to 
manual mowing. This practice is currently used in the private and commercial sectors and some DOTs 
are looking into it to see how it would apply to roadside mowing.

Next, there was a discussion around the biggest challenges that the TSMO industry is facing as it relates 
to the data governance workforce. Developing and growing a data governance workforce that can sup-
port TSMO activities remains a challenge. One of the issues that is currently happening in many agen-
cies is that the appropriate set of classifications do not exist for hiring operations-related data positions. 
As a temporary solution, IT positions are advertised to get the high level data experience that is needed. 
However, this creates issues with the new hires not having proper business and background knowledge 
in transportation operations. Retention is a big issue with other DOT employees who manage datasets 
and conduct analytics whose positions are kept in a lower classification. Few departments of transpor-
tation have chief data officer positions, however, more and more agencies are discussing creating this 
position.

Figure 13 A framework for categorizing 
activities to analyze workforce impacts 

of the automation
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Additionally, for some agencies,  workforce issues arise during a crisis when somebody retires or leaves 
a position. More proactive measures would help agencies prevent a loss of institutional knowledge in 
the area of data management. Another challenge is that even though there are many discussions around 
different data policies and management practices, itdoes not always lead to actions and implementa-
tion.. People are uncomfortable making decisions often due to lack of experience with data issues, so 
execution is a struggle. Often it takes a champion from staff to help decision makers see the long term 
benefits of making changes to data management.

From an individual perspective, staff might think creating data category roles will limit how things are 
done and hinder efficiency., sod areherefore hesitant in supporting the creation of new data-specific 
roles. A change in the organization might be intimidating for all team members who find themselves 
impacted  and they might be inclined to stay within their comfort zone working on data in silos. The 
other perspective of this workforce issue is that working with data becomes an add-on task for already 
over-committed staff who might not have the interest or proper training to fully comprehend data and 
information extracted from it.

Another important consideration for agencies is how data comes to the institute, for example, inn what 
areas it is in the best interest of the agency to buy curated data and in what areas the raw data? Also, the 
business model may differ depending on the data type (e.g. new data collection, subscription, dash-
boards, etc.). When outsourcing the data support to the private sector, there is a need for training of the 
in-house subject-matter experts to better interface with data professionals.

The day concluded with a workforce roundtable with agencies sharing data-related position descrip-
tions, workforce initiatives, and areas with increased demand. Example position descriptions that were 
shared included:
• Planning Position with Data-related Tasks at TN DOT (View Description)
• Technical Project Manager Position at MARC (View Description)
• Data-related Position Descriptions at Minnesota DOT
• Safety Data Analyst – Emergency Management Section, Office of Administration at Minnesota DOT 

(View Description)
• TAMS Signals and Lighting Coordinator – Asset Management Office at Minnesota DOT (View Descrip-

tion)
• Performance and Investment Data Analyst – Office of Transportation System Management at Minne-

sota DOT
• Financial and Economic Analyst – Office of Finance at Minnesota DOT (View Description)
• Traffic Monitoring Program Supervisor – Traffic Forecasting and Analysis Section at Minnesota DOT 

(View Description)
• Bridge Asset Data Analyst – Bridge Office at Minnesota DOT (View Description)

The next roundtable discussion centered onworkforce related initiatives that agencies are undertaking. 
The TDOT ITS division has been investing to support data-driven research efforts such as the advanced 
crash prediction using a machine learning algorithm led by Vanderbilt University. TDOT is assisting the 
university by sharing RDS data, traffic and accident data using E-trims, and any other information need-
ed. After completion of the research, the TDOT ITS team will implement the outcome in the Tennessee 
road network to determine the probable location of the HELP truck so that the emergency responders 
can help the people within a short time.

https://transops.s3.amazonaws.com/uploaded_files/Data-related%20Position%20Descriptions.pdf
https://transops.s3.amazonaws.com/uploaded_files/Data-related%20Position%20Descriptions.pdf
https://transops.s3.amazonaws.com/uploaded_files/MN%20DOT%20Position%20Description-Safety%20Data%20Analyst.pdf
https://transops.s3.amazonaws.com/uploaded_files/MN%20DOT%20Position%20Description-TAMS%20Signals%20%26%20Lighting%20Coordinator.pdf
https://transops.s3.amazonaws.com/uploaded_files/MN%20DOT%20Position%20Description-TAMS%20Signals%20%26%20Lighting%20Coordinator.pdf
https://transops.s3.amazonaws.com/uploaded_files/MN%20DOT%20Position%20Description-Financial%20%26%20Economic%20Analyst.pdf
https://transops.s3.amazonaws.com/uploaded_files/MN%20DOT%20Position%20Description-Traffic%20Monitoring%20Program%20Supervisor.pdf
https://transops.s3.amazonaws.com/uploaded_files/MN%20DOT%20Position%20Description-Bridge%20Asset%20Data%20Analyst.pdf


NOCoE Asset Management Virtual Peer Exchange 27

Another example is the University of Tennessee at Knoxville providing research support for the Traffic 
Operation Division of TDOT. The university receives RDS data and sends TDOT the consolidated report. 
The report shows the traffic speed, traffic volume, traffic flow parameters, occupancy, and categories 
of vehicles. The reports are shared with the Chattanooga Hamilton County department to support their 
operational activities.
Metroplan Orlando has established a workforce task force through its TSMO Committee to develop 
training and educational materials to expose high schools, community colleges, and workforce orga-
nizations to occupations in transportation. A focus is on technicians since a shortage in this area was 
identified.

In the last part of the roundtable, there was a discussion on what areas of TSMO can potentially hire 
more people due to increased demand. The following needs were identified:
• Field technicians
• Traffic Signal Maintenance (Data input, including CV devices)
• IT Services (locally hosted solution)
• TMC Management
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