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1.0  Introduction 

1.1 Disclaimer 
The views expressed in this document do not represent the opinions of the Federal Highway 

Administration (FHWA) and do not constitute an endorsement, recommendation or specification by 

FHWA. The document is based on research conducted by Texas A&M Transportation Institute.  

1.2 Report Purpose 

This report was funded by the Broad Area Agency research program by FHWA. The purpose of the 

report is to inform state departments of transportation and metropolitan planning organizations (MPOs) 

on scenario building methods using the Travel Time Index (TTI) and regional long range planning models. 

The purpose of this study was to develop a method to assert changes to a travel model in response to 

the question, “what would it take to not let congestion get worse?” Many strategies to address this 

question could not be tested with a regional trip-based travel demand model (TDM). However, elements 

of trip-based TDMs that can be changed—trip reduction by trip purpose or geography, trip length 

changes, intrazonal trip capture, and mode shifts—can reflect the types of travel behavior changes that 

would result from the introduction of specific congestion reduction strategies.  

Trip based TDMs are not detailed enough to be used for analysis of specific policies and strategies that 

are aimed at reducing congestion. However, changes to TDMs can be asserted that reflect the results of 

such policies. The question then becomes one of how the model is being used—either as a predictive 

tool or as an exploratory/experimental tool. In the case study presented, the method of using the TDM 

is the latter. 

In this study, TTI—the ratio of peak travel time to free flow travel time—is used as a measure to indicate 

the reasonableness of asserted changes made to a trip-based TDM that reflect the behavioral changes 

that could be brought about as a result of specific congestion reduction strategies. 

1.3 Report Organization 

This report is organized into the following sections: 

• Planning, Forecasting, and Uncertainty – This section discusses long range planning, the use of 

TDMs, uncertainty in forecasting, the purpose of calibration, and scenario based planning. 

• Application of Congestion Scenarios Process – This section discusses the methods used to adjust 

models to reflect various potential changes in the transportation system. 

• Step-by-Step Guide to Forecasting Congestion Scenarios – This section details the steps needed 

to produce the calculations using a trip based model. 
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2.0  Planning, Forecasting, and Uncertainty 

2.1 Why We Use Models in Planning  
Transportation planning is the process of collaboratively using existing information and future goals and 

objectives to develop a future transportation system. Forecasting models are used to describe the 

transportation system, both in the existing condition and in various future conditions. Models are used 

to predict, to the best of planners’ knowledge, the impacts of growth, travel behavior, and system 

performance in various future forms. In metropolitan cities, a regional long range transportation plan, 

required by federal law, describes these elements and their expected trends. Models are used to 

measure the impacts of the long range transportation plan, including the impact of the planned projects 

on vehicle emissions. 

Forecast models are developed from data that describe the physical transportation system (roads, 

transit, etc.) and data that describe how people use the system, also called behavioral data. Travel 

surveys of households and workplaces give planners data about behavior of people using the system, 

such as when they travel, how often, where they go, the purpose of the travel, and the mode and route 

they usually take. 

A well-calibrated model is effective in assessing impacts of future capacity additions, given that the 

calibration target of measured behavior remains consistent in the forecast year. The accuracy of the 

model forecast is only as good as the accuracy of the forecasted inputs, and it is only as good as how 

well the data used to calibrate the model describe future travel behavior and choices. If travel behavior 

changes, the assumptions about trip rates, trip lengths, and other constants may become less accurate 

in describing future travel choices. 

Experience tells modelers that travel behavior changes very slowly over time in response to economic, 

social, or physical changes. Economically, transportation cost can play a role in people’s travel choices 

and economic conditions have an impact on mobility needs such as getting to jobs, making deliveries, 

and other travel activities. Transportation behavior can also be impacted by social changes over time, 

such as household size and the number of workers in a household compared to the number of vehicles 

available. Physical changes to the transportation system can also have an impact. The addition of a new 

roadway may provide a faster route for some trips. 

These slow moving economic, social, and physical changes to the transportation environment are well 

known to planners because they can be tracked over time, and the trend can be anticipated to continue, 

reasonably, into the future. Models that are calibrated to recent past conditions are very useful in 

predicting future travel behavior in this type of slow-changing transportation and urban activity system.  

But what if slow, steady change is not what is expected? What if the future was expected to be different 

in some significant way? What if planners wanted to provide forecast models of a shifting course away 

from trending travel behavior? Is there a disruptive change that is expected to dramatically alter travel 

behavior, such as the advent of automated transportation and services? 

2.2 Two Ways to Use a Travel Model 

The typical way that a model is applied to make a forecast is to simply change the input population and 

employment growth and apply the calibrated model using the new growth (and usually, growth 
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distribution around a region). This type of typical application is done to show what will happen if travel 

behavior—the choices about frequency, mode, route, and location of trip making—stays consistently at 

the level measured in travel surveys. This type of model application is directed at showing the impact of 

continuing trends.  

We can say that a model used in this manner is being applied in a predictive way. The objective 

performance question that is being posed is: “What outcomes can we expect if we continue with 

business as usual?” The resulting question about accuracy for this type of forecast is, “Will trends 

continue as they have been, well into the future?” 

A model can also be used to forecast a shift away from trends. In this type of modeling, the analyst may 

change the frequency of trip making for a particular purpose, or change the trip length, time of day, 

mode, or routing choices. Using a model in this way can be thought of as exploratory. The objective of 

this type of modeling is to forecast the outcomes as if a change in behavior was going to take place. The 

question would be, “What if we changed travel behavior in a significant way?” The resulting question 

about accuracy for this type of forecast is, “Are the shifts imposed on the model reasonable and 

consistent with known conditions?” 

In addition to application of models with different objectives in mind, modeling analysts may wish to 

also find out the level, or quantity, of travel behavior change that it would take to reach a specific 

system performance condition. The objective question here would be, “What would it take to yield a 

condition of x,” where x is the system performance condition desired. Table 1 lists the context for 

different methods of applying travel models. 

This report presents one method to produce a reasonable experimental forecast using long range TDMs 

to achieve a specific performance objective. While reasonableness is a subjective decision, the use of a 

calibrated speed model to calculate a TTI provides a basis for assessment of reasonableness in 

exploratory modeling. 

Table 1. Context of Model Application Types 

Type of Model Application Objective Measured Outcomes 

Predictive What will the future be? System condition if current 

behavior and trends continue 

Exploratory: Scenario Analysis What impacts will these scenarios 

have? 

System condition if these scenarios 

come to be 

Exploratory: Experimental 

Analysis 

What will it take to achieve x 

performance condition? 

How much change in behavior will 

be needed to achieve desired 

outcome 

 

2.3 Trends, Alternatives and Scenarios: What’s the Difference? 
The use of the word trend in transportation forecasting refers to the patterns of growth and travel 

behavior that have been observed over time. An alternative is an application of a transportation system 

within a transportation plan. A scenario is not an alternative and usually differs from the trend, although 

the trend can be considered one of the scenarios for thinking about the future (Bauer, Ange, & 

Twaddell, 2015). 



Analysis of Congestion Scenarios Using Travel Forecasting Models 

 

 5 
  

 

Scenario planning is a method used in strategic planning to make significant changes to aspects of future 

forecasts so that decisions, plans, policies, and alternative solutions can be tested under a variety of 

conditions. Scenarios are often described in narratives, as a what-if condition for the future. 

For most of the latter half of the 20th century, the technology available for transportation remained 

fundamentally unchanged. Most people used private automobiles as massive levels of investment in 

highways, parking, and urban arterials spread across the world. Where the automobile could not keep 

up with demand due to limited space, mass transit systems were put in place. Most of the technology in 

use was invented in the late 1800s and early 1900s and remained relatively unchanged. 

The stable transportation technology environment meant that transportation planners could calibrate 

models to existing travel choices people were making, using cars, buses, trains, walking, and biking to 

meet their daily activity needs. Planners and modelers could look at the existing system performance, 

add expected growth in population and employment, and evaluate the needs to inform the decision 

making process. 

However, late in the 20th century the introduction of mass personal communication through use of the 

internet began to transform how people satisfied their daily activities, such as going to work or buying a 

needed household item. Personal communication devices penetrated almost every home, empowering 

people to work remotely and shop remotely. Computer robotics has now become a reality, in a testing 

prototype environment as of 2016, to create cars that drive themselves. These advances could bring 

about changes in the way people satisfy their daily activity needs.  

Transportation planners, collaborators, stakeholders, and decision makers are increasingly faced with 

the proposition that the future will be different from the past. The stakes have changed for planners and 

modelers. In the past, during a time of slow moving change, modelers were able to survey choices 

people were making, add growth, and relatively accurately predict the impacts into the future. 

Modelers are now faced with more uncertainty about the future than they were in the recent past. 

Models that are calibrated to existing conditions and observed travel choices may not be reflective of a 

future where communication is easily accomplished through personal communication devices and 

efficient portable computer platforms. Robotics and automated systems may transform how we use the 

transportation system to go to work, collaborate, share ideas, and access goods and services. In this 

planning environment, modelers will need to work with planners and decision makers to go beyond the 

simple growth-plus modeling practices of the past. Modelers will need to adjust parameters and 

methods to account for the impacts of new technology on travel behavior and system performance, in 

addition to growth. 

2.4 Transformational Change and Uncertainty 
In times of slow moving change, long range travel models have been very useful in showing the impact 

of continuing the trending pattern of usage of the transportation system. This type of forecasting is 

useful to display the impact of business-as-usual travel behavior when future growth in population and 

employment is added. When an unexpected event happens, such as an economic downturn, these 

business-as-usual forecasts will probably still be plausible, but simply have a reduced impact as the 

event slows growth over time. 
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Another type of unexpected event is one where a transformational event occurs. Transformational 

events are significant events that cause a change in the characteristics of the urban region to the degree 

that negates the use of business-as-usual forecasting. An example of this type of event was Hurricane 

Katrina in 2005 that transformed the region of New Orleans to an extent that recent forecasts could not 

be used because of the significant changes the catastrophe had to the metropolitan region. Significant 

urban planning and urban redevelopment has occurred since the event, which puts New Orleans on a 

path to growth, but significantly changed from the trend expected before the hurricane. 

Another type of change is one that is not related to a single catastrophic event but is expected to 

transform the patterns of growth and behavior in a metropolitan region. This type of change is impactful 

over time to a degree that people begin to transform their choices made about urban travel. This type of 

change is occurring now across the world in response to advancements made in communications and 

transportation technologies. 

A recent report from the Transportation Research Board Executive Committee’s Task Force on 

Transformational Technologies listed eight broad areas of transformational change currently impacting 

transportation: 

1. Policy development. 

2. Vehicles. 

3. Infrastructure. 

4. Personal technology (tech). 

5. Communications, computation, and big data. 

6. Insurance, standards, and security. 

7. Mobility services. 

8. Convening, deployment, and evaluation (Mohaddes, 2016). 

2.5 Performance Based Planning and Programming and the TTI 

Performance Based Planning and Programming (PBPP) is described in several reports and in federal 

legislative requirements for long range plans, including Metropolitan Transportation Plans (MTP). PBPP 

can be described as follows: 

PBPP is a data-driven, strategic approach, providing for public and stakeholder 

involvement and accountability, in order to make investment and policy decisions to 

attain desired performance outcomes for the multimodal transportation system. 

(Grant, McKeeman, & et.al., 2014) 

Long range MTP, historically, have not been subject to performance management. Recent federal 

transportation legislation has made PBPP a required core element of the metropolitan transportation 

planning process. 

Essentially, PBPP is a way to monitor implementation of a transportation plan, adjust it as necessary, to 

tie activities to plans and ensure performance goals are met. The technique described in this document 

is one method to measure overall traffic congestion impacts of long range transportation plans through 

the use of TDMs in common usage across the United States. 
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TTI is described in detail the next chapter. TTI is a measure that is used as the common basis for defining 

the performance of the existing transportation systems in metropolitan regions across the United 

States. Each year, since 1982, the Texas A&M Transportation Institute has published the Urban Mobility 

Report, recently in cooperation with the INRIX Corporation (Schrank, Eisele, Lomax, & Bak, 2015). 

TTI is measured for 471 urban areas in the United States and provides an annual measure of congestion 

for each metropolitan region. This information tracks the performance of the urban area according the 

measured travel times comprising the TTI. However, there is not an equivalent document that indicates 

the expected performance of long range transportation plans through a common measure, such as the 

TTI. 

This report provides a detailed description on how a TTI can be calculated using long range TDMs in 

common usage in the United States. The index is calibrated to the base condition of travel times 

measured and published each year in the Urban Mobility Scorecard. By using the methodology in this 

document, planners and modelers can determine the impact that long range plans, such as the MTP, will 

have on travel times and overall congestion. Using the index as a common measure allows for 

comparison with the base year, existing, condition and can also be used to compare plan impacts across 

metropolitan regions. 
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3.0 Application of the Congestion Scenarios Process 

3.1 TTI 
TTI is the ratio of peak period travel time to free flow travel time, resulting in a measurement of an 

average congested condition across AM and PM peak periods. Because it is a ratio, the value does not 

include the mileage of trip and can therefore be used to compare different cities. The measure is either 

derived from weighted speed models based on the Highway Performance Monitoring System or it is 

calculated directly using speeds gathered passively through cellular and/or global positioning system 

(GPS) data.  

The annual Urban Mobility Scorecard is produced by the Texas A&M Transportation Institute in 

cooperation with INRIX. INRIX provides GPS/cellular speed data. The speeds are weighted by vehicle 

miles of travel (VMT) on segments of roadway. FHWA’s Urban Congestion Reports are produced in a 

similar manner using Highway Performance Monitoring System data on a quarterly basis. Both reports 

produce TTI rankings of metropolitan areas across the United States.  

A forecasted TTI can be used in several ways, including: 

1. Comparison of a no-build future with the MTP.  

2. Comparison of various scenarios of trip reduction, mode shift, time of day of travel. 

3. Measuring congestion for regional analysis and corridor specific analysis. 

Another source of TTI is the quarterly published Urban Congestion Report, produced by FHWA’s 

Operations Performance Measurement Program, 

https://ops.fhwa.dot.gov/perf_measurement/ucr/index.htm. 

3.2 Building Strategic Congestion Scenarios in a Trip Based Model 

We will use the Capital Area MPO (CAMPO) model (2010–2035) as a case study to explain how the 

calibrated forecasted TTI can be used to build scenarios for a long range transportation strategy. This 

process asserts various changes to parameters and outputs of the TDM to show the impacts of trip 

reduction, mode shift, time of day shift, and a land use scenario on regional travel times and congestion. 

Figure 1 is the overall process used to build congestion scenarios and measure their impact using a 

regional TDM and a forecasted TTI. This process will be described in detail in coming chapters. 

https://ops.fhwa.dot.gov/perf_measurement/ucr/index.htm
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Figure 1. Congestion Scenario Process 

3.3 Alternative Strategies and Measurement 

Given the forecast population and vehicles in the region, researchers identified strategies to address the 

congestion problems related to the rapid growth. 

Six transportation strategies were framed for evaluation. The impact of not building any additional 

capacity (no build) and adding the capacity from the CAMPO 2035 Regional Transportation Plan were 

the first two strategies tested. The other strategies included telecommuting, peak shift, mode shift, and 

a land use change strategy based on concentrating population and employment in activity centers. 

Each of the strategies, including the CAMPO Plan strategy, was measured for its impact on travel times 

and congestion in the region. All strategies were tested using the TTI as the performance measure. 

While there are many aspects to each strategy, this study focused exclusively on the impact each 

strategy was likely to have on congestion, as measured by the TTI. 

Figure 2 depicts the Austin area’s actual and trend TTI.  
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Source: Lomax and Shrank, 2012 

Figure 2. Austin Area TTI—Actual and Forecast Trend 

 
For each of the alternative scenarios, researchers used the 7 a.m. to 9 a.m. peak period because it is 

readily available in the CAMPO model. The quantification of values in each strategy is not predictive in 

this study, but instead were imposed. It is simply a what would it take or what-if type of analysis. The 

charts offered do not predict levels of participation in each strategy. The assumptions of the level of 

participation are just that—assumptions. However, the impact on congestion and the related TTI 

allows an apples-to-apples comparison of the relative impact of each. These examples are showing 

the use of a trip-based TDM in an exploratory manner. 

3.4 Strategies Examined 

Six strategies were examined using the 2035 long range travel demand forecasting model from CAMPO. 

These strategies were examined in a cumulative manner, with the effects of one strategy building upon 

the congestion reduction impacts of the others. 

The experiments examined in this study were performed by asserting changes to the trip-base CAMPO 

regional TDM. Taken individually, they are called strategies; taken cumulatively they form a future 

scenario—a scenario that meets the goals of the experiment. In this case study, the objective of the 

scenario was to bring the TTI down to a 1.20 value. 
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Table 2 shows the method of representing each strategy in the CAMPO trip-based TDM. 

Table 2. Trip-based Model Adjustments for Transportation Strategies 

3.4.1  CAMPO Plan  

The CAMPO Plan strategy is a program of roadway and transit improvements. The CAMPO Plan also 

includes various other non-capacity strategies, but for this study, the CAMPO Plan refers only to the 

capacity improvements (roadway and transit). Researchers also added managed lanes on I-35 to the 

roadway network, which were not in the adopted plan because of funding constraints. 

3.4.2 Telecommuting  

The telecommuting strategy is designed to represent a 10 percent level of telecommuting, on average, 

throughout the five-county CAMPO region. While named telecommuting, there are demographic 

changes that could contribute to this level of trip reduction, such as a higher number of retirees in the 

region or fewer workers being added to the total regional workforce. For example, a 10 percent level of 

telecommuting equates to every second worker in the region taking one day a week to work at home, 

on average. No trips were added to reflect travel on days where a worker did not commute; the 

assumption was that all travel generated by each worker telecommuting was eliminated. 

3.4.3 Peak Shift 

This strategy assumes shifting 12 percent of travel from the AM peak period (7 a.m. to 9 a.m.) to pre-

peak and post-peak periods. To accomplish this, a 5 percent shift in total travel to earlier hours and a 

7 percent shift of trips to between 9 a.m. and 11:00 a.m. was assumed. 

3.4.4 Mode Shift 

This strategy represents increasing use of alternatives to the single-occupant vehicle (SOV), through 

more transit, biking, and walking trips in the AM peak period. No detail on which alternative mode was 

chosen is specified. SOV trips are simply taken out of the regional trip table. 

Transportation Strategy Model Adjustment Method Potential Refinements 

Build the Plan Added capacity 
Add or delete large expensive highway or 

transit projects 

Telecommuting 
Reduce Home Based Work (HBW) 

productions/attractions 

Stratify by income, limit to service 

employment, add HNW trips as 

replacement 

Peak Shift 
Adjust diurnal factors for AM peak 

period 

Adjust for PM periods; limit to HBW trips; 

limit to congested trips 

Mode Shift 
Reduce SOV trip table for transit-

accessible TAZs 

Limit to short trips in accessible bike/ped 

TAZs; adjust for high-occupancy vehicle 

(HOV) also; vary by trip purpose 

Centers Plan 
Increase intrazonal capture in 

Centers TAZs; reduce trip lengths 

Adjust employment/housing distribution; 

vary by Center type, trip purpose; 

additional mode shift 
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3.4.5 Centers Plan 

The Centers Plan strategy represents adding more population and employment to areas, similar to the 

centers concept included in the CAMPO Plan, as well as assuming a reduction in trip lengths by 

25 percent for all home-based trips. Through the assumption of more population and employment in 

these activity centers, the desired outcome is both fewer and shorter vehicle trips. The CAMPO Plan has 

a goal of 31 percent and 38 percent of population and employment, respectively, being located in 

activity centers. These are the levels that this strategy used in this study. 

3.5 Comparative Analysis of Strategies 

Recognizing that no one scenario will meet the challenge, the goal was to build a collection of scenarios 

that together might achieve a substantial impact on TTI. Figure 3 represents the cumulative impact of all 

of the scenarios and depicts the contribution of each. Researchers realize that full scenario 

implementation results will likely not happen. However, knowing the assumptions of each of the 

scenarios provides an understanding of the relative impact each strategy can have. 

Wedge graphics can be very informative. First, it is easy to depict the relative impact of various 

strategies in one graphic—by showing their total impact in the horizon year (2035). But far more telling 

is the size of each wedge, which indicates that each strategy is, in reality, implemented over time in an 

incremental fashion. As a planning tool, this shows that to achieve the total benefits of each strategy, it 

is necessary to start today and incrementally build up the total benefits over time. 

 

 
Figure 3. Austin Regional Congestion Reduction Strategies 

As noted in Figure 3, if there is no additional project implementation prior to 2035, the modeling 

quantifies the daily TTI to be 2.17—or 66 percent more than the 2010 congestion levels. But, by adding 
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the improvements included in the CAMPO Plan (plus the managed lanes on I-35), the index is reduced to 

37 percent more congestion than today.  

The impact of the additional scenarios brings those totals down further, with the total of all scenarios 

coming to 10 percent less congestion than today. The assumptions included in each scenario present 

significant challenges as well. This analysis can be a tool to mix and match, add and subtract, and feed 

the ongoing process of making transportation decisions. 

3.5.1 The CAMPO Plan Strategy 

The CAMPO Plan is a program of roadway and transit improvements totaling $26.8 billion, with about 

$9.6 billion in new projects. Using the CAMPO modeling networks, researchers calculated the planned 

roadway network in the CAMPO Plan will add 1,958 additional lane miles—a 17 percent increase in lane 

miles over the 2010 level. Researchers also added one managed lane in each direction on I-35, adding 

about 55 lane miles to the total. Those additional I-35 managed lanes added a 4 percent reduction in the 

regional TTI. 

The CAMPO Plan, with the I-35 managed lanes, offers an 18 percent reduction in the TTI by 2035 as 

compared to the no build condition (Figure 4). This strategy is not a given; to build the projects in the 

CAMPO Plan will require the region to secure funding, execute contracts, and develop the projects in the 

plan incrementally over the next 25 years. 

 
Figure 4. The CAMPO Plan Strategy 

3.5.2 The Telecommuting Strategy  

The telecommuting strategy was fashioned to represent a 10 percent level of telecommuting, on 

average, throughout the five-county region. Researchers reduced the total number of home-based work 

trips by 10 percent to model the strategy. Although the scenario is named telecommuting, there are 

other actions that could produce similar reductions, such as demographic changes in the workforce. An 
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increase in the proportion of retirees in the region or fewer individuals in the total regional workforce 

could have the same impact.  

If 10 percent of the workforce telecommutes—the equivalent of every other worker choosing to work at 

home one day a week—or some other comparable demographic change occurs, then an additional 

9 percent reduction in the TTI results by 2035 (Figure 5). 

 
Figure 5. The Telecommuting Strategy 

 

3.5.3 The Peak Shift Strategy  

The peak shift scenario is designed to represent commuters and other AM peak-period travelers making 

the choice to travel before or after the 7 a.m. to 9 a.m. period. This scenario assumes that 12 percent of 

the drivers make that decision, with 5 percent traveling before 7 a.m. and 7 percent traveling between 

9 a.m. and 11 a.m. Note that in this strategy, SOV travel is not reduced, they simply travel at different 

times than in today’s pattern. 

Thus, if there was such a shift, the result would be an additional 5.5 percent reduction in the TTI (Figure 

6).  
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Figure 6. The Peak Shift Strategy 

3.5.4 The Mode Shift Strategy  

Shifting trips from personal SOVs to public transportation, biking, and walking during the AM peak travel 

period is represented by the mode shift strategy. Researchers assumed 11 percent fewer SOVs that 

would instead be taking transit, riding a bike, or walking to and from work. Researchers did not estimate 

the impact to the transit system or additional needed transit facilities required to achieve this level of 

increased activity. Researchers also did not assume which mode the trips would shift to—that would be 

dependent on choices made by commuters and other travelers in the AM peak period. 

In total, the CAMPO model forecasts 676,000 SOV trips in the AM peak period. This strategy assumed a 

reduction of 72,000 of those trips—shifting them to transit, walking, or biking. 

Thus, if 11 percent of those individuals now driving to and from work each day made the personal 

decision to ride the bus or rail, bike, or walk instead, TTI would be lowered an additional 8.4 percent 

(Figure 7). 
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Figure 7. The Mode Shift Strategy 

3.5.5 The Centers Plan Strategy  

The Centers Plan strategy represents two sets of assumptions. First, researchers assumed a higher level 

of population and employment in the traffic analysis zones—matching areas representative of the 

CAMPO Plan’s centers concept as assumed by TTI. Second, the length of all home-based trip making was 

reduced by 25 percent (for work, shop, and play). The outcome results in fewer and shorter auto trips 

since people living in centers could likely work, shop, and play in the same mixed-use area of their 

residence. 

This is a substantial change in lifestyle decisions, as shown in Table 3. 

Table 3. Percent of Regional Population and Employment in Centers 

Plan or Analysis Population 
Percent 

Employment Percent 

CAMPO Centers Plan Goal 31% 38% 

TTI’s Estimation in Center Areas in Model (2035) 14% 26% 

Centers Plan Strategy—this study (2035) 31% 38% 

 

The Centers Plan strategy would require an additional 550,000 people to move into activity center areas 

(as defined by this research as Traffic Analysis Zones in the CAMPO model), in addition to the 450,000 

that were predicted to live in these areas in the CAMPO model. If this were to occur, the total TTI would 

be lowered an additional 16 percent (Figure 8). Also, an additional 200,000 employees would need to be 

located in center areas, on top of the already 400,000 predicted in the CAMPO model. 
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Figure 8. The Centers Plan Strategy 
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4.0 Step-by-Step Guide to Forecasting Congestion Scenarios 

4.1 Background: Develop Baseline Forecast and Calibrate a Speed 
Model 

4.1.1 Determine Model Baseline Year to Calibrate Speed Model 

A model year that matches the data year in the UMR is necessary to calibrate a speed model and 

calculate a baseline modeled TTI. After the modeled TTI is satisfactorily close to the observed TTI from 

the UMR, then the model is considered calibrated and can be used to forecast a TTI value. The baseline 

year of the regional TDM may be either a calibration year or a validation year, but is most commonly the 

same year for both. For instance, if the model was calibrated in 2008 and has a validation year of 2014, 

either year is applicable for calibration of a speed model. The criteria for calibration will be that the 

modeled TTI matches to some degree the observed TTI from the UMR. A good rule of thumb is to 

choose the year of the model closest possible year to the present year.  

The UMR can be found at http://mobility.tamu.edu/ums. The Urban Mobility Scorecard can be viewed 

and it can be seen that data for Austin, Texas, is available for 2010 through 2014. Previous years are also 

available in other reports. Since the regional model in Austin has a calibration year of 2010, and forecast 

years of 2020, 2030, and 2040, the 2010 year is most suitable for this analysis. TTI for Austin in 2010 was 

measured in the UMR to be 1.29, indicating that a peak-period trip under congested conditions will take 

29 percent longer than if traveled under non-congested conditions. 

 
Source: http://mobility.tamu.edu/ums/congestion-data/central-map/ 

Figure 9. Urban Mobility Scorecard, Texas A&M Transportation Institute, 2015  

http://mobility.tamu.edu/ums
http://mobility.tamu.edu/ums/congestion-data/central-map/
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4.1.2 Develop Baseline Model Run 

Typically, the chosen baseline year model run will exist as part of the development of model calibration 

and/or validation. If the model for a baseline year is not available, the analyst will need to produce the 

year that matches the UMR data to calibrate a modeled TTI. The baseline year need only be very close to 

the existing year to get a resulting analysis that compares future conditions to today.  

For instance, if the analyst chooses 2014, the latest available UMR year, to use as a baseline, the model 

would ideally represent data about 2014. This update would involve adding network capacity and new 

facilities to the modeling network and updating the demographics of the model at the TAZ level to 

include development up to 2014. 

Alternatively, a short-cut method is to simply use the most recent model year, for instance, 2010, and 

then simply growth factor the resulting trip tables using growth by TAZ as an objective in a Fratar 

process. However, it is NOT recommended that this resulting demand be assigned to a 2010 network. 

The network capacity should always represent the year of the analysis—in this case 2014— to preserve 

the volume and capacity relationships upon which the speed model is based. 

Another element that is needed for this process is a peak-hour or peak-period traffic assignment that 

represents the congested travel times in the regional model. Many trip based models for larger metro 

regions have peak period capability. If the region under analysis does not have a peak period modeling 

capability, then the analyst will need to develop this capability in the model before proceeding with this 

analysis. Typical peak travel factors and a suggested methodology can be found in NCHRP 716 Travel 

Demand Forecasting: Parameters and Techniques. 

4.1.3 Determine Facilities Included in TTI Calculations 

The analyst should determine the extent of network that is covered in the annual UMR report. Since the 

UMR analysis is based on INRIX speed data, the coverage of roadways that are measured is limited to 

larger facilities, usually freeways and major arterials. In Austin, Texas, the roadways covered by the 

INRIX data and used in the UMR are highlighted in red and are shown in Figure 10.  
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Figure 10.  Facilities in Austin Region with INRIX Data 

The analyst should also study the congestion trends in the region using the TTI. The purpose of this step 

is to assess what the target TTI should be for the analysis. Typically, a planning agency may set a 

performance goal of a TTI of 1.20 to 1.30, meaning peak period travel times are no more than 20 or 

30 percent higher than free flow (off peak) travel times. This goal will be used to assess the level of trip 

demand reduction that is necessary, later in the process. 

4.2 Calibrate a Speed Model to the Observed TTI 

4.2.1 Overview of Speed Models and TDMs 

The purpose of this step is to calibrate a speed model that uses the output of a regional TDM and 

network capacities to determine roadway speeds under congested and non-congested conditions. The 

speed model needs to be shown to replicate observed TTI measurements to be considered calibrated. 

To perform the calculations for this step, use a spreadsheet or a program script outside of the existing 

model procedures. A speed model uses the V/C ratio, the relationship between traffic flow (volume) on 

a roadway, and the total available capacity as independent variables. The dependent variable is speed. 

These models are also referred to as volume delay curves. A regional model traffic assignment will 

provide the volumes for the speed model. 

To calibrate a speed model to the observed TTI: 

1. Extract link data (as input) for the analysis. 

2. Choose the volume delay function for the speed model. 

3. Calibrate the speed model on the baseline year. 
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4.2.2 Extract Link Data as Input for the Analysis 

The procedure to extract link data as input for analysis is as follows. The purpose of this step is to get 

each link from the model, with traffic flow and capacity from a baseline validation year traffic 

assignment, and calculate a TTI. 

Step Description Output of the 
TDM 

Example Uses 

1 Choose a representative time period from the model 
that best indicates the level of congestion at peak 
times in the region. The choices typically are: 
AM peak period or 
PM peak period. 

Analysis of 
time of day 
factors tables 

The AM peak period (6–
9 a.m.).  

2 Copy the following attribute fields to the speed 
model (spreadsheet): 
Link ID. 
Length. 
Functional classification. 
Area type, county, or any other Geo-ID (optional). 
Travel time resulting from the off-peak period. 
Total peak-period assigned flow. 
Total peak-period capacity. 

Modeled 
volumes and 
coded 
capacities 
from the 
network link 
data for the 
calibration 
year 

The NT (Night) period as 
the travel time 
resulting from the 
off-peak period. 

The AM period as the 
total peak-period 
assigned flow. 

AM period as the total 
peak-period capacity. 

3 Calculate the TTI for a peak period using the 
following equation: 

 
 
You can also use off-peak modeled link times instead 
of free-flow link times in this equation. TTI is the sum 
of peak modeled link times divided by the sum of the 
free flow modeled link times. 

The network 
link data 
(excluding 
centroid 
connectors) 
for the 
baseline year 

The network link data for 
the baseline year 2010. 

 

4.2.3 Choose the Volume Delay Function for the Speed Model 

Overview 

The purpose of this step is to calculate a speed model (curve) that is used to determine speed (travel 

time) on each link from the peak and off-peak modeled traffic flows. The speed curve (volume-delay 

function [VDF]) is adjusted until the link travel times, peak and off-peak, result in a TTI value that 

matches the observed values from the UMR (or other data, described later in this report). 

Because the speed model assumes that the peak speed is calculated by using the volume delay 

equation, the next step is to choose the VDF. This function relates speed (Y-axis) to the volume-to-
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capacity ratio (X-axis). The most common form is the Bureau of Public Roads form, but others are 

available that may be used. In this case, we chose the Akcelik Function for example. 

Akcelik Function 

There are many ways to choose the VDF, but we chose the Akcelik (1991) delay function. Specifically, we 

use the volume-to-capacity ratio and the capacity from the TDM for each link to estimate a speed.  

Rationale for the Akcelik Function 

Unlike the Bureau of Public Roads function, which uses two parameters (α and β), the Akcelik function 

only requires estimating one parameter (τ). The Akcelik function is a better choice for the speed model 

because we only have one indicator—the observed TTI from the UMR—for the calibration. The Akcelik 

function gives one solution instead of multiple solutions. The parameter (τ) is adjusted until the resulting 

TTI matches the target index value obtain from a published report, such as the UMR. 

The Akcelik function’s speed-VC curve is more appropriate for the speed model because it drops in a 

more intuitive way as traffic nears VC = 1.0. 

Equation for the Akcelik Function 

The Akcelik function can be written as: 

 

Where: 

t = average travel time per unit distance. 

t0 = minimum (free-flow) travel time per unit distance. 

V = demand traffic flow. 

C = capacity. 

T = flow (analysis) period (same unit as t). 

τ = delay parameter. 

 

In script, the equation is: 

t = t(0) X (1 + 0.25T/t(0) X (V/C – 1 + SQR(V/C – 1) ^ 2 + (8 Tau(V/C)) /C X T)) 
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4.2.4 Calibrate the Speed Model to the Baseline Year 

Procedure 

The procedure to calibrate the speed model on the baseline year is as follows. 

Step Description Example Uses: 

1 Define a minimum speed, typically 5 to 10 mph, using the speed 
model. This reduces the subtle changes at lower speeds, which 
could cause noise in the analysis. Also, it is unlikely that traffic is 
ever completely stopped at 0 mph. 

5 mph 

2 Adjust the delay parameter of the VDF until the resulting TTI is 
close or equal to the chosen UMR observed TTI. This step is the 
process of calibrating the speed model.  

The 2010 Austin 
UMR observed TTI: 
1.29 

3 
(optional) 

Select a subset of links based on area type, functional 
classification, or county or other boundary. The UMR observed 
TTI is based on each region’s urbanized area. Therefore, as long 
as the most congested links in the region are within the chosen 
geographic boundary, the calibration should be valid. 

 

 

Example Speed Model 

The following graph shows the estimated delay parameter (τ = 3.9) and calibrated speed-VC curve. 

  

Initial Speed Tau Min Speed

60.00      3.7 5

Equation: T1 = To * (1+0.25*180/To*(V/C-1+((V/C-1)^2+8*Tau*(V/C)/(Co))^0.5))
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The calibrated speed model was based on the following subset of links: 

• Area type ≤ 4 (rural areas were excluded). 

• Functional class ≤ 6 (only freeways and arterials were included). 

At this point, the resulting TTI from the spreadsheet calculation should be close to the observed TTI 

derived from the UMR. The user must adjust the speed curve, which calculates the speed based on the 

volume-to-capacity ratio of the set of links copied into the spreadsheet from the TDM. 

4.3 Develop Alternative Forecasts and Execute Models 

4.3.1 Overview 

Once the speed model is calibrated to a baseline condition, using a target TTI from the UMR, the TDM 

can be used to generate future scenarios. There are many future scenarios, the most common of which 

is the MTP scenario. The MTP scenario is mandated for MPOs to produce once every 4 or 5 years 

(depending on the MPO).  

However, the MTP scenario is also required by federal rules to be a financially constrained scenario, in 

the effort to represent the effects of existing plans and probable funding levels. In regions with traffic 

congestion issues, the MTP scenario typically falls short of limiting future congestion to current 

conditions, and often shows growth in congestion. The growth in congested travel may be an accurate 

forecast given planned facilities for roadway and transit in the MTP under assumed funding levels.  

But how well is an MTP performing, in terms of reducing growth in congestion that otherwise may occur 

without the planned facilities? Secondly, what additional measures could be taken to reduce future 

congestion, at least to a level equivalent to current conditions? 

While specific plans and modifications to travel behavior are difficult to achieve, a measure of the 

magnitude of impacts from changes to travel choices and behavior could guide public policy toward 

more successful solutions. Without knowing the magnitude of such measures, it is difficult to explain 

how to achieve the solutions. For instance, given an MTP is implemented over 20 or 30 years, what 

levels of trip reduction, ride-sharing, trip length changes, land use changes, and other modals shifts 

would be needed to achieve the goal of keep current congestion levels constant over time, despite 

population growth in a region? 

Trip based TDMs can be used to estimate scenarios beyond the MTP including trip reduction, time-of-

day shifts, mode shifts, land use/urban form changes, and other scenarios. 

The model can use any scenario that changes the level of flow across network links, resulting from a 

traffic assignment in this process. This includes major network changes, transit system changes, land use 

changes, anything that a TDM can model is suitable for performance analysis using this TTI method of 

evaluating performance. 
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This section gives examples of different scenarios you can use, including the MTP scenario, but also in 

addition to the MTP scenario (and no-build). In our example, we chose: 

• Scenario for trip reduction (S1). 

• Scenario for time-of-day shift (S2). 

• Scenario for mode-share shift (S3). 

• Scenario for land use and urban form changes (S4). 

• Cumulative modeling of scenarios (S5–S7). 

4.3.2 Scenario for a Trip Reduction Forecast (S1) 

Methods of Trip Reduction 

For our example, we will be using a method to reduce the number of home-based work trips in a model. 

This scenario could approximate a telecommuting idea. To be more accurate, the user may wish to add 

some level of trip making back into the model from the home end to reflect travel that might occur 

during a telecommuter’s day, close to home, such as a trip to lunch.  

You can develop trip reduction scenarios by using one of the following methods: 

• Applying travel demand modeling scripts in the scripting language for the model software. 

• Modifying the travel model data using a spreadsheet tool. 

• Modifying the parameters of a travel model directly. 

Modifications 

Several methods could be used to produce a trip reduction scenario in several ways: 

• Modify the trip rates, by trip purpose. 

• Modify the productions, by trip purpose, and rebalance them to attractions. 

• Reduce trips in the pre-assignment trip table. 

Example 

In the example, we modified the HBW productions, by trip purpose, and rebalanced the total attractions 

to the new production totals. This ensures that the trip distribution, mode choice, and traffic assignment 

steps are consistent because the CAMPO model has feedback loops from traffic assignment back to trip 

distribution, re-running the mode-choice step.  

We reduced the productions for the HBW trip purpose by 10 percent. Since the work week is 5 days 

long, Monday through Friday, 1 day per week is equivalent to 20 percent of the work week. A 10 percent 

reduction in HBW trips represents 50 percent of the region’s employees not commuting for 1 day per 

week. 
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For the CAMPO model, if the feedback loop run is selected, the model will automatically run the trip 

generation at the first iteration, and users have no options to change it. So in order to run the feedback 

loop from trip distribution, the user has to modify the programming coding of the CAMPO model. 

Procedure Used for the Example 

The procedure to develop the scenario for trip reduction (S1) for the example is as follows. 

Step Description 

1 Use the input of CAMPO’s 2040 forecast and run the trip generation in the CAMPO model. 

2 Modify the balanced trip table after trip generation by: 
Reducing the trip productions for the HBW trip purpose by 10% for all TAZs. 
Rebalance the attractions. 

3 Modify the GISDK coding of the CAMPO model to start the feedback loop from the trip 
generation. The modified and original coding is as follows. 

 

4 Test and compile the CAMPO model using the modified codes. 

5 Copy and replace the balanced trip table with the modified trip table from step 2. 

6 Do a feedback loop run using the modified model from step 3. 

7 Copy the links to the spreadsheet for calculation of TTI. Collect input for the TTI calculation 
from the link table after the trip assignment at the last iteration. 

 

4.3.3 Scenario for a Time-of-Day Shift (S2) 

Methods of Time-of-Day Shift 

The TTI is calculated based on roadway travel times using congested periods and free-flow conditions. 

One way to reduce trips in the congested peak period is to move trips out of the peak period(s) and into 

the off peak period(s). This may be a choice that travelers make when their trips become very time 

consuming. 

Most trip based TDMs use diurnal factors that define the amount of VMT that occurs during each hour 

of a typical day. The factors are usually derived from household travel surveys and indicate a proportion 

of total daily trips, by trip purpose, that occurs during a peak period or hour. 
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Modifications 

You can produce the time-of-day shift in several ways: 

• Directly modifying the resulting time-of-day period trip tables. 

• Simply modifying a file that represents the percent of daily trips by time of day, typically called 

the diurnals table. 

The diurnal table contains the percentage values of trips by time of day for each trip purpose. These 

tables are developed from surveyed household travel. The values are typically used to factor a 24-hour 

trip table, post-mode choice, to one or more time periods. The resulting trip tables by time period of the 

day are then assigned to networks, reflecting capacity for that time of day. 

Example 

In the CAMPO model, in the steps after mode choice, the auto mode trip tables are disaggregated into 

four periods—AM peak, midday, PM peak, and night. Then the trips are assigned to networks with peak 

period capacities. 

The disaggregation of the daily trip table from mode choice is based on the application of diurnal 

factors. In a time-of-day model, the trips are oriented into production-to-attraction (P to A) direction 

and attraction-to-production (A to P) direction. Thus, a factor could be 29.98 percent of the total daily 

trips in the P-A direction (from home to work) for HBW trips, and .28 of the daily trips in the A to P 

direction. The other proportion of trips occurs at other times of the day, for instance, on the return trip 

from work to home. 

Procedure Used for the Example 

The procedure to develop the scenario for a time-of-day shift (S2) used for the example is as follows. 
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Step Description 

1 Find the DIURNAL_PERIOD table for the TDM 

2 Modify the diurnal factors to move 10% of trips into the off-peak periods for the specific 
purposes and directions, as shown in the following table. In the example, a total of 10% of the 
6–9 a.m. trips for HBW are deducted from that period. 29.98 × 0.10 = 3.0 (approximately). 
Move 1.5% to the earlier period (1 a.m. - 6 a.m.) and 1.5% to the later period (9 a.m.–4 p.m.). 
The choice to move half earlier and half later is assumed, but the analyst can move any 
proportion that is reasonable to assume. 

Period Time-of-Day Factors by Direction (Original) 
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0-6 3.07 1.45 0.38 4.24 0.13 0.24 0.00 0.00 0.00 0.00 0.00 0.62 0.89 0.89 

6-9 29.98 0.28 4.66 1.53 14.06 5.29 10.25 0.00 10.25 0.00 1.70 2.04 8.16 8.16 

9-16 13.20 11.92 23.89 12.38 21.27 17.53 26.46 15.19 26.46 15.19 29.93 27.12 19.14 19.14 

16-19 2.50 25.32 7.99 9.39 10.21 18.55 8.13 12.29 8.13 12.29 11.60 9.58 10.59 10.59 

19-24 1.25 11.04 13.08 22.46 4.32 8.39 5.16 22.52 5.16 22.52 6.77 10.64 11.22 11.22 

Period Time-of-Day Factors by Direction (Modified) 
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0-6 4.57 1.45 0.38 4.24 0.13 0.24 0.00 0.00 0.00 0.00 0.00 0.62 0.89 0.89 

6-9 26.98 0.28 4.66 1.53 12.65 5.29 9.22 0.00 9.22 0.00 1.70 2.04 8.16 8.16 

9-16 14.70 11.92 23.89 12.38 22.68 17.53 27.48 15.19 27.48 15.19 29.93 27.12 19.14 19.14 

16-19 2.50 25.32 7.99 9.39 10.21 18.55 8.13 12.29 8.13 12.29 11.60 9.58 10.59 10.59 

19-24 1.25 11.04 13.08 22.46 4.32 8.39 5.16 22.52 5.16 22.52 6.77 10.64 11.22 11.22 

 

3 Copy and replace the DIURNAL_PERIOD table with the modified one. 

4 Do a feedback loop run using the CAMPO model. 

5 Collect input for the TTI calculation from the link table after the trip assignment at the last 
iteration. 
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4.3.4 Scenario for a Mode-Share Shift (S3) 

Methods of Mode-Share Shift 

Another method to reduce trips in congestion is to develop a scenario that specifies a certain amount of 

trip reduction for SOV or HOV trips. This method involves reasonably factoring post-mode-choice trip 

tables. 

Modifications 

These scenarios can be very specific and have varying effects on congested roadway performance. The 

TAZs that are selected for trip reduction due to a mode shift away from SOV or HOV use need to reflect 

both geography of the transit network and the trip purpose. Methods available to modify a TDM to 

reflect a mode shift include: 

• Modifying the mode choice parameters, such as In-Vehicle Travel Time coefficients, and testing 

the effect on congestion of such a change using a forecasted TTI. 

• Modifying the resulting trip tables to directly reflect a specific percentage shift from one mode 

to another mode. 

Example 

We developed a program using GISDK to post-modify the auto mode trip table. Software packages such 

as the commonly used TransCAD or CUBE have functions that the user can access to factor trips tables. If 

a feedback loop is part of the model stream, it may be necessary to modify the programming of the 

scripts for the model to incorporate a mode shift. It is necessary to only reduce auto trips in TAZs where 

transit is available, since transit is not accessible without a car in other parts of a region. 

Procedure Used for the Example 

The procedure to reduce trips due to mode shift is as follows. 

Step Description 

1 Create a 1/4-mile buffer for all transit stops as the transit accessible areas. 

2 Add one field to the TAZ geographic file, and select TAZs intersected with the transit accessible 
areas. We named the TAZ geographic file “TAZ_TR40” and used a default value of 1. 

3 Code the selected TAZs with factor, TAZ_TR40 = 0.9, and export that table as a bin.file. This 
factor reduces the auto trips (SOV) by 10% in transit accessible zones. The following is an 
example.  
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4 Develop a dialog box using GISDK to reduce 10% of SOV and HOV trips for the TAZs with 
transit accessibility, and compile that in TransCAD. The following is the interface of the 
program. 

 

 

5 Do a feedback loop run, and then use the following folder as the “Matrix Location Folder” 
(shown above): “…\Mode Choice\Output Files.”  

6 Use the TAZ_TR40.bin file created in the third step as the “Multiplier Vector Table.” 

7 Click the “Run Matrix Post-Modification” button. The output of the mode choice is modified as 
the assumption. 

8 Use the modified mode-choice output as the input for the rest of the steps of the CAMPO 
model. 

9 Collect the input for the TTI calculation from the link table after the trip assignment. 

 

4.3.5 Scenario for Land Use and Urban Form Changes (S4) 

Methods of Trip Reduction 

Urban form changes are the most difficult scenarios to impose in a trip-based modeling system. Several 

elements of a trip-based model can be modified to reflect changes in urban form. Typically, long-range 

plans can impact urban form by making destination activities, such as shopping or work locations, more 

concentrated into growth centers. The growth centers often include transit as a major component.  

Growth centers (also called sustainable developments and planned use developments) can be designed 

to include residential development within walking or biking distance to work and shopping locations. 

Changes in municipal land use code may include a form-based design type of requirement, which allows 
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for mixed uses to be built in a single area. Mixes of land use may include housing, shopping, and offices. 

Since the mixed uses are close together, it may be possible to reduce trip lengths (by auto mode) and 

incorporate more walking and biking to work and to shopping. 

Land use codes (zoning) can be changed by cities to improve access to transit and to improve walking 

and biking facilities. These types of mixed-use developments encourage non-SOV use, shorter trip 

lengths, and greater internal capture of trips (trips that do not leave a TAZ). 

Modifications 

You can make these types of changes in TDMs in several ways: 

• Moving forecast employment to designated growth center TAZs. 

• Reducing trip lengths for HBW and HNW (work, school and/or shopping) trips. 

• Increasing internal capture in growth center TAZs (trips that do not leave the TAZ). 

Example 

The example used the method of reducing trip lengths for HBW trips. We assumed that a 10 percent 

reduction in trip length is desirable. We modified the trip lengths to reflect greater satisfaction of work 

trips within a regional urban form that includes growth centers. 

Reducing trip lengths in a gravity model formulation involves the modification of friction factor curves. 

Friction factor curves modify the travel times between TAZs within the gravity model formulation. A 

description of how a gravity formulation works with friction factors can be found in NCHRP 716 Travel 

Demand Forecasting: Parameters and Techniques. 

 

Procedure Used for the Example 

The procedure to reduce trips due to land use and urban form changes is as follows. 

Step Description 

1 Find the friction factor table at “…\T_DIST\StaticFiles,” and get one copy of the trip length 
distribution (TLD) of the baseline model (2010) for the HBW purpose. 

2 Copy both the friction factor and baseline HBW trip length distribution to a spreadsheet. The 
following is an example. 
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3 Model a typical trip length frequency distribution function around the mean trip length. Using 
such a formulation that creates a curve around a mean trip length will allow the user to 
modify the mean trip length and produce a new curve. This model can be calibrated to match 
the resulting trip length frequency distribution from a baseline (e.g., 2010) model run. We 
used the sum square of deviation to find the appropriate trip length frequency distribution 
function. 

4 Using the spreadsheet model, create a reduced trip length frequency distribution (TLFD) 
curve. We assumed that a 10% reduction in trip length is desirable.  

5 Calculate the difference between the adjusted TLFD and the original modeled TLFD, as a 
percent for each minute interval. 

6 Apply the adjusted percent difference for each minute interval to the input friction factor 
curve from the TDM.  

7 Copy and replace the fraction factor table with the new fraction factors estimated in step 6. 

8 Do a feedback loop run using the CAMPO model. 

9 Collect input for the TTI calculation from the link table after the trip assignment at the last 
iteration. 
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4.3.6 Cumulative Modeling of Scenarios (S5–S7) 

Description 

Besides independent modeling of scenarios (S1–S4), you can also cumulatively model the scenarios—

make adjustments in order, with the first being applied to the baseline forecast, and then add others to 

the previous scenario to produce cumulative impacts. 

Example 

The table below summarizes the cumulative effects of all scenarios used in the experiment. 

Scenario Scenario for Trip 
Reduction (S1) 

Scenario for Time-
of-Day Shift (S2) 

Scenario for Mode-
Share Shift (S3) 

Scenario for Land 
Use and Urban Form 
Changes (S4) 

S5 ✓ ✓   

S6 ✓ ✓ ✓  

S7 ✓ ✓ ✓ ✓ 

 

4.3.7 Displaying Results with a Wedge Chart 

Description 

The results of the scenario analysis need to be displayed to communicate the overall impacts of various 

trip reduction treatments in the forecast. One chart that will summarize each scenario and its impact on 

TTI is the wedge chart (Figure 11). This chart shows the baseline (2010) scenario, a no-build assumption, 

a scenario that includes the regional long range plan scenario, and the each of the alternative scenarios. 

This chart is best displayed with cumulative scenario analysis. 
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Figure 11. Wedge Chart Example 

 

Other charts can also effectively show the results of the scenario analysis. Using results of the total 

number of trips from the ravel demand model, the analyst can create a chart showing the total number 

of SOV trips that are reduced in each scenario alongside the total congested VMT calculated from the 

scenario model runs. 

 

4.4 Corridor (or Subarea) Analysis 
Analysts may also want to examine the congestion status and the impact of different scenarios on major 

corridors or subareas. In order to compare those with the UMR observed TTI value for the region, the 

exactly same method used in UMR should be applied in the corridor (or subarea) analysis. Also the INRIX 

data should be used as the base for observed TTI estimation. 

4.4.1 Estimate TTI Values for Corridors using INRIX Data 

Description 

In the INRIX data, all archived speeds for each 15-minute period each day for each road segment is 

calculated for each month (e.g., Monday from 06:00 to 06:15 for April 2015), and a calculated speed (CS) 

for each time slot is established for each road segment. Thus, each segment has 672 corresponding 

calculated speed values, representing four 15-minute time windows for all 24 hours of each day, 

multiplied by the seven days in a week.  

Method 

In this case, all major road segments of I-35 and Mopac Express (two major corridors in Austin 

metropolitan area) were extracted from the INRIX dataset with the following attribute fields: 
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a. Segment ID: unique value identifying the ID of the road segment represented. 

b. Length: the length in mile for a given Segment ID. 

c. Bin ID: the Bin ID in 15-minute increments throughout the day, 0 – 96 where 0=0:00 to 0:14 and 

96=23:45 to 23: 59. 

d. Day of Week: SU=Sunday, MO=Monday, TU=Tuesday, WE=Wednesday, TH=Thursday, FR=Friday, 

SA=Saturday. 

e. Ref Speed: free-flow speed determined for each road segment using the INRIX Traffic Archive. 

f. Speed: average observed speed (arithmetic mean) in MPH for a given Segment ID. 

g. Total Travel Time in Seconds: total Travel time for all volume during the specific 15-minute slot 

for a given Segment ID in seconds. 

Then, only the records within the peak-period (6 a.m.–9 a.m.) and within weekdays (Mon–Fri) were used 

to calculate the corridor TTI. Analysts can calculate (see below) volume, VMT, travel time, free flow 

travel time, and TTI for each segment for each specific 15-minute slot by using the attributes as above 

and the equation as below: 

Travel time =  Length Speed⁄  

Free flow travel time =  Length Ref Speed⁄  

Volume =  Total Travel Time in Seconds (Travel time ∗ 3600)⁄  

VMT =  Volume ∗  Length 

TTI =  Travel time Free flow travel time⁄  

According to UMR, the TTI for each road segment in the region needs to be weighted by peak period 

VMT to calculate any area-wide average TTI. Specifically, the following steps were used in UMR to 

calculate region-wide average TTI and were also used in this study to calculate corridor average TTI: 

1. For each 15 minutes within the peak period for the weekdays (Monday–Friday), the TTI were 

calculated for each road segment using the equation as above. Note that the free-flow speed is 

determined for each road segment using the INRIX Traffic Archive. 

2. Those 60 TTI values (3 hours × 5 days × 4 15-minute periods) were then weighted by the VMT 

associated with each 15-minute period in the segment to get a peak-period average TTI value 

for that segment. 

3. All of the segments (freeways and arterial streets) along the corridor were then weighted 

together by the peak period VMT in each segment to get a corridor average TTI value. 

4.4.2 Calibrate Speed Model for Selected Corridors  

Description 

For each corridor (or subarea), the analyst then needs to re-calibrate the speed model to better describe 

the congestion status on baseline year for that corridor (or subarea). Instead of establishing an 

absolutely new model, the analyst can use the regional model but add one more criteria for selecting 

the subset of links within the study area (or corridor). 
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Method 

In addition to attribute fields listed in 4.1.3, one more attribute needs to be coded in the link data to 

identify which links are within study area (corridor). That field can be added either in TransCAD or 

ArcGIS using queries on the highway network geographic layer:  

o Corridor Flag: 1 – within study area (corridor) and 0 – not within study area (corridor). 

For the regional model, as mentioned earlier, the calibrated speed model was based on the following 

subset of all links: 

i. Area Type ≤ 4  (Rural area was excluded) 

ii. Functional Class ≤ 6 (Only freeway and arterial were included) 

For the corridor analysis, the analyst can add one more criteria: 

iii. Corridor Flag = 1 (Only links within study area [corridor]) 

Also by using the INRIX data and the methods mentioned in 4.3.1, we can estimate the observed TTI 

values for corridors: in this case, 1.26 for I-35 and 1.30 for Mopac Express. Then we can adjust the delay 

parameter for the new subset of links until the resulting corridor average TTI is close or equal to the 

observed TTI for that corridor. The following graphs show the estimated delay parameters and 

calibrated Speed-VC curves for the two corridors in this case: 

I-35 (τ = 2.9): 
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Mopac Express (τ = 2.2): 

 

 

4.5 Execute Models and Calculate TTI 

Once these adjustments are made, the TDMs are executed in the normal operating manner for a 

forecast application. Several methods may be used for this step: 

1. Independent modeling of scenarios—make modeling adjustments to a baseline forecast (e.g., 

2040) one at a time and analyze the effect of adjustments independently. 

2. Cumulative modeling of scenarios—make adjustments in order, with the first being applied to the 

baseline forecast, then others are added to the previous scenario to produce cumulative impacts. 

3. Aggregate modeling of scenarios—make all adjustments and run only one scenario that includes 

all adjustments in one model run. 

Whichever modeling method is chosen, the results can efficiently be stored in a spreadsheet to calculate 

the resulting TTI for all scenarios. 

4.6 Summarize Scenarios on Corridors 

The purpose of the corridor analysis is to summarize the regional effect on the major corridors. For 

example, we are looking at the effect of the time of day shift on the whole region instead of only along 

the corridor. So the same scenarios were used for corridors as what were developed for the region. Also 

the analyst should use the same link data source as what we used in the regional model for each 



Analysis of Congestion Scenarios Using Travel Forecasting Models 

 

 38 
  

 

scenario. But for corridor analysis, the scenario results need to be summarized based on different delay 

parameters (shown in 4.3.2) and different subsets of links (also shown in 4.3.2).  
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5.0 Conclusions 
This report presents a method of using common trip based TDMs for assessment of forecast 

assumptions that differ in significant ways from changes indicated by existing recent trends. While 

recent trends can be observed and surveyed and subsequently described by calibration in regional 

TDMs, the application of these calibrations may lose credibility for long term planning exercises. This 

context is brought on by experience—that the past is not a prologue to the future. The issue is expanded 

when rapid technological development is occurring and is intuitively expected to cause changes in travel 

behavior, such as with the advent of technological breakthroughs and investment in automated and 

connected vehicles. 

This report presents one method to produce a reasonable experimental forecast using long range TDMs 

to achieve a specific performance objective. While reasonableness is a subjective decision, the use of a 

calibrated speed model to calculate a TTI provides a basis for assessment of reasonableness in 

exploratory modeling. 

TTI is a measure that is calculated frequently across many regions and uses large quantities of passively 

collected speed data (from individual vehicle GPS and cellular locations). TTI has also been collected 

over several decades and thus provides a robust set of trend data. These trend data are used in this 

study as a reliable indication of the direction of change in congestion for a regional network. It therefore 

provides a suitable basis upon which analysts can subjectively assess the performance of modeling 

scenarios for long range regional TDMs. 

Scenarios can be produced, models can assess impacts, but what defines the reasonableness of the 

model outputs, given that the model is calibrated to past conditions? TTI measures both demand and 

supply sides of a model in one measure. 

While any modeling system can be improved by calibration to accurate data, the data and methods 

must also be put in the context of how sustainable it is related to variation in future scenarios. This 

report describes how the TTI can be used to assess the overall reasonableness of forecasted scenarios of 

congestion in a reliable manner. 
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