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Introduction

Travel demand model is a general travel forecasting tool that has been widely used in the transportation field for such applications as long range planning, corridor studies, capital improvement programs, concurrency programs, major investment studies, traffic impact studies, transit planning, community planning, multi-modal transportation planning, and other transportation related studies.  However, due to a lack of reference material on quality control or inappropriate use of travel models, travel forecasting results are often looked upon with doubt and a lack of confidence.  Model consistency is often questioned and the development process and credibility have been criticized, especially when these models have been used for sensitive projects.  Developing a standardized checklist for practical use would be a significant improvement in consistency and quality control for travel model applications.

To ensure consistency and credibility of travel model applications in a study area, the input assumptions, methodologies, and processes used in the model need to be validated; forecasting results need to be checked for reasonableness and to ensure that they are explainable; and travel model limitations need to be communicated to all stakeholders. 

A standardized checklist can assist project managers of local jurisdictions when working with consultants and their staff on travel model applications to achieve project goals and objectives.  Consultants can apply the checklist to all travel model tasks they do for different jurisdictions in a region.  This will save a tremendous amount of time and will help ensure consistency and credibility.  The checklist can also be used as a guide in drafting project scopes of work, to help track travel model work performed, and to ensure quality control and consistency among all the travel modeling work done for a study area by different consultants and local jurisdiction staff.  When the standardized checklist is implemented for all projects in a region, decision-makers will have more confidence in using travel forecasting results to resolve traffic congestion issues through integrated regional transportation planning efforts.   

This paper will first describe the common issues of travel model applications, such as consistency and credibility.  Second, solutions to these issues, such as validation of travel  model data assumptions, reasonableness of travel model results, adequate documentation, and efficient coordination and communication will be discussed.  Third, the main components of a reasonable travel model application checklist will be described, and finally conclusions and recommendations will be presented.  An example of a travel model application checklist is attached for reference. 

Travel Model Application Issues

Travel demand models are developed based on numerous land use, network, and travel behavior assumptions to replicate the existing travel patterns in a transportation study area.  To achieve various transportation project objectives and goals, different assumptions, methodologies, and output formats are applied in the model development and application process.  Some models can be adequately used for short-term small-area traffic impact studies, while others are developed for long range regional transportation planning purposes.  Travel forecasting results will always be questionable if the model is applied incorrectly and by someone who lacks the knowledge and understanding of modeling assumptions, theory, and limitations.  Consistency and credibility are among the most important concerns in travel model applications. 

· Consistency
Some of the most important goals of transportation planning are to plan for long term transportation needs, prevent transportation problems from occurring, and to resolve traffic congestion using land use and travel behavior approaches.  A travel model is a useful tool to achieve these planning goals, if the analysis results are consistent and support the same conclusions.  Consistency becomes an issue for projects when different travel model results are produced. 

Different models, operating in the same study area, frequently produce inconsistent results.  This is often because of differing assumptions regarding traffic analysis zones, land use, and networks in the model development and application process.  It’s important to the extent possible to use the same assumptions among different models to produce consistent results for all the projects in the same study area.     

The consequences of inconsistent travel model results can be grave and painful, especially when a sensitive project decision relies on a travel forecast.  If different travel forecasting and evaluation results are produced for the project, the reliability and credibility of the travel model will come into question, and any future use of the model will be in doubt or met with skepticism.  Other consequences of having inconsistent models are serious project delays, “finger-pointing”, and a lot of heartache for the modelers involved.  We highly recommend that all models in a given study area be coordinated to be consistent with one another for all applications.  While smaller jurisdictions use the regional or enhanced regional models as their base, they should communicate any major differences in the land use or network validation process with the regional modeling teams.  

· Credibility
In general, there are several possible options available to produce travel demand forecasts for a project.  These include using historical trends, applying area growth factors, and using a travel demand model.  Among these options, using a travel model is the most recognized method because it uses accepted methodologies in travel forecasting, incorporates travel behavior, considers land use and network changes, and applies statistical analysis.  Travel models are expected to be more reliable for practical applications; however, the credibility of travel models becomes an issue when their  results are unreasonable or they can not be convincingly explained. 

Credibility issues may be caused by errors in network coding, data processing, matrix manipulation, and other travel model development processes.  In addition, inappropriate travel model applications can also raise credibility issues.  For example, a regional model is designed for regional planning purposes, and is not a proper tool for small area traffic analysis.  For such applications, the regional model needs to be enhanced, by adding such features as a more detailed zone system and street network, and more refined land use data.  The resulting model should also be validated and calibrated for the application.  Otherwise, the model results may not be reasonable or acceptable.  Another important point is that travel demand models are designed for transportation planning purposes, and should not be used to replace traffic operational models for detailed traffic analysis.  Doing so will raise credibility issues significantly. 

Figure 1 demonstrates a conceptual comparison of link volumes among the regional, enhanced-regional, and sub-area (small study area) models.  Link volumes (e.g., Link AB eastbound) are different between the regional (100 vehicles) and sub-area models (40 vehicles) after the zone system in the regional model is split and the network is enhanced for local project use.  This difference in volumes is one of the main credibility issues that occurs when a regional model is applied inappropriately for local projects.  In addition, when intra-zonal trips and trip distributions are considered, the impacts of different model structures are even more significant.  It is very important to understand and apply the model appropriately.    

The consequence of lacking credibility in travel forecasting is very serious. The model could be abandoned and all the work and effort on a project could become worthless if   credibility issues appear in the model development and application process. In the worst case, it may result in legal challenges for jurisdictions.  Any errors in the model development process, as well as inappropriate model application, should be avoided at all times.  It is also important to look at the bigger picture, and to coordinate all project needs in a given study area, and produce consistent travel forecasts for them at once instead of modeling for each project separately.  This will save resources, and more importantly, help with quality control for both consistency and credibility for all travel forecasting tasks.   
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Figure 1  A conceptual comparison of link volumes among the regional, 

                enhanced-regional, and sub-area models

How to Improve Consistency and Credibility

To ensure consistency and credibility of the model, it is important to have validated data assumptions, reasonable and explainable results, adequate documentation with regular data backup, and efficient coordination and communication with all stakeholders.  The checklist can be a useful tool to track all of this work. 

· Validated  travel model data assumptions

Travel models are designed to replicate the current transportation system / travel behaviors and are used as a tool for the evaluation of different future transportation alternatives.  A lot of data assumptions are used in the model development, validation,  and calibration process.  These are crucial factors in the credibility of a model.  The models become worthless if their assumptions are not validated or realistic.   

Travel demand models require a large amount of basic data for inputs, model validation and calibration, and model application.  Data for model inputs usually include: land use (household, employment, vehicle availability), network (street, link distance, centroid, centroid connectors, speed, number of lanes, transit routes), capacity, volume-delay functions, headways, dwelling times, auto occupancy rates, transit ridership, time of day, urban density, etc..  Data for model validation and calibration include: travel surveys, traffic counts, and travel times.  Other data, such as transportation improvement project lists, project alternatives, and roadway changes or closures are also typical assumptions for travel model applications.    

Different source comparisons and statistical analysis are the common approaches to validation of travel model data.  Travel data can be summed up by area or by group zones and the results can be compared with other data sources or control totals.  Travel data can also be displayed using GIS (Geographic Information System) for visual comparison.  Statistically, travel data can be validated using curve-fitting, absolute difference, relative difference, correlation, and variance to find outlying data.  With the help of the travel model application checklist, all these data assumptions can be validated for consistency and credibility. 

· Reasonable and explainable travel forecasting results

Travel forecasting model output should be considered “draft” results, based on a series of assumptions, data manipulation, and model processing.  Model output should not be applied for any project without a reasonableness check.  Running the model and getting output is a straightforward task, but travel modelers need to analyze those results to ensure that they are reasonable for a model application.

With the assistance of travel model software, the reasonableness of a model can be checked thoroughly using statistical analysis, comparison of different scenarios, and graphic display.  Trip length, traffic counts, travel time, RMSE (Root Mean Square Error), VMT (Vehicle Miles of Travel), VHT (Vehicle Hours of Travel), and transit ridership are generally used in statistical analysis for this purpose.  Comparison plots can be useful to identify outstanding errors, outputs and solutions.  Sensitivity analysis and other approaches can also be used to check the reasonableness of travel model results. 

In addition, model output should also be reasonable relative to original expectations.     If travel forecasting results are significantly different from the expected, analysis is needed to determine the reason for the difference.  It may involve complex interaction between such variables as specific networks, travel behaviors, K-factors, or other constraints.  Field surveys or in-house experts who are familiar with the area are also valuable for helping to evaluate and explain model results.  It is also very important for quality control that modeling output should not be released before reasonableness checks are completed.

· Adequate documentation with systematic data backup

Travel demand model development and application involves complex processes such as methodology research, travel data collection and processing, model validation and calibration, and alternative assumption analysis and evaluation.  It can take years before a final product is developed.  Without adequate documentation, it is very difficult for both the model developers and users to know and understand the assumptions, methodologies, and processes used, as well as analysis results.  The model’s credibility is at significant risk if the decisions on an important and sensitive project rely on a model whose inputs are unknown.  A project can be delayed or potentially end in litigation if there is no documentation to defend the model and the organization which developed it.

In travel model development, report documentation is the most common format to describe the detailed process of each component of the model. In travel model applications, memos, emails and other formal communications are good tools in  documenting the detailed process of forecasting analysis, recommendation, and final decision-making of a specific study.  It is important to have clear and efficient communication by all project team members to achieve the project goals.  

Above all, relevant travel data and model databanks should systematically be backed up for reference. 

· Efficient coordination and communication with all stakeholders

The crucial factor in a successful travel model application is that the users are familiar with all travel data assumptions, travel model development steps and processes, and the model application process.  In addition to modeling staff, project managers, decision-makers, consultants, other jurisdictions, and all other stakeholders need to know the assumptions and limitations of the model.  This is especially important when there are significant limitations or unique aspects of the model which can result in serious political, financial, or professional consequences. 

Coordination and communication starts with a project team meeting.  Project managers, travel demand model analysts, and other team members can discuss the needs of the project and agree on the travel forecasting process, scope of work, RFP (Request For Proposals), advisory committees, and individual responsibilities for travel forecasting tasks.  Through this process, data assumptions, model capabilities, model application limitations, and political concerns are understood, discussed and possible solutions can be agreed on.  This process will also educate all stakeholders and ensure that all decisions are made by consensus, and are made for the project based on sound travel forecasting analysis. 

Travel Model Application Checklist 

Through practical experience and the types of communication and discussion mentioned above, the following items were considered and used in the development of the King County travel model application checklist.  This checklist is an example only and is not conclusive; additional criteria or other requirements can be added to it for specific applications.  

A standardized checklist can be a very useful quality control tool for travel model consistency and credibility.  Project goals and objectives can then be achieved with higher efficiency and confidence.  The following is a brief explanation of each component in the checklist:

· Study area

The study area should cover the area significantly impacting and impacted by the project.  If there are other projects in the study area that need travel forecasting, they should be included and the study area should be expanded so all travel forecasting can be produced concurrently.  At the same time, it is also necessary to check to see if current travel forecasts are consistent with previous results in the study area.  If the results are different, there is a need to determine why they are different.  Research for other data that support the results or explain the differences may be necessary.  This is extremely important for the consistency and credibility of a travel model application for a given study area project.

· Model assumptions 

Socioeconomic and network data are two of the most important inputs for a travel demand model.  Since different land use and network data will produce different travel forecasting results, it is critical that the assumptions for both base and future year data in the study area are understood and agreed upon by all stakeholders.  When the regional model is enhanced or modified for local study area use, all the information should be reviewed, updated, and documented accordingly.  Clear documentation of this data and the agreement by stakeholders of all assumptions lays the foundation for maintaining consistency and credibility of the model.

· Study area enhancements to the travel model 

When using a regional model for a specific study area project, the model needs to be refined by adding a more detailed zone system and network to make the model reasonable for use in meeting project needs.  At the same time, link features (centroids, centroid connectors, speeds, capacities, volume/delay functions, etc.) need to be reviewed and updated.  Also, the land use data needs to be allocated to the new zone system to produce reasonable model outputs (trip generation, trip distribution, mode choice, and traffic assignment).  After the modification and calibration of the model is completed, a reasonableness check is needed to compare results with other sources.  If the results are reasonable, then the fine-tuned travel model should be fully documented and can be used for the local study area project.  Limitations and expectations of the travel model should also be discussed in a coordination meeting  with the project team, and consensus should be reached regarding the travel forecasting results and conclusions.  This ensures that the travel model has been applied for the project appropriately.

· Screenlines/modeling validation

Screenline analysis is a process to validate travel model forecasting by comparing model output with observed traffic counts.  It can point out any outstanding travel forecasting issues for areas and major roadway links for further model improvements.  However, the locations of screenlines need to be reviewed carefully to ensure that travel patterns are captured, and to meet specific project needs.  When a travel model is applied for a specific study area project, the screenline analysis may need to focus on cut-line or link-by-link level comparisons.  Note that the evaluation criteria of a specific project may be more strict than that of a regional planning project.  To ensure travel forecasting results are useful for future applications, all validation and calibration processes should be discussed, coordinated, and agreed upon by the project team up front for any travel model applications. 

· Post-processing

Although a travel demand model should not be used directly for detailed intersection traffic operation analysis, the model outputs (turning movements), after adjustments, can be used as the input for a traffic operation model.  Post-processing model output data is primarily based on current traffic counts and/or other traffic volume balance theories.  For this reason, it is extremely important to have reliable existing traffic counts for the study area.  The actual adjustment methodologies and processes used should be discussed, understood, and agreed upon for any specific project.  The entire process should be documented, and the databank should be backed up for future reference.

· Additional comments

To increase credibility, an overall evaluation of the model calibration/validation results for reasonableness needs to be provided.  To ensure consistency, the new forecasts may need to be compared with work done in the past in the same study area.  If the results are different, the reasons should be identified, explained, and documented.

Conclusions and Recommendations

The travel demand model is a very valuable tool for transportation planning and engineering.  As transportation project needs have increased, significant funding and effort in recent years is now focusing on new model development methodologies and other model improvements.  However, travel model application issues and solutions are seldom mentioned and should also be considered as an important area for improvement efforts.  Quality control in travel model development and applications should be emphasized to ensure consistency and credibility of travel model forecasts. Transportation related project decisions can be made with greater consistency, efficiency and confidence when those decisions arise from project team consensus on travel forecasting analysis conclusions.  The travel model application checklist can be a very useful, standardized tool in helping transportation project teams achieve their goals. 
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KCDOT Travel Model Application Checklist

1. Study area

Is the study area identified by the consultant wide enough to cover the area significantly impacted by the project?  

Are there any other CIP projects in the area that need modeling/forecasting information in the near future?  

Have you coordinated with other CIP projects in the study area to combine your study efforts?  

Have you checked to see what modeling efforts have been done in the study area in the past?  

2. KCDOT model assumptions 

Has the consultant reviewed the study area landuse and network assumptions in the KCDOT model? 

___Base year 

___Future year  

Does the consultant have better information or has the consultant chosen different assumptions than the KCDOT?  If yes:

___Has the consultant reviewed the new information with county staff?

___Has the consultant documented the differences?

Has the consultant reviewed area CIP assumptions and reached agreement with County staff on the projects and configurations to be included in future scenarios?

3. Study area enhancements to KCDOT model 

Has the consultant provided better landuse/network information or chosen different assumptions than the KCDOT within the study area?  (The consultant needs to expand network detail, review and modify landuse as needed, and modify the zone system within study area as needed).  If yes:

___Has the consultant reviewed the new information with county staff?

___Has the consultant documented the differences?

Has the consultant reviewed the study area zone system in the KCDOT model, and provided additional zone detail where necessary?  (The consultant needs to split zones, distribute landuse within new zones, and document their work).  

Has the consultant provided landuse comparisons of KC, PSRC and new study area zones (if any) for validation?

Has the consultant reviewed the following model network components, but not limited, within area impacting the study area? ___Speeds,___Centroid locations,___Centroid connectors,___Capacities,___Local streets,___Turn penalties

Has the consultant provided a list and a map identifying locations of all changes?

Has the County staff reviewed and agreed with the proposed changes? 

Has the consultant reviewed the following assumptions? 

___Trip rates, 

___Special generators, 

___Peak factors (3 hour to 1 hour, daily to 3 hours).

___Has the consultant made any new recommendations?

___Has the consultant reviewed these new recommendations with County staff?

___Has the consultant documented these new recommendations?

Has the consultant made changes to any of the following network attributes , but not limited, which impact modeled travel times?___Link length,___Speed,___Capacity,___VDF functions

Has the consultant provided a list and a map identifying locations of all changes?

___If yes, did the consultant rerun the trip distributions?  (This includes base year calibration as well as all future year alternatives).

___Did the consultant rerun the traffic assignment?   (This includes base year calibration as well as all future year alternatives).

___Has the consultant review resulted in any landuse changes and if so, has the trip generation model been rerun?


4. Screenlines/modeling validation

Has the consultant discussed the location of screenlines with County Staff before preparing calibration documentation?

Has the consultant discussed with county staff which screenline results will be acceptable in their final evaluations?

___ Has the county staff agreed with the consultants recommendations?

___ Has the consultant documented these agreements?

 Do the final screenline results match original expectations?

___If not, has the consultant documented its evaluation?

Has the consultant provided link-by-link screenline results, as well as screenline totals?

5. Post-processing

Will turn movements be adjusted by link or individual turn movement counts?  

Are intersections balanced to match link forecasts?

Will the post-processing ensure consistent forecasts along intersections in the same corridor?

6. HOV *

Will base HOV assumptions come from KCDOT model or another source? 

___Has the consultant provided any documentation?

How will mode shift impacts be determined for different alternatives? 

___Has the consultant provided any documentation?

7. Y2025 growth factor from PSRC model**

Will the growth factor be calculated by area or by link?  

___Has the consultant discussed this with County staff?

If link based, how will factors be calculated for links that are not in PSRC model?  

___Has the consultant provided any documentation? 

8. Additional comments

Has the consultant provided an overall evaluation of the model and calibration results for reasonableness?

Has the consultant checked to see if results from the new study are consistent with the work done in the past in the same study area? 

___If the results are different, has the consultant documented the reasons why?

How will the model be used to analyze the impacts of non-capacity related projects?

*  KCDOT uses mode choice model results from the Puget Sound Regional Council’s travel model.  

** KCDOT’s travel model includes a 1998 base year and a 2020 forecast year.  
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