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Introduction RVTPO User’s Guide and Wiki A collaboration between the Virginia Department of Transportation, the Roanoke Valley Transportation Planning Organization, and WSP | Parsons Brinckerhoff. [[images/rvtpo_splash.png]]



Overview This website is intended to serve as a user’s guide for application of the Roanoke Valley Transportation Planning Organization (RVTPO) travel demand model. It provides relevant information necessary to understand how the model is applied through a Graphical User Interface (GUI), including creating scenarios, setting parameters, executing a model run, and reviewing output summaries and performance measures. The guide is part of a GitHub repository that contains the complete model source code. This guide is broken into two primary sections, navigable by the sidebar to the right. There is also a Quick Start guide with step-by-step instructions on downloading the model and running the base scenario. The first section contains instructions for using the model, including: • downloading and installing the model files • creating and running scenarios • reading and modifying input files The second section gives detail on the individual sub-modules: - Network Setup - Trip Production - External and CV Trips - Trip Distribution - Mode Choice - Time-of-Day - Highway Assignment - Feedback Loop Transit paths and assignment Model Fact • Last update: July 2016 • Base year: 2012 • Forecast year:2040 Print version of this guide This wiki website serves as the model user’s guide. Users can download a PDF of the contents from the footer at the bottom of every page, but it is possible that the PDF may lag somewhat behind the contents of the wiki. 5



Model Support The support for the Roanoke Travel Demand Model is provided by VDOT and the staff of the Roanoke Valley-Alleghany Regional Commission. Contact information is available through the VDOT travel demand modeling website. Before seeking support, please familiarize yourself with this User Wiki, and the model’s Technical Documentation.



Quick Start This page is designed to provide a step-by-step guide to installing, setting up, and running the RVTPO model. Detailed rationale for steps is available in the pages in Section 1.



Installation In this section you will download the source files for the model and set up your computer to run the model. 1. Go to the model releases page at https://github.com/pbsag/rvtpo/releases



Figure 1: 2. Download the Source Code (zip) for the Latest release of the model. 3. Extract the downloaded zip file (rvtpo-$(version).zip) to where you will run the model. A common location is C:\projects. If using the Windows extract utility, right-click on the zip file and extract to C:\projects, as shown below. This will create a new folder, C:\project\rvtpo-$(version), which we will call the model folder, or model\. Note that you may install the model to any file path that you may write to and that has enough space, though the images in this page use C:\projects\rvtpo-$(0.1.4) as model. 4. Return to the releases page and download the R.zip file, which contains the R installation and libraries for the RVTPO model. 5. Move the downloaded R.zip file to model/R/R.zip, and overwrite the dummy file that is already there (see the installation page for details). 6. Extract the contents 6



Figure 2:
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of R.zip to model/R. This should leave you with new model/R/R-3.2.2 folder, as shown below.



Figure 3:



The model is now installed on your system. 8



Running the Base Scenario



In this section you will open the model catalog and run a base scenario.



1. Double-click on the model catalog at model/roanoke.cat to open the model in Cube. If .cat files are not already mapped to Cube, Windows will give you the opportunity to select Cube as the application to open this file.



Figure 4:



2. Cube will probably warn you that your application path (model directory) has changed. Press Yes to update your paths, and then dismiss the warning about tokens that will not be changed.



3. You will see the RVTPO model open to the base scenario. To run the scenario, click the Run... button 9



Figure 5:



Figure 6:



10



highlighted below. 4. The Run Application dialog will launch, inviting you to specify scenario options. For now, click OK.



Figure 7: 5. Dismiss the warning that some files could not be found (they will be created) 11



Figure 8: 6. Press OK to start the run file. While the model is running, there will be a progress window that shows which step the model is currently on. The model takes approximately 20 minutes to complete. Setting up and Running a New Scenario In this section you will create a new scenario and prepare it to run. 1. Go to the Scenario tab at the top of the cube application, and either add a child scenario or append/insert a sibling scenario. 2. A dialog will appear inviting you to describe the scenario. Enter a description that will be useful to you and those coming after you. 3. Another dialog will appear, inviting you to run the scenario. At this point, click Close, because you have not set up the input files. 4. Place the input files into model/Base/{Scenario}/Input/. Cube will create the model/Base/{Scenario} folder, but you must assemble the input files. 5. Run the scenario following steps 3-6 in the base scenario instructions above. For detailed information on how to manage a scenario, see the Catalog and Scenario documentation.



Seeing Input and Output Files There are three ways to view the input and output files from the model. • Using the Application Manager • From the Data tab of the Cube catalog 12



Figure 9:
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Figure 10:



Figure 11: 14



Figure 12:



• Directly within Windows Explorer



Which method you use will depend on your individual preferences and the context you are working in. A full discussion is beyond the scope of this wiki, but a video showing the three basic methods is linked below (video on YouTube). 15
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Chapter 1



Model Use Setup and Organization This page describes how to retrieve the model files and how to open the model for the first time.



System Requirements The model was developed on the following platform, and has not been tested on others. • Windows 7 64-bit operating system • Cube Version 6.1.1



Retrieving the Model Files The RVTPO model files are distributed and improved using GitHub. GitHub has two types of repositories: public and private. Code on public repositories may be downloaded by anyone, and any GitHub user can file issues or follow discussions related to the model software. Code in private repositories is only accessible by specific GitHub members who have been given access. At this point the RVTPO model is stored in a private repository. To access the model code and files, contact Xin Wang. There are two methods of retrieving the RVTPO model files: 1. The Releases page contains versions of the model at specific points of completion, and users can download the model at those points. See the note about git lfs below. 2. Users may clone the entire repository and its history directly from GitHub using git. Open the git-bash application, navigate to the folder where you wish to install the model, and enter sh



git clone https://github.com/pbsag/rvtpo



Because the repository is currently private, you may be prompted for your GitHub user name and password.



Opening the Model The top-level model directory is shown below. The top-level files are as follows: 17



Figure 1.1: Top-level folder • Base: Inputs for base scenarios, and where outputs will be written. More details on this folder are on the catalog and scenarios page. • _extra: Files that are not necessary to run the model, but that are kept in the repository for convenience. • CUBE: Model application and script files. • Params: Calibrated parameters for the sub-models. In general, users will not use this folder, but details on individual files are on each sub-model’s individual manual page. • R: R executable and script files. More details on this folder are on the R modules page. • Report: Report templates for default Cube report files. • README.md: A top-level README file written in Markdown, visible on the GitHub project home page. • roanoke.cat: The CUBE catalog file. To begin using the model, double-click on roanoke.cat. Alternatively, you may open the catalog by navigating to it from the CUBE open file dialog. When you open the model catalog in Cube for the first time, Cube will invite you to update the paths in the model source files. This is not a problem, but can be avoided by installing the model to C:\projects\roanoke\, which matches the path used in development. git-lfs The model files include a complete R installation. Rather than track the 18,000 individual files that come with R, the installation is zipped in the repository at R/R.zip. This file is too large to be stored on GitHub, however, so we use git-lfs. Users who choose option 1 above will therefore need to download the R installation separately with the release source code, and place it in the R/ directory. Users who choose option 2 will need to install git-lfs prior to cloning the repository. Both users will need to unzip the R/R.zip directory. The folder should look like this: As a note, git-lfs will try to use a credential manager that may be disabled in some institutional environments. If you encounter an error such as 18



Figure 1.2: R/ directory after unzipping. error: external filter git-lfs smudge %f failed 2 error: external filter git-lfs smudge %f failed fatal: "REPO/URL/": smudge filter lfs failed it may be that git-lfs cannot find the proper GitHub credentials. This problem can often be resolved by cloning the repository using your GitHub username in the URL: git clone https://[email protected]/pbsag/rvtpo



Catalog and Scenario Manager The RVTPO model uses CUBE’s catalog, scenario, and application managers to handle model inputs and outputs.



Setting up Scenarios The scenario manager, in the image below, shows all of the scenarios that are included in the local Cube Base/ folder. The RVTPO model distribution includes two scenarios: • Base A 2012 calibrated scenario representing base conditions. • EC_2040 A scenario with 2040 input files. To change scenarios, simply single-click on the scenario’s name in this manager. This will update the catalog and application manager to point at this scenario’s input and output folders. To create a new scenario, 19



Figure 1.3: Scenario Manager
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1. Go to the Scenario tab at the top of the cube application, and either add a child scenario or append/insert



a sibling scenario. 2. A dialog will appear inviting you to describe the scenario. Enter a description that will be useful to you



and those coming after you. 3. Another dialog will appear, inviting you to run the scenario. At this point, it is unlikely that the scenario has the proper input files, so click Close. 4. Populate the model inputs directory, at Base/{Scenario}/Input/. Cube will create the Base/{Scenario} folder, but leaves it to the analyst to collect and set up the proper inputs.



To run the scenario, push Run on the scenario tab, and follow the dialogs. 21



Scenario files The files that will likely be changed in scenarios are in the scenario-level Input folder. These files are as follows (with links to the relevant documentation): • • • •



Input/hwy.net Highway network Input/se.dbf Zonal socioeconomic data Input/EXTERNALTRIPS.DBF External trip volumes Input/TROUTE.LIN Transit line file



Creating a scenario for a basic highway project will likely only require a change to hwy.net. Changing socioeconomic futures may require adjusting both se.dbf and EXTERNALTRIPS.DBF if more travel from outside the region is anticipated. Again, documentation on editing these files lies in the inputs documentation.



Catalog The RVTPO model controls some parameters through catalog keys, shown below. For the most part these keys should not be changed by the user, as the would affect calibrated results. However, a few can be changed: • Year Identifies the year of the scenario. This key is written to several output files. • Alternative This key is also written to output files, and can identify particular scenario alternatives where many input files are shared. • Select-Link Identifies which links should be the focus of a select link analysis.



R Modules Cube’s proprietary scripting language – Voyager – is not well-suited to certain data analysis and processing tasks. As a result, two modules in the RVTPO model are written in R: • Highway capacity calculation: calculate_capacities.R • Household classification model: classification.R A full distribution of R version 3.2.2 is included as part of the RVTPO model files. Additionally, there is a distribution of the appropriate version of Rtools for compiling development versions of R libraries. In general it will not be necessary for users to build these libraries, as they are already installed in the R distribution. A template for how Cube calls R programs is the highway capacity calculation calculate_capacities.R. In Cube, this appears in the Network Processing application, shown below: The voyager script at step 2 (below) assembles inputs based on the catalog key values, creates a batch script with inputs to the R program, and runs the script.



;FILEO PRINTO[1] = "{SCENARIO_DIR}\OUTPUT\LINK_CAPACITY.PRN" ; Do not change filenames or add or remove FILEI/FILEO statements using an editor. Use Cube/Application Manager. ; **NOTE THAT PILOT PROGRAMS TAKE NO INPUTS OR OUTPUTS IN THE APPLICATION MANAGER** ; set location of R executable Rexe = '{CATALOG_DIR}\R\R-3.2.2\bin\Rscript.exe' ; set location of R script that runs the classification step Rscript = '{CATALOG_DIR}\R\calculate_capacities.R' ; Collect arguments for R script. 22



Figure 1.4: RVTPO catalog keys.
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Figure 1.5: Network Processing application link_file = '{SCENARIO_DIR}\Output\link_atype{Year}{Alternative}.DBF' output_file = '{SCENARIO_DIR}\Output\link_capacities{Year}{Alternative}.DBF' ; Write batch file to run R model PRINT LIST= Rexe ' ' Rscript ' ' link_file ' ' output_file, FILE = "{CATALOG_DIR}\CUBE\LINK_CALC.BAT" ; Duplicate command in print file ;PRINT LIST= Rexe ' ' Rscript ' ' input_se_file ' ' output_file, ; PRINTO = 1 ; Run batch file from command line *{CATALOG_DIR}\CUBE\LINK_CALC.BAT The application manager does not show input or output files for PILOT modules, but the execution order defined between each step indicates that the link capacities are calculated between the Area Type application and the Network step.



Building the User’s Guide The user’s guide is written in Markdown and can be assembled into a PDF. It is not intended that regular users will need to execute this process, but it is documented here nonetheless. The user’s guide is a git repository that you must clone locally to build the document. The pages are individual markdown chapters that are converted into LaTeX files using pandoc; the files are subsequently included in rvtpo_usersguide.tex. The entire process is controlled by a makefile. git clone https://github.com/pbsag/rvtpo.wiki.git cd rvtpo.wiki make all 24



This assumes that you have pdflatex, pandoc, and GNU make on your path.
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Chapter 2



Model Stages Network Setup The first step in the RVTPO model is a network setup step, which accomplishes a number of tasks.



Figure 2.1: Network setup application Inputs • MasterNetwork/Master_highway.net Starting highway network for the scenario. • Input/se.dbf Socioeconomic file for the scenario Refer to Network Manager for details on MasterNetwork/Master_highway.net Parameters • AT.dbf Area type index parameters. 27



Outputs - Output/highway.net Starting highway network for the scenario. - Output/RVTPOBase{Year}{Alternative}.NET Network with area types, free-flow speeds, and capacities. - Output/ZONAL AT{Year}{Alternative}.DBF Zonal database with area types. - Output\IMPED11.MAT Free-flow travel time and distance skims. The names of output files are partially dependent on the catalog keys.



Extract Scenario Network The extraction is handled as a part of the network setup and needs no user modification to the script. Details on coding the master network are available in the highway inputs documentation.



Area Type The RVTPO model classifies zones and neighboring links by area type to use in link capacity calculations. The VDOT policy manual provides an area type classification table mapping levels of employment density and population density to five area types. The types are: 1. CBD - note that this is reserved for manually defined areas. 2. Urban 3. Exurban (dense suburban) 4. Suburban 5. Rural The RVTPO model calculates an area type index based on socioeconomic activity surrounding a zone; values of this index determine the model area type, calibrated against current conditions. The index for a zone z is:



Figure 2.2: Where • I is the set of zones near to z, defined as within one and a half miles. Users can adjust this value with the Radius key in the model catalog, though this is not recommended. • HH is the number of households in the zone. • EMP is the number of jobs in the zone. • alpha is an optional constant relating the relative importance of employment to households in determining area type. This is currently set to 1. • Area is the area of the TAZ in acres. In this way, the index is a spatial moving average of the household and employment density. The table below shows the area type indexes in the RVTPO model, as well as the number of zones in the model resulting from these definitions in the base year. These index values are set in the Params/AT.dbf. The figure following gives the location of these zones.
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Area Type



Description



Index Value



Count



5 4 3 2 1



Rural Suburban Exurban Urban CBD



0 0.5 5 7 30



28 135 28 14 0



Figure 2.3: Zonal area types.



Link Capacity Calculations The RVTPO model calculates link capacities using an R package called hcmr that is installed with the model’s R library. This package was funded by the North are available in the package manual. The hcmr source code is available for review in R/hcmr_1.1.1.tar.gz. Modifying the hcmr code is not supported, but is possible by editing the source code and reinstalling the edited code in the R distribution. For details on installing R packages, see this thread. 29



The package calculates free-flow speed and capacity at level of service D and E based on the link attributes: • • • •



FACTYPE: facility type LANES: number of one-way lanes POST_SPD: posted speed limitation ATYPE: calculated area type, see above.



Additionally, the calculation assumes that the terrain is “rolling” throughout the RVTPO region. Capacity at level of service E is used as link capacity for highway assignment in the model.



Initial skims As the last step in network setup, the RVTPO model computes initial travel time and distance skims based on the free-flow speed determined above. These speeds are used in the initial trip distribution and mode choice models, before model feedback.



Trip Production The Trip Production module calculates the trips generated by all the households in the RVTPO region. It is a cross-classification model, where trip rates are applied by household category.



Figure 2.4: Trip production application Inputs - se.dbf Socioeconomic file for the scenario Parameters - Params/classification Disaggregation curves for socioeconomic data. - Params/trip_prod Trip production rates by purpose for household types. Outputs - Output/se_classified_{year}{Alternative}.dbf SE data file with household classification results. - OUTPUT/HH_PROD.DBF A database with total trips produced by purpose in each zone.



Household Classification The household classification submodule computes the number of households in each category based on disaggregation curves estimated from US Census data. For example, the figure below shows the distribution of 1, 2, 3, and 4+ person households in census blocks in the RVTPO region based on 2010 census data. 30



Figure 2.5: Household size classification curves. Households in the RVTPO model are classified by the number of household members, the number of workers, and the number of vehicles the household owns. The share of households in each category is determined by the average household size, average number of workers, and average number of vehicles in each zone. As a note, this model is applied in R.



Trip Production Once the number of households in each category is known, the RVTPO model applies average trip rates by purpose determined NHTS data for households in each category. For example, the home-based work trip rates are given below:



0-worker 1-worker 2-worker 3+-worker



0-vehicle



1-vehicle



2-vehicle



3+-vehicle



0 0.4 0.8 1.5



0 0.6 1.1 1.7



0 1.114 2.214 2.3



0 1.115 2.214 3.2



External and CV Trips External Trips
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Parameters Outputs • • • •



Output/NHBNR_PA_{year}.DBF Non-home-based, non-resident productions and attractions. Output/IEEI_{year}_{period}.MAT Internal-External trip matrix by period. Output/EE_{year}_{period}.MAT External-External trip matrix by period. Output/Hwyskim.mat Free-flow travel time and distance skims (cleaned)



Coding scenarios The total volume of external trips is determined by two numbers in the EXTERNALTRIPS.DBF input table. The EXTTOTAL field is the count supplied by VDOT, which is multiplied by the AADT_FAC field to get the total volume. That is, to adjust the total volume using an external station an analyst adjusts the AADT_FAC column. To change the balance between EE and IEEI trips using an external station, adjust the ratio between these fields. External-External Trips The EE model takes the volume of EE trips allotted by the EXTERNALTRIPS.DBF file and distributes them to the other external stations using iterative proportional fitting. The seed matrix for the IPF process is the EE_Seed.MAT input file. Internal-External Trips Internal-external trips produced at the external stations are “attracted” to zones in the model region according to the coefficients given in the table below, which are hard-coded into the EE_TripGen.s script. These trips are distributed via a gravity model, coded in EE_TripDistribution.s. Variable



Coefficient



Households Industry Service High-traffic Retail+Office Retail Special Generator



0.424 0.235 0.158 0.148 0.208 0.225



Commercial Vehicles Inputs • Input/se.dbf Socioeconomic file for the scenario • Output/Hwyskim.mat Free-flow travel time and distance skims (cleaned) Parameters • Params/CVRates.csv Commercial vehicle trip rates. Outputs • Output/CV_{year}_{period}.MAT Origin-destination matrix by period. 32



Figure 2.7: Commercial Vehicle Application The CV module produces and attracts trips for trucks and commercial vehicles based on the CV trip rates. These trips are then distributed via a gravity model.



Trip Distribution The RVTPO model uses a destination choice framework for trip distribution.



Figure 2.8: Trip distribution application. The model loops over trip purposes, so the @PURP@ variable refers to any/all purposes. Inputs • OUTPUT/HH_PROD.DBF Household trip productions by purpose. • OUTPUT/se_classified_{year}{Alternative}.dbf Socioeconomic data table with household classification. 33



• OUTPUT/@MCLS_MAT@_MCLS.MAT Log sum matrix from mode choice model. • OUTPUT/op_Hwyskim.MAT and OUTPUT\pk_Hwyskim.MAT Peak and off-peak highway skims. Parameters • Params/DESTCHOICE_PARAMETERS.DBF Destination choice model parameters. Outputs - `OUTPUT/Dest_@[email protected]` Production-attraction matrix by purpose. A destination choice model is a logit model that allows for the consideration of a greater number of independent variables for estimating trip distribution, including the logsum quantities output from the mode choice model. The inclusion of the logsum variable makes the distribution of trips sensitive to transit, unlike the gravity model. This greater sensitivity improves the resulting trip tables and overall model performance. Because the mode choice model logsum is not available the first time the destination choice model runs, the free-flow time is used initially. This is resolved in subsequent iterations through model feedback. The destination choice model uses estimated trip productions from the trip production model, and predicts the probability of a traveler choosing any given zone as the trip attraction end of a trip. The destination choice model is applied for four trip purposes: • Home-based work (HBW) • Home-based other (HBO) • Home-based shop (HBSH) • Non-home-based (NHB) Due to limitations in survey data sample size the non-home-based work (NHBW) and non-home-based other (NHBO) were combined into one NHB trip purpose. The destination choice formulation is not used to distribute home-based K-12 school (HBSC) trips; instead, a traditional gravity model formulation is used with destinations controlled to student school enrollment by TAZ.



Model Structure The utility (U_ij) of choosing a trip attraction destination j for a trip produced in zone i is a function of mode choice logsums, distance between zone i and zone j, distance factors, and an indicator variable for intra-zonal production-attraction (PA) pairs. This is expressed as:



Figure 2.9: where d is the coefficient for distance factor. During the calibration of the RVTPO model it was found that seven distance bin constants were needed to best capture the observed trip length distribution for the region. Other distance terms such as distance squared or distance cubed enter the utility equation in exactly the 34



same way as the distance term. For brevity those terms are not shown in the utility equations above. Also, note that the beta coefficients are unique to each trip purpose. Once the utility for each PA pair is obtained from the utility equation above, they are used to construct the probability using a multinomial logit model (MNL). The HBW purpose is constrained so that worker production and employee attraction match at the attraction zone. This means that after the location probabilities are calculated based on the utility functions, a shadow price is added to the utility of each destination with the objective of matching a pre-specified number of trip attractions to the zone. Model coefficients The calibrated destination choice model parameters are found in Params/DESTCHOICE_PARAMETERS.DBF, and are reproduced in the table below. Variable



HBW



HBO



HBSH



NHB



HH OTH_EMP + OFF_EMP OFF_EMP OTH_EMP RET_EMP DISTCAP MC Logsum Distance Distance squared Distance cubed Log distance Intrazonal constant 0-1 mile 1-2 mile 2-3 mile 3-4 mile 4-5 mile 5-6 mile 6-7 mile



0 0 0.458594 1.6827 0.608666 22 0.5769 -0.4383 0.0137 -0.0002 0.7066 0.243186 -0.640000 -0.630000 -0.550000 -0.460000 -0.450000 -0.681716 0.562243



1.16571 0.806406 0 0 2.25512 22 0.35 -0.5788 0.0261 -0.0005 -0.4212 0.028256 -4.568915 -1.173624 -0.649630 -0.408932 -0.172694 0.134779 0.242708



0 0 0 0 3.81377 22 0.8 -0.3986 0.0166 -0.0004 -0.9034 0.232231 -2.421427 -1.005186 0.382184 0.301452 0.317626 0.542210 0.831123



0.566414 0.562614 0 0 5.11899 22 0.75 0.0978 -0.0032 0 -1.5665 0.921574 -5.362200 -0.713100 -0.049300 0.239100 0.471100 0.654200 0.694000



The shadow price is calculated dynamically within the model, but there is a template framework that the model uses at Params/HBW_shadowPrice.dbf.



Mode Choice The RVTPO contains a nested logit choice model for trips to choose the most likely mode for their trips. This model takes place in two steps: 1. The mode choice logsum application calculates choice probabilities based on travel time and costs between zones. 2. The mode choice model application applies these probabilities to convert trips by purpose into trips by purpose and mode. 35



Inputs • Input/TrnWalkPercent.dbf Zonal walk percent and parking cost parameters. • OUTPUT/@hwySkim@ Travel time matrix. In the initial run this is the free-flow travel time. Feedback runs will use congested skims. • OUTPUT/Dest_@[email protected] Production-attraction matrix by purpose. Parameters • Params/mc/ calibrated and asserted mode choice coefficients. Outputs • OUTPUT/@PURP@_MCTRIPS.MAT Production-attraction matrix by purpose and mode. • Network with area types, free-flow speeds, and capacities. • OUTPUT/@MCLS_MAT@_MCLS.MAT Log sum matrix from mode choice model. The nesting structure is defined as: In logit models, the probability of selecting an alternative i is a function of the utility of i - U_i - compared against the utility of all possible alternatives. A full treatment of logit models is available from Train (2009). Nesting allows the model to appropriately handle tradeoffs between modes that have strong similarities. For the purposes of this guide, it is sufficient to explain that the utility utility expression for each available mode is specified as a linear function which incorporates a range of variable types, including time, cost, locational measures, and the socio-economic characteristics of the traveler. Where: • U_i is the utility for mode i • B_0 is a constant specific to mode i that captures the overall effect of any significant variables that are missing or unexplained in the expression (e.g., comfort, convenience, safety). 36



Figure 2.10: RVTPO nested logit structure



Figure 2.11:
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• B_1 is a set coefficients describing the level-of-service (in travel time) provided by mode i (e.g., in-vehicle time, wait time, walk time) • B_2 is a set of coefficients describing travel cost, (e.g., transit fare, automobile operating cost, parking costs) • B_3 is a set of coefficients describing the specific attributes of the trip interchange (e.g., - Central Business District destination, park and ride lot use) • B_4 is a set of coefficients describing the influence of each socio-economic characteristic of the traveler (e.g., income group, auto ownership) The B_0 are calibrated to match total mode split targets in the region, and are stored in Params/mc/MC_Constants.csv: Name



HBW



HBO



NHB



HBSC



K_SR K_TRN K_NMOT K_PREM



-1.1703 -0.3903 -1.2258 0



0.0164 -1.9834 -0.3212 0



-0.0335 -2.4569 -1.6151 0



-1.1685 0.3261 -1.2505 0



The B_1 through B_4 parameters are asserted based on extensive experience applying mode choice models in multiple regions, and are stored in Params/mc/MC_Coefficients Variable Description Coefficient of in-vehicle travel time Coefficient of short wait time (< 5 mins) Coefficient of long wait time (>= 5 mins) Coefficient of transfer wait time Coefficient of travel cost (ex: auto operating cost or transit fare) Coefficient of terminal time (out of vehicle time) coeffiecient on walk access time to transit Coefficient on short walk distance (set by DwalkBike) Coefficient on long walk distance (set by DwalkBike) Coefficient on short bike distance (set by DwalkBike) Coefficient on long bike distance (set by DwalkBike) Short and Long Walk / Bike threshold Mode Choice Nesting Coefficient Level1 Mode Choice Nesting Coefficient Level2 Boolean: CBD MC calibration constant Coefficient on Number of transfers Auto operating cost (cents/mile) Share ride auto occupancy factor



Time-of-Day The RVTPO model converts daily productions and attractions into trips from origins to destinations by four time periods: Time Period



Time Range



AM Midday (MD)



6:00am – 9:59am 10:00am – 2:59pm 38



Time Period



Time Range



PM Night (NT)



3:00pm – 6:59pm 7:00pm – 5:59am



Figure 2.12: Time-of-Day model application. Inputs • • • • •



OUTPUT/@PURP@_MCTRIPS.MAT Production-attraction matrix by purpose and mode. Output/IEEI_{Year}_@[email protected] Internal-external matrix by period. Output/EE_{Year}_@[email protected] External-external matrix by period. Output/CV_{Year}_@[email protected] Commercial vehicle matrix by period. Params/TOD_FACS.DBF



Parameters • Params/TOD_FACS.DBF Time-of-day factors. Outputs • Output/ODAUTO_@[email protected] Auto origin-destination matrix by period. • Output/PK_Transit.MAT Peak period transit OD matrix. • Output/OP_Transit.MAT Off-peak transit OD matrix. The time of day factors are applied by period, and simultaneously convert production-attraction flows to origin-destination flows by time of day. purp



AM



MD



PM



NT



Daily



HBWPA HBWAP HBOPA



0.36428 0.00446 0.13377



0.07183 0.08215 0.16983



0.04151 0.0566 0.04945



0.02238 0.35679 0.14696



0.5 0.5 0.5
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purp



AM



MD



PM



NT



Daily



HBOAP HBSchoolPA HBSchoolAP NHBPA NHBAP



0.04231 0.4765 0 0.0833 0.0833



0.15384 0.00389 0.23583 0.24285 0.24285



0.11683 0 0.03749 0.03133 0.03133



0.18702 0.01961 0.22668 0.14251 0.14251



0.5 0.5 0.5 0.5 0.5



Highway Assignment The RVTPO model assigns period origin-destination patterns to the highway network in four periods. Inputs • Output/RVTPOBase{Year}{Alternative}.NET Network with area types, free-flow speeds, and capacities. • Output/ODAUTO_@[email protected] Auto origin-destination matrix by period. • Output/ZONAL_AT{Year}{Alternative}.DBF Zonal database defining area type for each zone. Parameters • Params/Term_Time.dbf Terminal times by area type. Outputs • Output/SL_Loaded_@[email protected] Select link origin-destination output. • Output/LOADED_{Year}{Alternative}.NET Output loaded highway network with speeds, volumes, and volume-to-capacity ratios at two levels of service. • Output/PK_CNG_HwySkim.MAT Congested travel time skim, to be fed back to mode choice and destination choice modules. • Output/Hwy_eval.csv Highway link evaluation (comparison to counts, etc.) • Output/Hwy_eval_period.csv Highway link evaluation by time of day. • Output/Hwy_eval_links.csv Highway link table with link volumes and counts. The Hwy_eval*.csv files are primarily used for base-year calibration purposes, and will not not normally be an evaluation metric.



Assignment Details Highway Assignment The algorithms used in traffic assignment attempt to replicate the process of choosing the best path between a given origin and destination. For the RVTPO model, the algorithm used for assignment is an equilibrium assignment. This widely accepted best practice approach produces link loadings by optimally seeking user-equilibrium path loadings reflecting user path choices as influenced by congestion on the network. During the assignment process, the trip table is assigned to the highway network over multiple iterations. At the end of each iteration, link travel times are recalculated using the total link demand and compared to the link travel times of the previous iteration. The aggregate change of link travel times between the current iteration and the previous is compared against the convergence criteria. Thus, the number of iterations is determined by a user defined closure parameter (set to 0.00001 for the RVTPO model) or for a maximum number of iterations (set to 250 for the RVTPO model). The final assignment represents an optimum combination of previous assignments using the Frank-Wolfe algorithm. For a given iteration, the volume-delay function is used to update the link speeds based on the previous iteration’s vehicle demand and the link capacity. The Bureau of Public Roads (BPR) function is used for the RVTPO model. The formulation of this function is shown below. 40



Figure 2.13: Highway assignment model application.



Figure 2.14:
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Where: • • • • •



T_c congested link travel time T_0 initial link (free flow) travel time V assigned traffic volume C link capacity a, b calibration parameters



The values of alpha and beta vary by facility type, and are shown in the table below. Facility Type



Alpha



Beta



Freeway Major Arterial Minor Arterial Collector Local



0.65 0.65 0.83 0.2 0.6



4.5 4 2.8 4 5.5



Select Link The select link module runs each time the highway assignment is called. The user selects the links to analyze based on the SelectLink key in the Cube catalog. See the documentation on the voyager PATHLOAD application for how to specify this key.



Feedback Loop The RVTPO model includes a feedback loop, where congested travel time skims leaving the highway assignment module are passed back into the trip distribution and mode choice modules. This allows for trips to potentially select different destinations or modes of travel if the highway path to their first choice destination is too congested.



Transit Transit Network The Transit network module builds cost skims based on the highway and transit networks, transit fares, wait times, and walk access. Inputs • Output/RVTPOBase{year}{alternative}.dbf Base highway network output from the network setup module, with area types and capacities. • Input/TROUTE.LIN Input transit line layer (see the transit network page for details on editing this file). Parameters • Params/transit/TRANSPD.dbf Transit speed values. • Params/transit/TSYSD.PTS Mode, operator, and wait time definitions. • Params/transit/TFARES.FAR Transit fare system. 42



Figure 2.15: Modules within feedback loop.
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Figure 2.16: Transit network module.



44



• Params/transit/WalkBus.FAC Factors for walk to bus paths. • Params/transit/WalkPrem.FAC Factors for walk to premium paths. Outputs These same files exist for peak and off-peak periods. • • • • •



Output/*_TransitWalk.NET Network with walk access links to transit stops. Output/*_TSKIMBus.MAT Bus mode skim matrix. Output/*_TSKIMPrem.MAT Premium mode skim matrix. Output/*_TPATHBus.MAT Bus shortest path. Output/*_TPATHPrem.MAT Premium shortest path.



Transit speeds The model sets transit speeds as a fraction of the highway free-flow speed depending on area type and facility type, using factors in the table below, stored in Params/transit/TRANSPD.dbf. Facility Local bus transit speed ratios Limited Access Arterials Collectors Local Roads Ramps Centroids, Ext. links Trolley/Premium transit speed Limited Access Arterials Collectors Local Roads Ramps Centroids, Ext. links



FACTYPE



CBD



Urban



Exurban



Suburban



Rural



1,2 3,4,5 6,7 8 9,10 11,12



0.6 0.5 0.4 0.45 0.5 1



0.6 0.5 0.4 0.45 0.5 1



0.6 0.46 0.5 0.5 0.5 1



0.6 0.4 0.5 0.5 0.5 1



0.6 0.6 0.6 0.6 0.5 1



1,2 3,4,5 6,7 8 9,10 11,12



0.861 0.734 0.645 0.691 0.861 1



0.861 0.734 0.694 0.691 0.861 1



0.861 0.692 0.703 0.715 0.861 1



0.861 0.665 0.703 0.715 0.861 1



0.861 0.861 0.861 0.861 0.861 1



Transit travel times are computed on a link-by-link basis in the highway network. Travel times for transit vehicles that operate in mixed-flow traffic are typically a function of auto travel time. The auto-transit time relationships used in RVTPO region are categorized by facility type, area type and mode. Table 5 shows a lookup table used in the RVTPO model for transit to highway speed ratios by facility type, area type and mode. These speed ratios were borrowed from the Olympus model in Florida. Two sets of speed ratios are used in the model – one set for local bus mode and the other set is for trolley and premium transit modes. Transit speed ratios for local bus in general are lower than the premium transit service. Walk access connectors The model builds walk access connectors between zones and all bus transit stops based on the Params/transit/WalkBus.FAC and Params/transit/WalkPrem.FAC factor files. A transit rider walking from a centroid to a transit stop is represented in the network by a walk access connector. The path from a centroid to a stop is based on the shortest highway distance from the centroid to the transit stop. An average walking speed of 2.5 miles per hour is assumed. The travel time of the shortest distance is computed and stored in the cost variable on the access connector. A maximum of 5 walk access 45



connectors are built from the centroids to all transit stops within a 0.6 mile radius from the centroid. Walk access connectors are usually generated as two-way legs to allow movement in both directions. Path cost The model calculates transit costs for peak and off-peak time periods based on the transit link travel time (above), walk access times, initial wait and transfer times, the transit fare, and mode-specific factors. The wait time for a transit service is half of the service headway, but with a minimum wait time of two minutes and a maximum wait time of 30 minutes. The transit fares as well as transfer fares are stored in Params/transit/TFARES.FAR, and are reproduced below. Mode



Initial



Transfer Bus



Transfer Trolley



Transfer Premium



Local Bus Starline Trolley Premium Service



1.5 0 2



0 1.5 0



0 0 0



0.5 2 0



The resulting skims are passed to the mode choice and destination choice models. The skim matrices contain the following measures: Number



Title



Skim



1 2 3 4 5 6 7 8 9



WALKTIME BUSTIME TRTIME PREMTIME XFER IWAIT XWAIT FARE TOTTIME



Walk access time Local bus travel time Trolley travel time Premium transit travel time Number of transfers Initial wait time Transfer wait time Transit fare Total time



Transit Assignment The transit assignment module loads the transit trips from the mode choice model onto individual shortest-path services in the transit network. Inputs These same files exist for peak and off-peak periods. • • • •



Output/*_TransitWalk.NET Network with walk access links to transit stops. Output/*_TPATHBus.MAT Bus shortest path. Output/*_TPATHPrem.MAT Premium shortest path. Output/*_Transit.mat Period transit trips as determined by the mode choice module.



Outputs • Output/Trn_*.NET Loaded transit network • Output/Trn_*.dbf Transit volumes by route and node.
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Figure 2.17: Transit Assignment module.
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Appendix A



Input Files Highway Networks
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The RVTPO highway network is a Cube .net file. There are two versions of this file, for the two scenarios delivered with the model. • Base/Input/highway.net is the highway network in 2012. • Base/EC_2040/Input/highway.net is the existing plus committed highway network from the 2035 longrange plan, adjusted based on input from RVTPO and VDOT staff. These projects are listed in the table below. Project



Change in Model



Interstate 81 - Exit 150 Interstate 581 - Valley View Interchange Phase II Route 11/460 west of Salem Route 221 - ARRA Project Route 634 (HardyRoad) 10TH STREET Orange Avenue - Route460 Route 460 near Salem - widen to 3 lanes with curbs & sidewalks



Redraw interchange links, add Gateway Crossin Add ramps to and from north, and build conne Change from 1 to 2 lanes Change from 1 to 2 lanes, reconfigured intersec Change from 1 to 2 lanes Planned Improvements do not affect model capa Change from 2 to 3 lanes Change from type 5 to type 4



Network Fields The fields in the network are shown in the table below. Field



Description



A B ID LENGTH DIR DISTANCE FACTYPE LANES POST_SPD RTE_NAME AAWDT TMS_ID SCREENLN TUNNEL BRIDGE TRK_PHB PED_PHB TRAFF_PHB VDOT_CAP



Starting node Ending node Link ID (see note below) Link distance in miles, as measured by CUBE Directional key, should be 0 Link distance in miles, if different from measured LENGTH Facility type (see table below) Number of one-directional lanes. Posted speed limit Route name 2012 VDOT count volume Count location ID Screenline identifier Y if a tunnel, N or NA if otherwise. Y if a bridge, N or NA if otherwise. Y if trucks allowed, N if otherwise. Y if pedestrians allowed, N if otherwise. Y if vehicles allowed, N if otherwise. Capacity override requested by VDOT.



A few notes on the fields: • ID is the linkid on the original shapefile VDOT provided as a starting point. Links that have been added to the network may not have this field, as Cube treats the A:B combination as its only unique link key. • DISTANCE. When a user draws a new link, Cube automatically calculates the LENGTH field. But as many links are longer than their straight-line distances, calculations in the rvtpo model instead use the 50



DISTANCE field that should be set manually if it is different from LENGTH • DIR is available to reverse one-way links that are drawn in the wrong direction. It is preferred to reverse these links or to draw them in the correct location. • VDOT_CAP If set to a value other than zero, this value will override the capacity calculations that use the highway capacity manual methodology and all other link attributes. This field was stipulated by VDOT. The values of FACTYPE are described in the table below: FACTYPE 1 2 3 4 5 6 7 8 9 10 11 12



Name Interstate/Principal Freeway Minor Freeway Principal Arterial Major Arterial Minor Arterial Major Collector Minor Collector Local High-speed Ramp Low-speed Ramp Centroid Connector External Station Connector



Coding Scenarios The following attributes should not be changed because they are constructed by Cube: A, B, LENGTH. The AAWDT, TMS_ID, and SCREENLN fields are only used for model validation. TUNNEL and BRIDGE are purely informational, and do not affect any model results. Other fields in the input network may be changed as necessary to represent the scenario under study. Fields that affect the link capacity are FACTYPE, LANES, and POST_SPD. Using VDOT_CAP will override these attributes. These same fields affect the free-flow travel time, plus LENGTH or DISTANCE (the longer of the two is used). The *_PHB fields will prohibit certain vehicle types from using that link. New links will require the analyst to alter each of the network fields; documentation on drawing new links is available in the CUBE application manager. It is often easier to copy and paste an existing link with similar attributes than to draw an entirely new one.
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Transit Networks
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Transit networks in the RVTPO model are stored as .LIN files in each scenario. The Base scenario therefore contains the 2012 transit network, and the EC_2040 scenario contains the long-term transit plan network. In addition, there are two additional transit networks stored in _extra/lin_files: • half_headway.lin is the 2012 network with all headways cut in half for a sensitivity analysis. • med_term.lin is the medium-term transit plan network. Each transit line file is a text file where each route has the following attributes: • NAME The Route name or number. • ONEWAY Whether the route is oneway (T means one way). Because RVTPO runs its buses in paired route numbers, all routes are one-way. • HEADWAY[1] Peak period headway in minutes. • HEADWAY[2] Off-Peak period headway in minutes. • MODE The mode of the service. Buses are 21, Starline trolley is 22, and . See the Mode Choice and Transit module guides for details. LINE NAME="11", ONEWAY=T, HEADWAY[1]=30, HEADWAY[2]=60, MODE=21, OPERATOR=1, N=3746, -3668, 3590, 3587, -3592, 3637, 3652, -3685, -3696, 3700, 3701, 5693, 3509, -3521, -3531, 3538, ... Coding Scenarios Documentation on editing transit line layers is available in the Cube application help. To edit a transit network for a new scenario: • Move a starting .LIN file into the scenario Input/ directory, and rename it to TROUTE.LIN • Make the edits to TROUTE.LIN using a text editor or the Cube transit layer editing tools. • The edits can involve alignment changes, peak or off-peak headways, or changes to the transit mode.
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Socioeconomic Data
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The RVTPO model uses socioeconomic tables defined by the MPO. The starting variables are shown in the table below. variable N, Z DISTRICT COUNTY ACRES POP HH WORK VEH EMP EMP_NOSG SCHOOL IND RET HTRET SER OFF SG_RET SG_AIR SG_COL SG_HOS SG_NAME ID



2012 total



158960.2 257292 113015 126846 199984 134859 124206 35388 21536 22621 10727 49504 23048 2711 535 1118 3059



definition TAZ ID District County TAZ is located in Acres in TAZ Population (in households) Households Workers Vehicles Employment Employment minus Special Generators K-12 Students Industrial employment Retail employment High traffic retail employment Service employment Office employment Special generator: retail Special generator: air Special generator: college Special generator: hospital Name of the special generator ID for R plotting



Note that the POP variable represents “population in households.” This excludes “population in group quarters,” or people living in prisons, college dormitories, monastic institutions, etc. Census statistics typically report “Total population,” and these other two categories separately. Special generators are regional malls, colleges, and other types of destinations that likely have special trip attraction patterns, and that are treated separately in the destination choice model. Coding scenarios For scenarios that test changes in socioeconomic or land use data, analysts must take care when adjusting these values. The following fields should not be modified: N, Z, COUNTY, ACRES, ID. The other fields in this table are codependent; if an analyst increases the population she also must increase the number of households, workers, and vehicles. Otherwise, the analyst will be adding people who are non-working and auto-insufficient, which may not have been the intent of the scenario. Scenarios where the auto sufficiency changes are possible by altering the ratio of households and people to vehicles. Zones that have zero population must also have zero households, workers, and vehicles. Otherwise the model may crash with divide by zero errors.* Similarly, the EMP column must represent the sum of the employment sub-categories, and EMP_NOSG the sum of the sub-categories without the SG_* categories. Otherwise, there may be inconsistencies in multiple sub-models.
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Appendix B



Output Files Daily Highway Network
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The RVTPO model assigns period origin-destination patterns to the highway network in four periods.



Figure B.1: Highway assignment model application. Inputs • Output/RVTPOBase{Year}{Alternative}.NET Network with area types, free-flow speeds, and capacities. • Output/ODAUTO_@[email protected] Auto origin-destination matrix by period. • Output/ZONAL_AT{Year}{Alternative}.DBF Zonal database defining area type for each zone. Parameters • Params/Term_Time.dbf Terminal times by area type. Outputs • Output/SL_Loaded_@[email protected] Select link origin-destination output. • Output/LOADED_{Year}{Alternative}.NET Output loaded highway network with speeds, volumes, and volume-to-capacity ratios at two levels of service. • Output/PK_CNG_HwySkim.MAT Congested travel time skim, to be fed back to mode choice and destination choice modules. 58



• Output/Hwy_eval.csv Highway link evaluation (comparison to counts, etc.) • Output/Hwy_eval_period.csv Highway link evaluation by time of day. • Output/Hwy_eval_links.csv Highway link table with link volumes and counts. The Hwy_eval*.csv files are primarily used for base-year calibration purposes, and will not not normally be an evaluation metric.



Assignment Details Highway Assignment The algorithms used in traffic assignment attempt to replicate the process of choosing the best path between a given origin and destination. For the RVTPO model, the algorithm used for assignment is an equilibrium assignment. This widely accepted best practice approach produces link loadings by optimally seeking user-equilibrium path loadings reflecting user path choices as influenced by congestion on the network. During the assignment process, the trip table is assigned to the highway network over multiple iterations. At the end of each iteration, link travel times are recalculated using the total link demand and compared to the link travel times of the previous iteration. The aggregate change of link travel times between the current iteration and the previous is compared against the convergence criteria. Thus, the number of iterations is determined by a user defined closure parameter (set to 0.00001 for the RVTPO model) or for a maximum number of iterations (set to 250 for the RVTPO model). The final assignment represents an optimum combination of previous assignments using the Frank-Wolfe algorithm. For a given iteration, the volume-delay function is used to update the link speeds based on the previous iteration’s vehicle demand and the link capacity. The Bureau of Public Roads (BPR) function is used for the RVTPO model. The formulation of this function is shown below.



Figure B.2: Where: • • • • •



T_c congested link travel time T_0 initial link (free flow) travel time V assigned traffic volume C link capacity a, b calibration parameters



The values of alpha and beta vary by facility type, and are shown in the table below. Facility Type



Alpha



Beta



Freeway Major Arterial Minor Arterial Collector Local



0.65 0.65 0.83 0.2 0.6



4.5 4 2.8 4 5.5
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Select Link The select link module runs each time the highway assignment is called. The user selects the links to analyze based on the SelectLink key in the Cube catalog. See the documentation on the voyager PATHLOAD application for how to specify this key.
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Transit Route Loadings
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anyone, and any GitHub user can file issues or follow discussions related to the model software. Code in ... Because the repository is currently private, you may be prompted for your GitHub user name and password. ... The RVTPO model uses CUBE's catalog, scenario, and application managers to handle model inputs and. 
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