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�Advanced Travel Demand Forecasting�Federal Highway Administration�Workshop 1:  Binary Logit Analysis

Background

West County contains the city of Sunville and several suburban communities.  You have been temporarily assigned to work with the West County MPO to help them develop a new set of travel forecasting tools.  Since you are somewhat unfamiliar with the geography of West County, Dotty Powers (a student intern and long time resident of Sunville) volunteered to assist with data preparation and calculations.

The Problem

You and the planners at West County MPO have been asked to quickly assess the impact of two new bus routes in Sunville.  They had been hoping to create a whole new mode split model, based on a travel survey now being conducted.  Yesterday, a decision was made by Executive Director Rudy Awaceni to use their older mode split model, updated as necessary, and validated against essential data from first 500 samples of a new travel survey.



The existing mode split model for HBW trips was developed in the late 1970’s.  It is a binary logit model for the automobile and bus modes, exclusively.



Automobile Utility = -0.03 (Auto Time, minutes) - 0.45 (Auto Cost, $)



Bus Utility =	-0.03 (In Vehicle Time, minutes) - 0.06 (Out Vehicle Time, minutes) �	- 0.45 (Bus Cost, $) + 0.2 (CBD Destination) - 0.2



where “CBD Destination” is a dummy variable equal to 1 when the destination of the trip is in the CBD and 0 otherwise.



The mode split model is thought to be still fundamentally valid, except perhaps for the presence of the CBD Destination variable.



As it turns out, the first 500 samples received in the mail were largely drawn from a corridor leading to the CBD with reasonably good bus service.



You were initially stumped as to how to proceed, but this morning you found a spreadsheet on your hard drive (LOGIT.XLS) that seemed to have been left there by Rick Stuart, the night custodian.



The Solution Approach

The Excel spreadsheet LOGIT.XLS simulates this problem.  The spreadsheet allows you to draw 500 new samples and fit a binary logit model to those samples.  The spreadsheet performs most of the important tasks of a specialized logit calibration program, except for providing “t” statistics on coefficients.  Do the following steps.

Setup

1.	Launch Excel and open LOGIT.XLS.  Make sure that the spreadsheet is set for manual recalculation (Tool, Options).

2.	Go to the Choices ply, and inspect the columns after Q where the major work is done.  The information before column Q will contain your data.  The Solver (on the Tools menu) is used to maximize the logarithm of the likelihood function (blue) by varying the coefficients of the logit model (yellow).  The spreadsheet also contains two statistics for interpreting the results -- rho squared and the implied value of time.

3.	Draw a new sample of 500 trips.  You can easily do this by selecting Reset Travel Data from the Tools menu.  At this point your spreadsheet is unique.

First Solution

4.	Scroll the Choices ply until you can see all yellow and blue cells.  Note the initial values of the coefficients.  A good guess at initial values helps speed the solution process.

5.	Go to the Solver (Tools menu).  Check that the target cell and the variable cells have been properly given to the Solver.  Tell it to solve by clicking the Solve button.  The Solver will run for a while.  (Sometimes the Solver will pause in the middle of a calculation to say that it has not yet reached a solution.  If this message appears, tell the Solver to continue.)  Accept the solution that it finds and record the following information:



All model coefficients���The value of the log likelihood function���Rho Squared���Value of Time���Second Solution

6.	Do not reset the travel data!  Omit the CBD Destination variable from the model by setting its coefficient to zero and removing the coefficient’s cell reference from the Solver.  Find new coefficients and record the same data as in step 5.





	

All model coefficients���The value of the log likelihood function���Rho Squared���Value of Time���

7.	Compare your answers to others doing this same workshop.  (If you are working alone, you can run though steps 3 to 7 a second time to try to replicate your solution with a different sample.)

Third Solution (Extra Credit)

8.	Do not reset the travel data!  Omit the Out-Vehicle Time variable by setting its coefficient to zero and removing the coefficient’s cell reference from the Solver.  Record the results as suggested in step 5.





All model coefficients���The value of the log likelihood function���Rho Squared���Value of Time���Questions

1.	Do you see any consistency between your first solution and the old model?  Do all the coefficients at least have the correct sign?

2.	Comparing your results to others, do you think that 500 samples are enough to revalidate the old model?  Why?

3.	Is the CBD Destination variable helping the model?



Extra Credit Questions

4.	As a group, calculate the sample standard deviation of each coefficient.  Suggestion:  Put the coefficients into a new spreadsheet and use the STDEV function.  We would like to see coefficients that have magnitudes at least twice their respective standard deviations (why?).  Are your coefficients significant?

5.	Note that the Create Data ply generates a normally distributed variable for the random utility term.  Is this probability distribution consistent with the theory behind a logit model?  Is a normal distribution a reasonable assumption for microsimulation of trip making behavior?

6.	Compute the likelihood ratio, before and after omitting the CBD Destination variable.  Do the same for before and after omitting the Out-Vehicle Time variable.  What conclusions can you draw from comparing these two likelihood ratios, without even doing a chi square test?

7.	The below is an excerpt from a chi square table.  What is the significance of the Out-Vehicle Time variable and the CBD Destination variable?





��	Values of (2��Degrees of Freedom�P[LR > (2] = 0.05�P[LR > (2] = 0.01��1�3.841�6.635��2�5.991�9.210��3�7.815�11.341��4�9.488�13.277��5�11.070�16.086��

8.	Can you describe another method of updating the old model which might make more efficient use of survey data?

�Dotty’s Answers

1.  The answers keep jumping around on me.  The last time I used the Solver, all the coefficients were negative, except the one for CBD Destination variable.  The Out Vehicle Time coefficient was typically about twice the In Vehicle Time coefficient, which seems OK.  Also, the value of time is not too far off from the old model.



2.  No, I don’t think 500 samples is enough.  There are only about 40 bus trips, which doesn’t seem like enough samples to figure out 4 separate coefficients.  When I once I took a statistics course as an undergraduate, the professor mentioned about something called collinearity that could affect the stability of regression coefficients.  Maybe there’s some of that collinearity is going on here.



3.  The CBD variable doesn’t seem to be helping at all.  The log likelihood hardly changed when the CBD variable was removed from the problem.  When I eliminated the Out Vehicle Time variable, the log likelihood really changed.  Twice the difference in log likelihood is 30.4, which (if I am reading the table correctly) is significant at the 0.01 level for 1 degree of freedom.

�Advanced Travel Demand Forecasting�Federal Highway Administration�Workshop 2:  Auto Availability

The Problem

Following his third speeding ticket and the suspension of his driving privileges, the MPO’s Executive Director, Rudy Awaceni, has become aware of the difficulty of being a pedestrian in Sunville.  “It isn’t safe to walk in the road, and I wind up staying home,” he said.  After a frustrating week at his home in the suburbs, he decided to reside with his elderly mother who lives near the center of town in a neighborhood where he can walk to his favorite establishments and to the MPO offices.  All this walking has started him thinking (itself a rare occurrence) whether the MPO has really taken pedestrian travel seriously.  “I know I make different trips here in center city than I used to when I had my car and lived in the suburbs.  How do we deal with this?”



The answer, of course, is that the MPO doesn’t.  Currently it uses a cross classification model for trip generation which is the same for all parts of the region.  The model uses household size and autos per household to calculate trip production for each zone.  Autos per household is found as a function of income per zone.



Earlier today you found a copy of a speech that Rudy gave three years ago to the Citizens League Organized for Urban Transit (CLOUT).  In this speech Rudy assured them about the old model, saying everything that affected trip making was included in the income variable and that CLOUT’s efforts to improve pedestrian access to transit would make no difference.  Now that Rudy is without a driver’s license, he seems to have forgotten his old speech and has been badgering the city to add traffic signals and sidewalks to his mother’s neighborhood.



CLOUT has been actively working with developers to redevelop several neighborhoods to improve pedestrian access and to attract mixed use development.  They hope to get funding from the state for some of their enhancements using CMAQ funds.  Following Rudy’s change of life style, he is supportive of the proposal, but the review committee is skeptical.  He agrees that the pedestrian factors should be included and larger numbers should be used for these zones.  You have been asked to come up with a way to show the impact on trip making of better pedestrian facilities.

The Solution Approach

The Excel spreadsheet AUTO-OWN.XLS calculates auto availability as a function of household size, number of workers, income, retail employment within one mile, total employment within 30 minutes, and a pedestrian factor.  The pedestrian factor is a number between 4 and 12, which indicates the quality of the pedestrian system in each zone (12 is excellent, 4 is poor).  The spreadsheet uses a logit model that represents the household choices of how many vehicles to own.  The logit model follows the “Portland procedure” described in the notes on pages 3-15.  Utility equations for the household choice of zero, one, two or three or more vehicles are used.  Do the following steps:

Tasks and Questions

1.	Launch Excel and open the file AUTO-OWN.XLS.

Exploring the model

In order to get a feeling for how the model works, you can do the following steps:



2.	Go to the Input Data ply and inspect the data for each of the five zones.  Assure yourself they represent a variety of zones, starting with a zone having a low income and a pedestrian orientation to a zone with high income and an automobile orientation.  Also, inspect how the data are categorized and converted in the bottom half of the ply.

3.	Go to the Calculations ply and inspect the model.  The model calculates a utility for each choice of auto ownership.  Inspect how the utilities are calculated for each zone and used to calculate auto availability.

4.	Look at the model parameters on the upper left corner of the Calculations ply (rows 1-14). - What is the meaning of the negative coefficient on workers per household?  Why isn’t it positive?  What is the meaning of the positive coefficient on the pedestrian factor?  Why isn’t it negative?  Notice that the terms in the utility are both positive and negative.  What is going on here?

5.	Notice that the utility for a three auto choice is zero and is fixed at that value.  What does that mean?  Go to the Utility Components ply to observe the magnitudes and signs of utility for each choice.

Questions 

CLOUT’s alternative will substantially improve pedestrian facilities in zones 1 and 2.  Rudy thinks that with their improvements the pedestrian factor should be 11 in these zones.  Write down the average auto ownership rates in these zones, (cells H32 and H36) of the Calculations ply and then change the pedestrian factors for these zones and record the new auto ownership rates.  What happens to the percentage of zero and one car households?  Why are the two zones different?

Inspect the Ownership Rates ply and compare the auto ownership percentages for each of the zones.

You need to give the committee an answer about the impact on trip making.  If you use a simple trip rate of 3 trips per day per auto, what is the difference in trips generated in zones 1 and 2 after the change. 

Explore the Model Some More

Go back to the Input Data ply and change the data so that the four zones have the same characteristics (2 persons, 1 worker, income of $14 thousand, retail employees of 300, total employment of 3000) except for the pedestrian factor.  Set the pedestrian factor to 12, 10, 8, 6 and 4.  Look at the auto ownership charts and compare the numbers.  Do you think they are reasonable?

Now change the data on the Input Data ply so that all zones have a pedestrian factor of 9 and different income levels of $10, $15, $20, $25, and $30 thousand.  Leave the other data the same.  Inspect the results.  Why are some results the same and others different?

Extra Credit Questions

1.	The workshop only deals with the impact of better pedestrian facilities on auto ownership.  How might the other steps in the planning process be modified to deal with pedestrians?

2.	The people from CLOUT have found out about your work.  They want to include bicycles in the model.  How would you do that?  Think carefully about trip purpose and whether the bicycle is an alternative to walking, driving, or transit.  How would good bicycle facilities affect trip generation?

�Dotty’s Answers

I now know that relative utilities are what makes the difference in a logit model, rather than the absolute values.  I added a value of 10 to each constant in line 4 of the Calculations ply, just to see what happens.  The percentages stayed the same.  It easy to see from the spreadsheet how the model calculates choice based on the differences in utilities, not their absolute value.  The zero value for the three car choice just gives a reference point for the other choices.



The positive and negative coefficients should make some sense when I compare across choices.  Larger, positive numbers for the pedestrian factor for zero cars mean it is important for the choice of zero cars, less important for a choice of one car, etc.  Larger, negative numbers pull the other direction.  More of any factor (i.e. workers per household) means that a household is less likely to make the choice.



When I changed the pedestrian factors for zones 1 and 2, the average auto ownership rates went from 1.41/hh to 1.21 in zone 1 and from 1.89/hh to 1.76/hh in zone 2.   Thus, we would expect a drop in trip making of 0.60 trips per household in zone 1 (with three trips per day per auto) and 0.39 trips per household in zone 2.   Zone 1 has more of an impact because it is has lower incomes.



For  question 10, I noticed that the income data are presented by category.  Incomes of 15 and 20 are both in the same category.  I wonder if it might be useful to look at smaller categories, i.e. 10, 20, 30 and 40.

Extra Credit Questions

Pedestrian facilities could also have an impact on transit use.  We currently use a simple coding for walk times to transit.  Maybe we should look into using a better measure for the quality of access to transit.  This may also be a way of dealing with the use of bus shelters at stops.  I think I will ask the transit system for some boarding numbers and see how those relate to the pedestrian and stop facilities.  This could be a good use of our GIS.  Our whole land use process also needs a closer look.  People are talking about different types of land use projects that could have quite an impact on travel.  We need to do a better job on land use analysis and forecasting.  I wonder if there is a course somewhere on that topic.



When I changed the pedestrian factor for question 9, the percent of zero car households in the zones with good pedestrian factors went up from 2 % to 18%, the percent of one car households stayed about the same and the percent of two car households went down from about 50 % to 20%.  I noticed that when I used a higher income in question 10 there was less of an effect.



I don’t feel that bicycle riding should be included as part of a pedestrian factor.  It would be better, I think, to have a separate factor that addresses the quality of bicycle facilities in a zone.  I’ll look into any data we have about bicycle trips and see if it relates to such a factor.  I’ll also look at our mode split model to see if bicycles can be added as another choice.



�Advanced Travel Demand Forecasting�Federal Highway Administration�Workshop 3:  Trip Generation Analysis

Background

Yesterday, after Rhonda Green left his office, Rudy Awaceni called a staff meeting to discuss the high density alternative in the next long range plan.  Rhonda, a new Commissioner, insisted that the MPO’s planning model did not properly include the effects of density of development in travel forecasts.

The Problem

The current model uses a traditional cross classification method for trip production.  You have been asked to develop an entirely new model, making it sensitive to density of development, using early returns from the travel survey now being conducted (see Workshop 1).  As a test, you were told to look at the HBO trip purpose first.  This purpose has 15 trip rates, one rate for each combination of family size (1, 2, 3, 4, 5+) and automobile ownership (0, 1, 2+).  Trip generation data and preparation for a variety of linear statistical models are provided in the spreadsheet, which was left for you by Rick Stuart, the night custodian.



The spreadsheet contains 500 samples of households that vary according to the following seven attributes:



	Family Size (1, 2, 3, 4, 5+)

	Workers in Household (0, 1, 2)

	Income (1000’s $)

	Automobiles Owned (0, 1, 2)

	Dwelling Units within 0.75 miles

	Fraction of Regional Employment within 30 minutes

	Are Children Aged < 18 in Household? (0, 1)



Each household also reports the number of home-based other (HBO) trips taken in a vehicle on a single day.

The Solution Approach

The Excel spreadsheet TRIPGEN.XLS simulates this problem.  The spreadsheet allows you to draw 500 new samples and fit a variety of linear models to those samples.  You will be making extensive use of the linear regression features of Excel, found from the Tools, Data Analysis dialog box.  In all parts of this exercise you will be estimating a linear equation in the form,



�EMBED Equation.3���



where many of the x’s are dummy (0, 1) variables.  Do the following steps.

Setup

1.	Launch Excel and open TRIPGEN.XLS.  Make sure that the spreadsheet is set for manual recalculation (Tool, Options).

2.	Go to the Choices ply, and inspect the columns after R where the major work is done.  Notice that most data that can be organized into categories have been shown as dummy (0, 1) variables.  The information before column R will contain your data.

3.	Draw a new sample of 500 trips.  You can easily do this by selecting Reset Travel Data from the Tools menu.  At this point your spreadsheet is unique.

Tasks

4.	Build a standard cross classification model of trip production.  Do this by running a linear regression with the following characteristics:



		Y Range		$Q$3:$Q$503

		X Range		$AD$3:$AQ$503

		Labels (Checked)

�Otherwise take the defaults.  If the regression reports an error, it is possible that there is a category without any data.  Check the sums in row 504 for zeros.  If a category has zero households, draw a new sample and try again.  Record the coefficients of the regression equation.  Calculate the value of each cell’s trip rate as the constant plus the coefficient corresponding to that cell.  The trip rate for the first cell (Family = 1, Autos = 0) is simply the constant.  Record the value of R-squared.  You may record these rates on the provided forms.

5.	Repeat Task 4 (from the Choices ply), but include “DU’s < 0.75” in the calculation.  This is easily done by changing the X Range to $AD$3:$AR$503 and doing the regression again.

6.	Repeat Task 4, but further include “Employees < 30 min” in the calculation.  This is easily done by changing the X Range to $AD$3:$AS$503 and doing the regression again.

Questions

1.	What are the trip rates in the standard cross classification model?  How do they differ when the variables related to urban development are added?  What would be the effect on a forecast of increased density of development?

2.	Are the variables related to urban development significant?  (Use the “t” statistic and changes in R-square to judge.)  Is the model better, in your opinion with these variables?

Extra Credit Questions

1.	Judge the effect of family structure and life cycle on trip productions.  Use the data in columns S to Z, with and without the “Workers” and “Kids?” variables.  To what extent is life cycle affecting the forecast, not already reflected by family size and auto ownership?

2.	Add urban development to the production equation that already includes life-cycles variables (Columns AA and AB).  In your opinion, is this model better or worse than the cross classification model from Task 6?

3.	What variable(s) have not been tested or collected?  Should they be?

4.	What practical considerations are involved in collecting data and estimating models containing life cycle and urban development factors?

5.	What is the relationship between the dummy variable regression and ANOVA?

�Worksheet



Task 4 Trip Generation Rates

�Family = 1�Family = 2�Family = 3�Family = 4�Family = 5+��Autos = 0�������Autos = 1�������Autos = 2+�������

R-squared  __________







Task 5 Trip Generation Rates

�Family = 1�Family = 2�Family = 3�Family = 4�Family = 5+��Autos = 0�������Autos = 1�������Autos = 2+�������

“DU’s < 0.75”  __________ (“t” = ________)

R-squared  __________







Task 6 Trip Generation Rates

�Family = 1�Family = 2�Family = 3�Family = 4�Family = 5+��Autos = 0�������Autos = 1�������Autos = 2+�������

“DU’s < 0.75”  __________ (“t” = ________)

“Employees < 30 min”  __________ (“t” = ________)

R-squared  __________







�Dotty’s Answers

My trip rates for each of the three alternative trip production models are listed on the three tables of the Worksheet.



Task 4 Trip Generation Rates

�Family = 1�Family = 2�Family = 3�Family = 4�Family = 5+��Autos = 0�1.33�3.21�2.00�3.50�3.38��Autos = 1�2.52�3.81�6.96�6.67�8.80��Autos = 2+�3.19�4.80�7.87�9.19�10.31��



Task 5 Trip Generation Rates

�Family = 1�Family = 2�Family = 3�Family = 4�Family = 5+��Autos = 0�3.64�5.55�4.27�5.97�5.49��Autos = 1�4.86�6.04�9.10�8.99�10.91��Autos = 2+�5.60�7.08�10.10�11.30�12.49��

“DU’s < 0.75”    -0.00226   





Task 6 Trip Generation Rates

�Family = 1�Family = 2�Family = 3�Family = 4�Family = 5+��Autos = 0�5.23�7.30�6.16�7.20�7.03��Autos = 1�6.46�7.72�10.79�10.44�12.72��Autos = 2+�7.46�8.57�11.88�12.95�14.12��

“DU’s < 0.75”    -0.00238

“Employees < 30 min”    -3.47



Clearly, density of development is influencing trip making in Sunville.  Trip rates decrease substantially with increasing density.  Both urban development variables are significant (“t” statistics about -6).  The trip rates in the cross classification table seem a bit large for small families when the urban development variables are included, so I would be reluctant to use this model (as is) in sparsely developed areas.



I think the model is better with urban development factors, but I worry about the interactions between family size and residential density and between automobile ownership and residential density, which are not captured by these regression equations.

�Advanced Travel Demand Forecasting�Federal Highway Administration�Workshop 4:  Multimodal Trip Distribution

Background

The City of Sunville is seriously considering a major transit-oriented development on the west side of town.  The development will include middle-income housing, shopping, offices, theaters, and various complementary services.  Transit service improvements include fewer transfers and more direct walking paths to transit stops.  The MPO’s current model is suggesting that forecasted transit ridership does not justify the increased bus service planned for the area.  American People for an Improved Environment (American PIE) has written to the MPO, suggesting that it take another look at the model to determine whether it is properly sensitive to these types of developments.



The Problem

Executive Director Rudy Awaceni recently attended the biannual state MPO directors meeting.  In the clubhouse, Rudy overheard two directors discussing the idea of integrating the trip distribution and mode split steps.  Although Rudy didn’t catch all of the conversation, he guessed that some sort of integration might improve his model (or at least give American PIE the impression that he is sympathetic to their criticism).  Rudy has asked you and the MPO’s planning staff to investigate all reasonable methods of introducing transit accessibility into the trip distribution model and to perform a pilot study on a small part of Sunville.  Right now, the MPO is using a standard doubly-constrained gravity model.  The MPO’s planners have identified two possible methods of performing this integration:



A.	Joint mode split and trip distribution in a single step;

B.	Adding a composite impedance function to the existing gravity model.



At this juncture, a singly-constrained gravity model seems most appropriate, although a doubly-constrained model could be considered later.



The study area consists of 4 superzones.  For the purposes on this experiment, you should be concerned only with the home-based shopping trip purpose.  Networks have already been analyzed to obtain the time and cost characteristics for the automobile and bus, only.  This information is found on the spreadsheet, DIST.XLS, which has recently appeared on your computer (most likely left there by Rick Stuart).

Joint Model

The joint model has been adapted and simplified from the one developed for Paris, France.  It has the usual multinomial logit form, but with added subscripts:



		�EMBED Equation.3���

where �EMBED Equation.3��� is the probability that destination j and mode k are chosen, given that the origin is in superzone i.  The utility for automobile (mode 1) is:



Uij1 = -0.15 (In-Vehicle Time) - 0.6 (Parking Seek Time) - 1.3 (Parking Cost, $)�	 + 1.0 (Number of Autos) + 1.0 (Employed, 1 or 0) - 0.4 + ln(Size of Zone j)



The utility for transit (mode 2) is:



Uij2 = -0.084 (In-Vehicle Time) - 0.17 (Out-Vehicle Time)  - 1.0 (Fare, $)

	+ 0.6 (CBD Destination, 1 or 0) + ln(Size of Zone j)



Size is found from the following equation:



Size = (Number of Department Stores) exp(6) + (Number of Supermarkets) exp(4)�	+ Number of Other Stores



Gravity Model with Composite Impedance



Trip distribution is found with a singly-constrained gravity model of the form:



	�EMBED Equation.3���

where Tij is the  number of trips between origin superzone i and destination superzone j, tij is the composite impedance of travel between i and j, expressed in units of time, and ( is 0.1 for Sunville.  To get the impedance of a mode, the utilities from the old logit model (see Workshop 1) are divided by the In-Vehicle Time coefficient.  Thus,



Automobile Impedance = (Auto Time, minutes) + 15 (Auto Cost, $)



Bus Impedance =  (In Vehicle Time, minutes) + 2 (Out Vehicle Time, minutes) �	+ 15 (Fare, $) - 6.67 (CBD Destination) + 6.67  .



Composite impedance is found from the following logsum equation, with a single parameter (.



�EMBED Equation.3���



The measure of attractiveness is the total retail gross floor area (GFA) in the superzone.  To maintain consistency with the joint model, Auto Cost will be taken to be the same as Parking Cost.



Tasks

Setup

1.	Launch Excel and open DIST.XLS.  Make sure that the spreadsheet is set for automatic recalculation (Tool, Options).

2.	Go to the Data ply and inspect the data for both models.  Pay particular attention to those variables that might change with improved transit/land use interaction.  Those variables include transit out vehicle time and the CBD Destination.

3.	Inspect the Joint Model ply.  Note the coefficients for the model.  Also note that there are three separate tables for answers, just to the right of the coefficients.  One table contains auto trips, the second table contains transit trips, and the third table contains all trips (regardless of mode).  Calculations are accomplished in the area of the spreadsheet below the coefficients.

4.	Inspect the Composite Impedance ply.  Note the coefficients for the model, especially the Log Sum constant.  Again the results are found to the right of the coefficients.  There is only one table for all trips combined (why?).  Calculations are accomplished in the area of the spreadsheet below the coefficients.

Before and After Comparisons

5.	Write down the results for the current situation (both models), before implementing the West Side plan.

6.	Make whatever changes are necessary to reflect transit service improvement and better land use in Superzone 4.  Document and justify your changes.

7.	Implement the changes on the Data ply.  Record the new results.

Sensitivity Analysis

8.	By inspecting the structures of the models, develop a strategy of varying coefficients to determine which might be causing the two models to give different results.  Implement this strategy.  Suggestion:  Vary certain key coefficients or data (e.g., auto cost coefficient, gross floor area)  and inspect their effect on trip distribution.

Questions

1.	What does improvements in West Side transit accessibility have on trip distribution?  Does the amount of change in distribution seem to suggest that a better trip distribution model would be helpful in evaluating transit plans.

2.	Why are the models giving different results?  What could be done to the models’ structures and coefficients to make them reasonably compatible?

3.	Which model do you recommend and why?

Extra Credit Questions

4.	Consider a superzone that is only partially served by transit.  How can the Composite Impedance model be modified to properly reflect the incomplete service?  How can the Joint Model be modified reflect the incomplete service?

5.	Which model would be easiest to calibrate by statistical means?  Why?

6.	What is your opinion about transferring models from remote locations, such as Paris?

�Dotty’s Answers

1.  It’s difficult to know exactly what the planning team has in mind, so I decided to try the largest transit improvements.  I eliminated transfers to and from Superzone 4, reducing out vehicle time by 10 minutes.  I also figured that buses to Superzone 4 would go a little faster or a little more directly, so I knocked 2 minutes off the in vehicle time for interzonal trips.  I also gave Superzone 4 a 1 for being a CBD, although I know it isn’t really, and reduced the automobile ownership rate by 0.2 for the residents in the zones.  The transit improvements might also affect numbers of households or retail space over the long term, but I don’t have any idea how much to change these variables.  Traveling by automobile to this Superzone might be a little more difficult, but I didn’t try to change the auto time or parking seek time.  The four tables below show the changes with each model for all modes.



Joint Model, Before, All Modes

All Trips�One�Two�Three�Four, Westside��One�2418�1021�4030�531��Two�898�1024�2508�570��Three�103�69�3444�384��Four, Westside�250�266�7194�2289��



Joint Model, After, All Modes

All Trips�One�Two�Three�Four, Westside��One�2398�1012�3996�594��Two�890�1014�2484�612��Three�103�69�3435�394��Four, Westside�289�340�7080�2290��



Composite Impedance Model, Before, All Modes

All Trips�One�Two�Three�Four, Westside��One�1338�664�5571�427��Two�591�604�3423�383��Three�113�79�3565�243��Four, Westside�293�293�8251�1163��



Composite Impedance Model, After, All Modes

All Trips�One�Two�Three�Four, Westside��One�1334�662�5554�450��Two�588�601�3407�405��Three�113�79�3557�252��Four, Westside�307�311�8196�1186��

Neither model indicated a large change to intrazonal trips, but interzonal travel to and from Superzone 4 increased.  The joint model had predicted more trips to Superzone 4, originally, and was more sensitive to the changes in transit.  It looks like transit improvements could increase travel to this Superzone by around 5% or so.  A 5% increase in trips might be important, especially if all these trips go by transit.



2.  I can get pretty good agreement between the models if I change the composite impedance model in the following ways:  (a) increase the magnitude of the friction factor coefficient to around -0.15; (b) decrease the retail GFA in Superzone 3 to about 400, and reduce the auto cost coefficient to about 5 or so.  Both models seem to be capturing all the really important aspects of the problem.



3.  I would recommend the composite impedance model because it is closer to what we have already been doing, and both models can do the job.  Anyway, I’ve been to Paris 3 times and I can tell you that the French are different from us in a lot of ways.

�Advanced Travel Demand Forecasting�Federal Highway Administration�Workshop 5: Mode Choice

The Problem

Last night’s meeting of the West County MPO’s commissioners was long and contentious.  The two new commissioners, Nigel Woodpulp and Rhonda Green, argued that the MPO is not giving a fair treatment to non-automobile modes.   The commissioners feel that you do not properly deal with car pool and bicycle travel and that your models do not adequately take into account the proposed commuter rail line from Lake Taco Estates to the center of Sunville.  The other commissioners disagreed, but eventually decided to recess the meeting until tonight to allow staff to study the issue.  The MPO’s Executive Director, Rudy Awaceni, demanded you investigate the possible use of a new mode split model prior to the resumption of the meeting.  Furthermore, he wants you to use the new model to test the effects of a program to eliminate parking costs for carpools.



The MPO’s transportation planning staff has decided to expand its current mode split model (see Workshop 1) so that it has 5 choices -- drive alone, car pool, bus, rail, and bicycle.  The planners are not sure whether to use a multinomial model with 5 parallel choices or a nested approach with three “nests” -- auto, transit and bicycle.  They have found another model from a different community that has this structure, and you have been asked to see how it works.  The alternative model structures are illustrated in Figures 5-1 and 5-2.  You have decided to look at home based work trips between Taco Lake Estates and downtown, as a case study.



Figure 5-1.  Multinomial Structure
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Figure 5-2.  Nested Model Structure
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Both mode split models use the following deterministic utility function.



	Utility 	=	-0.03 (in-vehicle time, minutes) - 0.06 (out-vehicle time, minutes)�			-0.4286 (cost, dollars) - mode specific bias factor�		=  travel utility - mode bias



In the model you are trying to adapt, the nested utilities are the same as in the multinomial model, except different mode biases are used.  Each nest has one bias at zero, with the others determined relative to the zero bias.  This strategy of setting mode biases continues to hold all the way up the nest tree.  A nest coefficient is used to combine utility at each level.  For a split among nests (e.g., auto, transit, bicycle in Figure 5-2) the equation is:



	Pr(Nest) =  exp{(utility of nested modes)(nest coefficient) + nest bias} 

	(exp{(utility of nested modes)(nest coefficient) + nest bias}



Where the utility of nest modes is found from the logsum formula.

The Solution Approach

The Excel spreadsheet NESTED.XLS appeared this morning on your computer, and allows you to compare results with both multinomial and nested mode split.  The spreadsheet solves the mode split problem illustrated in Figure 5-3.



Figure 5-3.  Taco Estates to Sunville Transit Problem
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Tasks

Setup, Exploring the Model

1.	Launch Excel and open the file NESTED.XLS.

2.	Inspect the data on the Input Data ply of the spreadsheet.  The data describe the five choices between a single origin and destination.  Do the numbers appear reasonable?

3.	The multinomial and nested mode split modes are given on the Mode Split Models ply of the spreadsheet.  Inspect the “interpretation of parameters” section starting in cells A24 of the ply.  The interpretations express the parameters in generally understandable units.  Do you think the parameters are reasonable, given your knowledge of Sunville and theory of mode choice?

4.	Inspect the Pie Charts ply of the spreadsheet.  For now, ignore the differences, if any, in the two charts.  Do these numbers look reasonable?

Questions

Set the nest coefficients for transit and bicycle to 0.8 in cells C14 and C15 on the Mode Split Models ply.  Record the mode split percentages for each model (from the pie charts).  Then change the carpool parking cost to zero on the Input Data ply.  Look at the new mode split percentages.  What is the effect on the percentage of carpooling for each model?

Do the bicycle percentage and the car pool percentages shown in the pie charts correspond to your expectations.  What do you feel is wrong with the data and/or model for these modes?  How would you change the data or models?

Inspect the DU Components ply.  What are the chief advantages of each mode versus the others, as it relates the different components of utility?  Which mode is cheapest?  Which mode is most “convenient” (lowest out-of-vehicle time)?  Which mode is the fastest (low in vehicle time)?  Which mode seems to have the most problems in the specification of the bias factor?

What will you tell your commissioners tonight about your results?  What else should you know before you change to a new modeling approach?

Extra Credit Questions

On the Mode Split Models ply change the transit nest coefficient in cell C14 from 0.8 to 0.7.  What was the effect on mode split?  Lower the transit nest coefficient again to 0.6.  What conclusions can you draw about the effect of this particular coefficient?

Inspect the mode bias cells of the Mode Split Models ply.  These are in cells G25-K25 and G29-K29.  Why are the nested mode split bias constants different from those for the multinomial mode split shown in cells G17-K17?  What is the relationship between the rail versus bus mode bias constants and the individual rail bias and bus bias constants?

�Dotty’s Answers

The carpool percentage went from 25% to 32% with the multinomial model and from 22% to 28% with the nested model.   This is about the same relative change, but the absolute numbers are different between the models.



I think the models overestimate bicycle and carpool percentages.  These numbers do not match what seems to be actually happening.  Forcing the in-vehicle coefficient to be the same for all modes may be the problem.  The experience of riding in a car by yourself is much different from riding a bicycle or even being in a carpool.  There probably should be a different multiplier on the in-vehicle coefficients.  I suspect the bicycle time multiplier in cell C5 should be different.  We need to recalibrate a bit to see what happens.



By looking at the DU components I notice that auto has the lowest in-vehicle time, but is the most expensive.  Bicycle is the cheapest and most convenient, but has the highest mode bias.  The transit and car pool modes are in between.



I’m very concerned about the transit nest coefficient results in question 9.  The splits change too much for a slight change in this coefficient.  Before we adopt this approach we should go back and look at the data used to calibrate the model.



The mode bias factors make sense to me when I write them directly on the nest diagram tree.  At each level there needs to be a zero and at the upper level the sum of the coefficients at that level plus lower levels are the same as in the multinomial model.



I think that the nested approach should be used and I will recommend this to Rudy, but I will also ask him to allocate money for better data, as well as travel money so I can go to Hawaii to look at the approach used there.

�Advanced Travel Demand Forecasting�Federal Highway Administration�Workshop 6:  Time of Day

The Problem

Everyone has been surprised how little congestion has occurred on the East Sunville Freeway during its reconstruction last summer.  The westbound lanes were reduced from three to two lanes, and data collected by the city traffic department shows that peak hour traffic volumes have dropped by 30%.  Travel times remain about the same as before, unless there is a vehicle breakdown in the travel lanes.  Traffic counts on surrounding streets showed an increase accounting for about half of the drop in freeway volumes, but the missing other half is a mystery.  The MPO is somewhat embarrassed by the comparatively good traffic, since it had made dire predictions of congestion during the reconstruction process.



Commissioner C. M. Head, who strongly resents embarrassment, suggested that some people might have simply rescheduled their trips.  The MPO currently uses a time-of-day procedure that takes whole daily traffic forecasts and factors them down by a uniform percentage to get a peak hour forecast.  These percentages have been computed from historical traffic count data.  Executive Director Rudy Awaceni has demanded a better procedure.  He wants you to come up with a technique to give better peak hour forecasts.  In particular he would like you to adjust the forecasts so our freeway traffic volumes match the ground counts. You will be asked to do a new forecast for next summer when the eastbound lanes of the freeway will be reconstructed.

The Solution Approach

A spreadsheet has been developed that takes daily trip tables and converts them to peak hour tables.  This is done with a table of data that shows how trips occur throughout the day for each trip purpose.  Trips from the production end to the attraction end (i.e., home to work) are separated from trips from the attraction end to the production end (i.e., work to home).  Daily totals by purpose are multiplied by the time of day factors to give peak hour tables for each purpose.  Trip purposes are then combined to provide the peak hour tables.  Four time periods are used:  morning peak hour, midday peak hour, evening peak hour and overnight peak hour.  It is a table look up process and there is no automatic feedback to adjust the time of day factors to reach an equilibrium.



If the model is overpredicting trips by time period, results can be affected by changing the time of day factors.  If peak hour percentages are changed, off-peak hour factors would also need to be changed to maintain the proper daily total.  This affects the entire trip table.  If problems are occurring only in specific areas, individual O-D factors could be adjusted, but this may not be a good idea.



  

�Tasks

Setup, Exploring the Model

1. 	Launch Excel and open the file TIME-DAY.XLS.

2.	Inspect the Trip Inputs ply and the two sets of trip tables.  Why are there separate tables (home-to-work and work-to-home)?  What is the relationship between these two sets of tables?

3.	Look at the Time of Day Data ply and the distribution of trips by time of day on the Charts ply.  Why do they add up to only 50%?

4.	Go to the Detailed Calculations ply to see how the model works.  Trip tables (on the Trip Inputs ply) are multiplied by the time of day factors for each trip purpose to give a combined trip table for each time period.  The combined table is also multiplied by a peak hour factor within each time period to give peak hour trip tables.  All trip purposes are combined to provide a single origin-destination table.

Questions

1.	How is this procedure better than the old process (if at all)?

2.	Rudy feels quite certain that the “lost” traffic from the freeway reconstruction project is due to time of day shifts.  How would you account for time of day shifts using this spreadsheet?

3.	Go to the Assignment ply.  This ply shows a selected link analysis for the freeway using the Figure 6-1 given below.



Figure 6-1.  East Sunville Freeway Network
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�Your model overestimates the peak hour flow on links one and two (after accounting for diverted traffic) as follows:



							  Morning		  Afternoon

							Link 1	Link 2		Link 1	Link 2

				Forecast volume 	 4573	 3953		 4960	 4288

				Actual traffic		 4102	 3700		 4050	 3600

				

	Adjust the time of day factors for a better fit of the data (remember, they should total 50% for each purpose and each direction of travel).  What are your factors?

4.    What data would you need to collect to use the model for time of day analysis?

Extra Credit Question

5.	The State Department of Transportation likes to widen roads whenever your models show peak hour congestion.  What are the implications of better time of day models on this policy?

6.   What is the significance of the use of a selected link analysis in this process?

�Dotty’s Answers

I figure that if you want to split trips by time of day and by purpose, you need to have trip tables for each direction of travel.  Home-to-work trips occur mostly in the morning, while the work-to-home trips occur in the afternoon.  The attraction-to-production tables are just the transpose of the production-to-attraction tables.  That is, the trips from Zone 2 to 5 are the same as those from 5 to 2.  Unfortunately, having two tables double counts the number of trips.  Since the time of day percentages add up to 50% (for each direction of travel) and these numbers multiply the trip tables, the total number of trips (over 24 hours) reduces to the right amount.



I feel that this procedure is better than the old process, since it does take time of day behavior by trip purpose into account.  I’m bothered, however, by the fact that the numbers are fixed and there is no modeling process to simulate how trips shift between time periods.  I’ll ask Rudy to include some money for driver surveys by time of day in the next MPO work program.



To deal with question 3, the time of day data has to be somehow changed.  Peak hour percentages need to be reduced and the leftover trips should be spread into adjacent hours.  I did a “reverse engineering” process of trial and error to find how much I had to reduce peak hour time of day data percentages to match the ground counts.  I was able to get a better match of the morning peak trips on the two links by reducing the 7:00 am home based work P-A percent by 3% and shifting it to the adjacent hours, 2% to 8:00 hour and 1% to 9:00.  



The afternoon peak was more difficult to deal with since the hours adjacent to the peak also have high numbers as shown in column I of the Time of Day ply.  First I adjusted the home based work A-P table by the same percentages as the morning, but 10 hours later.  Then I reduced the 5:00 pm non-home based trips P-A and A-P by 1% and increased the 6:00 pm percentages by 1%.  This solved the peak hour problem, but created problems at 3:00 and 4:00.  They now probably have traffic forecasts that are too big, since their weighted totals  (cells I19 and I20 of Time of Day ply) are now bigger than the 5:00 hour.  I don’t have traffic counts for these hours.  If I did, I may have to do further adjustments.



Regarding the state DOT policy, it looks like they need to think more about time of day shifts.  The relationship between the MPO and state DOT is kind of rocky.  I think I will bring this up informally with some of their staff I know well to see how they would react.  We  should have a better method, and the policy needs to be reexamined.



Selected link analysis is needed since we are changing trips at the O-D table level.  We need to know which O-D pairs use a link to see how the time of day adjustment process works.�Advanced Travel Demand Forecasting�Federal Highway Administration�Workshop 7:  Multipath Transit Assignment

Background

Sunville is seriously considering the possibility of a northside transit center.  At the moment, the northside is served by two local bus lines, an express bus line, and a commuter rail line.  Service is not coordinated and the various lines do not meet at a single convenient point.  Riders have bitterly complained about the conditions encountered when walking between routes.  In particular, there are areas with steep embankments and busy streets without sidewalks, making some presumably short walks almost impossible.  A transit center would provide protection from weather, better security, better access for the disabled, and more direct pedestrian paths.  Transfers between the lines are currently free.



The Problem

Last week Executive Director Rudy Awaceni asked the planners in West County to evaluate current passenger flows near the proposed transit center, and to recommend a realignment and rescheduling of the bus routes to improve to convenience of all four services.  He was once told that a stochastic multipath transit assignment algorithm could consider the effects of intermodal transfers on ridership, so he wants you to use this technique.  You and the planning staff decided to draw a “window” around the south side and conduct an on-board survey to determine existing passenger flows.  The on-board survey was completed just yesterday.  Figure 7-1 shows the window and Table 7-1 gives some of the flows between the eight points at the edge of the window.  For the sake of efficiency, you have already assumed that trips that might begin or end within the window would not transfer at the new center.



Figure 7-1.  Northside Transit Window
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Table 7-1.  Selected OD Flows for Northside Transit Window

�Destination at 4�Destination at 7��Origin at 2�40�80��Origin at 5�120�160��Origin at 6�130�150��

The Solution Approach

The multipath assignment algorithm follows a very simple concept.  At each decision point (node), the choice of the next link on the path is made considering the shortest time to the destination given that choice.  Trips are spread across all available choices by a multinomial logit model of the form:



�EMBED Equation.3���		Equation 7-1



where Tk is the number of trips taking link k, Ti is the number of trips entering node i, ( is a negative constant, and dk is the shortest travel time to the destination given the choice of link k.  All transfers and walking access must be shown as separate links in the network.  To further simplify the calculations, really silly behavior is prohibited.  First, you should disallow more than one transfer at a transfer point.  Second, a choice of a link must result in a lower time to the destination, once the next node is reached.  A value of ( of -0.1 has worked well in previous transit studies in Sunville.



Figure 7-2 shows the existing network of the window with many transfer links included.  Walking paths between routes that are illogical or involve excessively difficult hikes have been omitted.  Figure 7-2 also shows the link travel times.  Headways are almost identical for all routes, so it is possible (as a first cut) to use a single time for both directions of travel on all links.  At this initial stage of the analysis, you are particularly concerned with those trips terminating at the express bus (External Point #4) and beginning on the regular bus lines and on the commuter rail line (External Points #2, #5, and #6).



Figure 7-2.  Transfer Links and Link Travel Times
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The night custodian, Rick Stuart, seems to have left on your desk eight sketches of the window, each sketch showing the path choices to reach a single destination.  A quick inspection of Rick’s sketches indicates major accessibility problems for the Express Bus line, in particular.  Figure 7-3 is that sketch, showing the shortest times to External Point #4 once a given link has been chosen.  Rick added an arrow to each link to show the direction of travel assuring a logical path to the destination.



Figure 7-3.  Shortest Times to External Point #4
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Tasks

1.	Confirm that Figure 7-3 correctly shows the paths between each origin and Destination #4.  Further confirm that travel time to the destination decreases across each link, following the arrows.

2.	Identify the nodes where a choice of direction is reasonable.  These are labeled A, B, and Station.  Without doing any calculations, what should be the split (fraction) at node B?

3.	Using a calculator or Excel, calculate the splits (fraction) at node A and Station.  See Equation 7-1.

4.	Assign the riders shown in the first column of Table 7-1 to the network.

Questions

1.	What are the volumes on each transfer link in the network?  Considering the existing situation, do you see any potential for improving the convenience of service by building a transfer center?  What are the ridership implications of a transit center?

2.	Rudy would also like to consider a lower-cost alternative that might improve service.  What possibilities exist in the current network?

3.	Perform an all-or-nothing assignment on the same network for Destination #4.  How do the transfer volumes compare?  What assumptions must be made to  justify an all-or-nothing assignment?

Extra Credit Questions

4.	What problems do you see in implementing multipath assignment in a large urban area?  Are these problems surmountable?

5.	The logit model for direction choice has the IIA property.  What are the advantages and disadvantages of IIA for path choice?

6.	If Rudy had wanted to consider riders gaining access to the system from within the window, what modifications would have been necessary in Figure 7-2?  Prepare a new sketch of the revised pedestrian paths (similar to Figure 7-2) and a new sketch of path choices (similar to Figure 7-3).

7.	How does an intermodal traffic assignment relate to the concept of a nested logit model for mode split?

Appendix

The assignment process described in this workshop can be implemented by running Dial’s algorithm backwards.  Although computationally quick, Dial’s algorithm has a notable quirk – it will not assign any trips to a link that takes a rider farther from his destination than he already is.



In a real application, dk would be taken to be the remaining disutility of a trip.  The disutility would include cost and convenience factors, as well as travel time.  In addition, each direction on transfer links would have different times, depending upon the headway of the receiving route.  A more general problem could also include walk access links or automobile access links at internal origins or destinations.

�Dotty’s Answers

1.  My multipath assignment is shown below.  All the transfer links are being used, but there aren’t many riders traveling between Regular Bus 18 and the Express Bus.  Almost everyone is making two transfers to get to Destination #4, so anything to add transfer possibilities will be welcome by riders.  Travel times should drop a bunch, so I would expect ridership in this part of the system to go up.
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2.  Access to the Express Bus line would be a lot better if we could cut a path across Tostada Hill so that there was direct access from the Station and Regular Bus 18.



3.  My all-or-nothing assignment is shown below.  I had to guess the direction of travel at node B, because both the north and south directions gave identical travel times to the destination.    Fewer of the links are used by riders.  An all-or-nothing assignment seems to suggest that riders have outstanding information about the arrival of buses and there is never any change in the best places to catch a transfer.
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�Advanced Travel Demand Forecasting�Federal Highway Administration�Workshop 8:  Integrating Model Steps --  Distribution and Assignment

Background

West County has a lake that separates Sunville from two of the larger population centers in the county, as illustrated in Figure 7-1.  Sunville’s long range plan calls for an increase in employment from its current level of 10000 to a year 2020 level of 14000.  The three major population centers are served by four county trunk highways (CTH W, CTH X, CTH Y, and CTH Z) that run through some environmentally sensitive areas.



The Problem

There is concern that this sizable increase in employment may worsen congestion on these roads.  There is additional concern that the congestion may discourage workers from traveling to neighboring cities for employment.



Rudy Awaceni has asked you and your planning team to quickly evaluate the effects of the employment increase on congestion and trip distribution.  You have obtained the following forecasted information from your files.



Table 8-1.  Future Year Zonal Data

�

Zone�HBW�Productions�HBW�Attractions�Intrazonal�Trip Time�Auto�Occupancy��One�10000�16000�5�1.2��Two�8000�18000�5�1.2��Three (Sunville)�12000�28000�5�1.2��

Table 8-2.  Base and Future Year Link Data



Link�

Free Time�Capacity�(LOS C)�Background Traffic AB�Background Traffic BA��One-Two-Z�11�700�200�200��One-Three-W�14�1200�300�300��One-Three-X�13�600�100�100��Two-Three-Y�9�800�200�200��

Because both trip distribution and congestion will be affected by the growth, it is necessary to perform a combined equilibrium forecast with appropriate feedback.  You would like to accomplish this by either the method of successive averages (MSA) or Evans’ algorithm, whichever seems best.  You have also chosen a singly-constrained gravity model for trip distribution and the traditional BPR curve for congestion.



It should be observed that the productions and attractions intentionally do not balance because there are other population centers in and near West County that have been removed from the analysis.



The time period of analysis is 7-8 a.m., when virtually all trips are going in the production to attraction direction.  Half of the home-based work (HBW) trips are assumed to occur in this hour.



You were somewhat unhappy at the difficulty of this task, but this morning you found a spreadsheet (MSA.XLS) on your computer, presumably created by Rick Stuart, the night custodian.



Figure 8-1.  West County Cities and County Trunk Highways
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Figure 8-1.  West County

The Solution Approach

The Excel spreadsheet MSA.XLS performs the necessary analysis.  The spreadsheet solves the three-city problem using MSA, but it permits you to find the solution by Evans’ algorithm, too.  Evans’ algorithm can be implemented rigorously by using the Solver or approximately by trial and error.  With this spreadsheet you can compare the two algorithms and investigate the equilibrium properties of the solution.  The spreadsheet provides for 10 iterations of either algorithm.

Setup

1.	Launch Excel and open MSA.XLS.  Make sure that the spreadsheet is set for automatic recalculation (Tool, Options).

2.	Inspect the Travel Data block in the upper left corner of the spreadsheet to confirm that it corresponds to the base year forecast, as described in Appendix II.  Also, inspect the parameters block.

3.	MSA is implemented in the blocks labeled Iteration 1 to Iteration 10.  The most important cell in each of these blocks is labeled “Lambda” (yellow).  Note the progression of lambda values across the iterations.  Also, note the progression of values of Evans’ objective function (blue).  Equilibrium occurs when Evans’ objective function reaches its minimum value.  Does the MSA seem to be accomplishing this minimization?

Before and After Comparison

4.	Write down the base-year averaged (at Iteration 10) trip table (cells BO30:BR33) and link volumes and times (cells BO24:BS28).

5.	Modify the zonal data to perform the future-year forecast.  Record the same information as in Step 4.  Approximately, how much new traffic is being generated?  Did traffic increase on the roads, as expected?  If not, what happened to the extra vehicles

6.	Write down the following for the last four iterations:

	

		Evans’ objective function (cells BA46, BG46, BM46, BS46 or see Summary ply)

Link times on CTH W and CTH X for both directions of travel (cells AY26:AY27, BA26:BA27, etc.)



	How would you assess the quality of the equilibrium solution found with MSA?

The Case of Evans’ v. MSA

7.	The spreadsheet will not automatically perform Evans’ algorithm, but you can do it yourself by executing the Solver for each iteration, starting with Iteration 1.  The Solver should have already been set up to minimize Evans’ objective function for the first iteration.  Do it.  Then, repeat the process for each remaining iteration, in order.   For your reference, Table 8-3 lists the target and variable cells.



Table 8-3.  Cell References for the Solver

Iteration�Changing Cell�Target Cell��1�N22�Q46��2�T22�W46��3�Z22�AC46��4�AF22�AI46��5�AL22�AO46��6�AR22�AU46��7�AX22�BA46��8�BD22�BG46��9�BJ22�BM46��10�BP22�BS46��

8.  Repeat Step 6 for Evans’ algorithm.

Questions

1.	Which of the two algorithms is better?  What features give one algorithm an advantage over the other?

2.	Which algorithm might have the greatest potential for dealing with high-powered congestion relationships, such as those found in Chapters 9 and 10 of the Highway Capacity Manual?  Why do you think so?

Extra Credit Questions

3.	In Step 7, we insisted on minimizing the Evans’ objective function, one iteration at a time.  Would it have been more efficient to solve for all the lambda values at once?  Explain.

4.	In our small problem both algorithms could be readily applied.  The Delaware Valley Regional Planning Commission’s (Philadelphia) network has more than 1500 TAZ’s, 22000 two-way links and at least 4 trip purposes.  Which algorithm would you expect to perform better (or faster) on such a large network?  Why?

5.	Add even more trip productions to all the zones.  How does the level of congestion affect the rate of convergence?  (Hint:  Use the Summary ply.)

6.	Can you devise an easy way of ascertaining the amount of convergence error in any given solution?

Appendix I:  The Model

The nature of the travel forecasting model is not particularly important to understanding feedback principles.  The model is presented here to (a) document the spreadsheet and (b) to demonstrate that it is a reasonably sophisticated solution method for the given problem and a fair test for the feedback algorithms.



Trip distribution is performed with a singly-constrained gravity model with an exponential friction factor function having a single parameter, (.



		�EMBED Equation.3���



Equilibrium averaging of link volumes, va,, is found as a linear combination of the two most recent assignments (the “first” assignment is the most recent average, and the “second” assignment is the most recent all-or-nothing assignment).  The averaging weight, (, is either a prespecified number (MSA) for each iteration or found by minimizing Evans’ objective function, P.
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The trip table is assigned after accounting for an automobile occupancy factor and a time of day factor.  Delay is calculated with the BPR curve, containing a term for background (preassigned) traffic, vb.  The BPR curve has two parameters:  the V/C multiplier, (, and the V/C exponent, (.
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The trip table is also averaged, applying an automobile occupancy factor and a time of day factor, k.



		�EMBED Equation.3���



Evans’ objective function is either used to judge the performance of MSA or it can be used to find the averaging weight, (.
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This objective function (as illustrated here) is limited to a single trip purpose, a single mode, and an exponential friction factor function.

Appendix II.  Base Year Zonal Data



�Zone�HBW�Productions�HBW�Attractions�Intrazonal�Trip Time�Auto�Occupancy��One�8000�16000�5�1.2��Two�6000�18000�5�1.2��Three (Sunville)�10000�20000�5�1.2��

�Dotty’s Answers

1.  Both algorithms seem to be giving the same answer and have about the same value of Evans’ objective function.  I liked the MSA method better because I didn’t have to run the Solver over and over.  They’ve given me this old computer and the Solver takes a while to do its thing.  Maybe this Fibonacci guy mentioned on the spreadsheet has a better idea.  We should check with him.  Here are my values of Evans’ P and lambda for each algorithm in the future scenario.



MSA

Iteration�Lambda�Evans' P��1�0.500�884463��2�0.333�884056��3�0.250�884178��4�0.200�883809��5�0.167�883822��6�0.143�883581��7�0.125�883511��8�0.111�883496��9�0.100�883428��10�0.091�883419��

Evans’

Iteration�Lambda�Evans' P��1�0.541�884336��2�0.234�883763��3�0.079�883695��4�0.065�883657��5�0.113�883592��6�0.058�883563��7�0.108�883515��8�0.049�883494��9�0.100�883468��10�0.053�883443��

The MSA didn’t do as good a job at equalizing trip times between Zones 1 and 3, but its value of Evans’ objective function is pretty good.



2.  When I was an undergraduate, they made me take two semesters of calculus.  Now I don’t remember a lot, but I do know that taking integrals is hard.  The BPR curve is tough enough, but I couldn’t imagine trying to take an integral of all the stuff in the HCM.  So I guess that MSA would be a better choice.

�Advanced Travel Demand Forecasting�Federal Highway Administration�Workshop 9:  Validation

Background

Rudy Awaceni, Executive Director, is unusually worried about the validity of his forecast.  He now realizes that there is random error in data collected to calibrate and execute the set of travel forecasting models, but he has no idea whether there is appreciable error in the forecast itself.

The Problem

You need to assure Rudy that the forecast is valid.  You might be able to make these assurances three different ways.  First, maybe you can show that the survey is reasonably representative of households in your community.  Second, maybe you can show that the calibrated models behave in reasonable way, perhaps by replicating rules of thumb.  Third, maybe you can show that a certain degree of random error in data is tolerable in the forecasts.

The Solution Approach

You have already decided to use the spreadsheets already developed for this project.  Also, an interesting revision of the MSA spreadsheet has appeared on your computer, likely placed there by Rick Stuart.  This spreadsheet has random variables for all the data.  The spreadsheet also has an additional page to control the size of random errors and to compute summary statistics.

Tasks

1.	Load the NESTED.XLS spreadsheet into Excel.  Determine whether the nested mode split model behaves according to the Simpson-Curtin rule.  Determine whether the computed values of time are consistent with values of time reported elsewhere.

2.	Load the TRIPGEN.XLS spreadsheet into Excel.  Determine whether the sample of households corresponds to what would be expected from national data.

3.	Load the MSARAND.XLS spreadsheet into Excel.  Inspect the Random Error ply, which determines the amount of error in any piece of input data.  A 20% error means that a value will range from -10 to +10 of its nominal value, uniformly distributed.  Initially, all errors are set to 20%.  You are most concerned with the final equilibrium forecast, found in cells BP25 to BS28, after 10 iterations.

4.	From your experience, estimate the amount of error that would be present in each set of input data.  Introduce this degree of error by modifying the values on the Random Error ply.  Document your assumptions.

5.	Perform 10 forecasts (hit F9) and record the volume on link “One-Three A” in the AB direction.  Enter these values on the Random Error ply in the space provided.  Note the mean, standard deviation, and signal-to-noise ratio.



Questions

1.	Is the mode split model agreeing with well-established rules of thumb?  It might be helpful to know that the CPI in 1979 was about 73 and in 1997 is was about 160.

2.	Does the sample of households used to create the trip generation model reasonably represent households in the US?  If not, what are the differences?  Are these differences important?

3.	Do you feel that the West County Work Trip forecast is sufficiently accurate.  If not, which pieces of data seem to be most important to giving good answers?

Extra Credit Questions

4.	What strategies might you recommend to help mitigate the effect of random error in input data?

5.	Many transportation planning agencies “calibrate” their models by forcing them to agree with ground counts, often by resetting speeds and capacities.  What are the implications of this “calibration” method for the validity of long term forecasts?

6.	Is the uniform distribution a good one for describing the error of input data?  The standard deviation of a uniform distribution is:



		�EMBED Equation.3���

�where b is the top value and a is the bottom value in the range.  Do you feel that the random errors in data are canceling or adding when looking at the random error in the assigned volumes?  Would your conclusion be different for a large network?

�Dotty’s Answers

1.  I set all the nest coefficients to 1.0.  Then, I raised the bus fare (only) from $1 to $1.30.  The bus share dropped from 11.61% to 10.36%.  This is an elasticity of about -0.36, which is slightly bigger than Simpson-Curtin.  The value of time is $4.20/hour.  Since prices now are about twice what they were in 1979, the value of time is about right or maybe slightly low.  The mode split model seems to be working OK, but might be a little too sensitive to fare changes.



2.  I looked on line 504 of the spreadsheet, Choices ply.  Average persons per household is 2.52 and the number of workers per household is 1.30.  These numbers fall close to the 1990 NPTS data I have been given.  There are 52 zero-auto households, 194 one-auto households and 254 two-auto households.  This corresponds to 10.4%, 38.8% and 50.8%.  There too few households with two or more autos, probably because this sample was drawn from an area with better than average transit service.



3.  I started with all errors at 20%.  This gave a standard deviation of the volume on link One-Three-A of 134.  When I dropped the errors of all variable relating to delay calculation (background traffic, capacity, and free time) to zero, I got a standard deviation of 93.  When I dropped the errors for trip generation to zero (everything else at 20%), I got a standard deviation of 115.  I would say that errors in trip generation and delay are contributing equally to errors in the forecast.  I find it interesting that the standard deviation declined by only about 20 to 40 vehicles when errors were eliminated in whole model steps.  I also tried reducing the error, across the board, to 10%.  When I did this the standard deviation dropped to 79.  It seems that it would be better to have about the same small amount of errors is all the data, rather than have no errors in some data and big errors in other data.

�Professional Biographies of Rudy, Rick, and Dotty

Rudy Awaceni

Rudy Awaceni holds a BA degree in Political Science from State University, where he also played third base on their nationally ranked baseball team.  Having failed to gain admission to any reputable law school, Rudy played three seasons of single-A ball in the Reds organization.  Batting just .216 and thinking that planning would be more to his liking, he applied to State U’s urban planning program.  Rudy was admitted when Bill Powers, Chancellor, informed the chair of the planning department about the baseball team’s desperate need for a new infield coach and Rudy’s desire to work part-time for the available salary.  Rudy struggled in most of his classes, but managed to pass almost all, mainly because Rick Stuart rewrote his term papers.  Given a really tight planners’ job market after graduation, Rudy ran for public office.  As the only Republican candidate for state Senate in a highly ethnic district, Rudy hadn’t a chance until the incumbent (eight days before the election) was indicted on 47 counts of embezzling campaign funds.  Rudy served four undistinguished years in the Senate, choosing to take the job of West County MPO director, rather than face certain defeat at the polls.  As a planning director, Rudy is well regarded for his wardrobe.  He has recently taken credit for some surprisingly good transportation studies, claiming their success was due to his outstanding ability at delegating authority.  Being well liked by his clerical staff and being mostly ignored by his professional staff, Rudy (at the young age of 35) has attained the enviable position of a figurehead.  Occasionally, Rudy feels to urge of responsibility and acts before it passes -- thus the reason for these workshops.



Rick Stuart

Rick Stuart almost attained a PhD in Urban Planning from State U.  He transferred to State U. from the transportation program at WIT shortly after experiencing a nervous breakdown.  He believed that State U would provide happier surroundings.  Rick had some financial problems at State U.  He hit his student loan limit while at WIT and had some difficulty holding jobs around campus.  Rich had what might be termed a “personality problem”, thinking everyone around him stupid and telling them so.  The only person who didn’t seem to mind Rick was Rudy.  They formed a natural alliance.  Rick needed money and a friend; Rudy needed serious help with his term papers and take home exams.  Shortly after Rudy graduated, Rick started his dissertation, an empirical investigation of the effect of chunky peanut butter on shopping trip behavior.  Rick failed his qualifying examination after mooning the committee for their extreme skepticism.  Rick quit his studies, swearing he would never again profit from his knowledge of transportation planning.  Rick took a series of decreasingly responsible jobs.  Last year Rudy found Rick working as a worm sorter at Harry’s Bait Shop and offered him the position as night custodian at West County MPO.  Rick found contentment, never having to speak to anyone and always meeting Rudy’s exceedingly low standards for workmanship.  Rick spends his considerable free time at the MPO reading people’s trash and playing with their personal computers.



Dotty Powers

Dotty Powers is a first-year planning student at State U, currently serving as an intern at West County MPO.  Dotty received her BS degree many years ago and returned to school when her youngest daughter finished medical school.  Dotty, having no convictions whatsoever, wanted to work at the MPO because of her strong desire to be nice.  Because of her tendency to dress and act like a throwback to the 50’s, Dotty gives an initial (and somewhat lasting) impression of an airhead.  Actually, Dotty did fairly well as an psychology major while an undergraduate and has wonderful handwriting.  She chose planning over psychology for graduate studies after learning that psychology professors at State U tortured pigeons and mice, but planning professors did absolutely nothing (harmful, at least).  Having never held a paying job outside the home, Dotty is a little uncertain about her role in a workplace.  She wanders throughout the office, helping out whenever possible.  Often, she has little to do, so she’s writing a diary.  The diary describes in excruciating detail office politics, planning problems, and gossip.  She keeps the diary on her desktop computer, where her database of amazingly damaging information is out of sight and perfectly safe.
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