Technical Memorandum No. 8.5�Journey-to-Work Model





1.1  Introduction


This memorandum describes the Journey-to-Work Trip Model developed as Task 8.5 of the Transportation Models and Data Initiative (TMDI). This initiative represents an initial element of a major effort undertaken by the New York Metropolitan Transportation Council (NYMTC) to forecast the transportation needs of the New York Metropolitan Region� through the year 2020.  The Journey-to-Work Model is used to forecast daily trends in work trip travel on a county-to-county basis by all modes, given county-level forecasts of payroll employment by place of work, employed labor force by place of residence, and home-based workers on a five-year interval basis from 1990 to 2020.


Journey-to-work trips account for the overwhelming share of peak period travel in the Region.  Comprising all trips by rail, subway, bus, auto, taxi, ferry and other modes, including walking, weekday journey-to-work generates a substantial flow of travel between counties of residence and counties of work, and within the same counties of residence and work.  Because of the Region’s “hub-bound” nature of travel, the largest single interchange occurs with Manhattan, which has more work trip destinations than resident origins and daily attracts some 1.4 million workers from outside the borough, including some 600,000 commuters from outside New York City.  Over time the pattern of hub-bound work trips has changed marginally on a regional basis, with New York City residents accounting for a declining number of Manhattan workers, as commuters from east and west of the Hudson River increase.  Intra- and inter-suburban journey-to-work have also grown, as most new employment and labor force generated in the Region over the past two decades has located outside New York City.


Technical Memorandum 7.6 presents historical journey-to-work data collected for the 31 county Region on a county-to-county basis for the years 1970, 1980 and 1990.  Technical Memorandum 8.8 provides county-level employment forecasts for the Region on an annual average basis from 1995 to 2020, and Technical Memorandum 8.11 presents county-level labor force forecasts for the Region on an annual average basis over each five-year interval from 1990 to 2020.  Collectively, these data sources comprise the building blocks of a Journey-to-Work Trip Model for the Region and a simulation of future journey-to-work commutation flows between counties on a five-year incremental basis between 1990 and 2020.  These forecasts include estimates of commute trips into and out of the Region, as well 







































































as “work-at-home” forecasts which do not have an associated commute trip.  The Journey-to-Work Trip Model used as the basis for the forecasts is commonly known as a “Fratar” Model; it was selected after consideration of two alternative methodologies.  In the section 2, below, these alternatives are discussed and an overview is given of the modeling process.  This is followed in section 3 by an extended discussion of the model inputs and controls, in section 4 by a more detailed discussion of the model methodology, and in section 5 by a discussion of the special considerations involved in the occupation-specific forecasting.  Section 6 presents a description of the layout of the Microsoft Excel model workbooks and section 7 describes work products delivered under this task.


Key Points


The Journey-to-Work Model was developed to provide an initial, highly aggregate forecast of work trip distribution within the Region and between the Region and the rest of the nation as a whole, using county-level zones.


The Fratar method was chosen as the most appropriate to this task.  It is a version of the growth factor methodology, whose essential characteristic is the distribution of future year trips by an expansion of the existing distribution pattern.  In the Fratar method, the existing trip pattern is modified based on forecasted changes in resident labor force (corresponding approximately to trip origins) and employment by workplace (corresponding approximately to trip destinations) at the county level.


Two sets of forecast trip matrices were produced.  The first applies the results of the employment and labor force forecasting (see Technical Memoranda 8.8 and 8.11) to the Fratar method to produce initial trip flow forecasts consistent with these forecasts, which represent annual averages.  The second uses the initial output matrices to calculate base-to-forecast year increments in county-to-county flows; these are then re-benchmarked to an initial base-year matrix developed from the Census 1990 CTPP data set to produce forecasts consistent with this latter source, which represents trips for the “census week” of April 1, 1990.


Forecasts were made for the work force as a whole; in addition an alternative forecast series was generated stratified by four occupational groups:  high white collar, low white collar, blue collar, and service.  Occupation-specific forecasts were produced as a sensitivity test and were generated on an annual average basis only.  In this memorandum the main forecast series for the entire workforce is usually referred to as the “all workers” forecast, an the alternative series as the “occupation-specific” forecast.


Home-based workers were excluded from the journey-to-work modeling and forecasted separately.


The models were implemented in two Microsoft Excel v. 5 workbooks, referred to as the Fratar Model Workbook and the CTPP-Adjustment Workbook, respectively.


Glossary of Terms


The following table gives definitions of terms used frequently in the memorandum:


Payroll Employment �
Non-agricultural wage and salary employment (which excludes agricultural workers, the self-employed, unpaid family workers and domestic workers in private households).�
�
Trip-Based Employment �
Primary, non-agricultural jobs outside the home that generate a work trip.  �
�
Employed Labor Force �
Civilians 16 years old and over who are either at work or temporarily absent from work, not including unpaid volunteer workers or active-duty armed forces personnel.�
�
Work-at-Home Labor Force �
Employed Labor Force whose primary place of employment is at home and who therefore do not generate a work trip.�
�
Trip-Based Labor Force �
Employed Labor Force who leave their home to reach their place of primary employment.�
�
Net Regional Trip-Based Labor Force �
The total regional labor force after accounting for net in or out commutation between the Region and the rest of the nation.  Equal to the sum of 1) the total regional trip-based labor force and 2) the net in/out commute between the Region and the rest of the nation.  Used to infer the level of regional employment from labor force data series.�
�
Regional Employment Adjustment Factor�
Defined as the ratio of the total net regional trip-based labor force (discussed above) and the total regional payroll employment.  Used to reconcile discrepancies between the labor force and employment forecasts which would impede accurate resolution of the journey-to-work forecasting matrices.�
�
Adjusted Trip-Based Employment  �
Trip-Based Employment as adjusted by the Regional Employment Adjustment Factor  (defined above).�
�
Resident Workers �
A term used by the US Census Bureau to designate labor force by place of residence counted in the Census Transportation Planning Package, which is based on responses to the long form sample questionnaire, and includes only workers who reported to work during the first week of April.�
�
Worksite Workers �
A term used by the US Census Bureau to designate employment by place of work counted in the Census Transportation Planning Package, which is based on responses to the long form sample questionnaire, and includes only employees who reported to work during the first week of April.�
�



2.  Methodological Overview


Fratar Method Versus Alternative Methodologies


In selecting the Fratar methodology, two alternative approaches were first considered.  The first method was an “increment-change” model, based on changing worksite trip-end relationships between the 31 counties in the Region.  The proportion of workers commuting to a particular worksite from elsewhere in the Region �-- say, the fraction of Manhattan’s workers coming from each county -- was calculated for 1980 and 1990, and an average annual change factor was established.  These factors were estimated forward in five-year increments and multiplied by employment control totals to create a travel matrix for a particular forecast year.


Two problems were encountered with this method.  First, the forecast of factors usually required factoring adjustment to make the sum of factors equal unity.  The second problem was that spurious factor results tended to occur in interchanges between counties that had small bases but experienced considerable change between 1980 and 1990.  For example, an exchange of 50 persons in 1980, and only 20 in 1990, “trended” into negative numbers, requiring a final factoring adjustment to achieve unity.


The second approach that was tested was a “continuous projection” model.  This model computes an average growth rate for each county-to-county interchange, based upon historical trends over several decades.  For example, the ratio of interchanges from 1960 to 1970, 1970 to 1980, 1980 to 1990 were computed and averaged to yield a trend growth ratio that could be used to forecast future-year interchanges.


This approach was largely unusable due to data limitations.  Although regionwide, county-level journey-to-work data were available for each decade since 1960, the data were inconsistent with other published data sets, and ultimately unusable.


Overview of Methodology


The Journey-to-Work Model is built on the Fratar Model methodology, which relies upon the existing pattern of travel between counties within the Region to predict future county-to-county changes in work trip flow.  It is based on the assumption that the pattern of county-to-county trip interchanges in future years roughly follows that of the base year, subject to forecasted changes in county-level patterns of labor force and employment.  The Journey-to-Work Trip Model uses the 1990 US Census CTPP data series as a basis for establishing the base-year trip pattern and the outputs of the employment and labor force models (tasks 8.8 and 8.11) as inputs to establish future county-level employment and labor force trends.  This section presents a brief overview of the modeling methodology, including a basic presentation of the Fratar process and a “big picture” description of the modeling from initial entry and adjustment of inputs to final outputs.  This discussion is intended to serve as context for the more detailed methodological sections later in the memo.


The Journey to Work model is contained in two Microsoft Excel version 5 workbooks, referred to, respectively as the Fratar Model Workbook and the CTPP-Adjustment Workbook (see section 7, Work Products, for file names and descriptions).  The first uses the Fratar process to generate initial county-to-county trip matrices using employment and labor force controls based on the forecasts delivered under tasks 8.8 and 8.11.  This workbook is capable of generating an output matrix for only one forecast year at a time.  The second workbook is used to compile the outputs of the first and re-benchmark them for consistency with the Census Bureau’s CTPP data set for 1990.  (In the case of the occupation-specific forecasts, no re-benchmarking was undertaken, and the second workbook contains the compiled outputs of the first workbook only.)


Re-benchmarking is necessary because the labor force and employment model outputs used as controls are reported as annual average totals.  Thus, in effect, the initial output matrices represent forecasts consistent with these annual average forecasts and comparable historical data series.  Transportation planners, on the other hand, generally rely on a special data series, the Census Transportation Planning Package (CTPP), issued jointly by the Census Bureau and the US Department of Transportation.  The latter is based on a decennial Census long form sample questionnaire which reports employment and labor force figures for a given week (the April 1, 1990 “census week”); these figures may differ from the annual average totals reported in other data series.  The adjusted forecast matrices are consistent with these CTPP data and other comparable historical data sets, such as the Census Public Use Microdata Series (PUMS).  It should be noted that the CTPP-adjusted forecasts can be used when the increment or decrement in future trips is required in absolute terms.  When growth rates are of interest, net change per period should be factored over the initial 1990 annual average matrix.


To produce the initial output matrices, the Fratar process uses a base-year matrix of county-to-county work trip interchanges within a given commutershed, as well as between the commutershed and the rest of the nation as a whole (see Tables 1 and 2). It is arrayed with counties of trip origin as row headers and counties of trip destination as column headers; the row and column totals thus represent, respectively, the total trip-based employed labor force by place of residence and total trip-based employment by place of work�. The base year matrix establishes the propensity of workers in each county to work in the same or another county. It is used to calculate coefficients of interchange -- that is, the percent distribution of trip ends for work trips leaving a given county of residence -- which reflect the actual travel patterns in the most recent year for which data are available (see Tables 3 and 4).  From the base-year matrix, future year matrices can be developed by accounting for changes in county-to-county interchanges (cells), and end column and row totals.  A new matrix is generated in which: 


row and column totals are reconciled with county-level row- and column-end controls based on the exogenous forecasts of labor force and employment, and


the resulting pattern of cell interchanges matches that of the base matrix as closely as possible.


If all row and column totals grow at the same rate, then the pattern of cell interchanges in forecast years will be identical, in proportional terms, to that of the base year.  Discrepancies between growth rates of different counties will introduce alterations in the cell pattern, so that for any given forecast year the pattern of work trip interchanges produced by the model will differ to some degree from that of the base year.  Greater variation in county growth rates results in a lower probability that the model will produce a correct matrix pattern solution.  Furthermore, although the results for any given county origin-destination pair are most heavily conditioned by the changes in row and column totals for those counties, the forecasts for each county are affected by the others as the model distributes growth where it can be accommodated in the matrix.  Thus it is important to review the plausibility of model outputs.�


The mechanics of the Fratar process are described in greater detail below in section 4.  Building on the basic Fratar methodology, journey-to-work trip forecasts were generated following a series of steps (see Figure 1):


Historical and forecasted labor force and employment inputs were entered into the model, where they were adjusted for use as the row and column controls described above.


Using the Fratar process forecast-year outputs matrices, with row and column totals matching the control totals, were generated and compiled.


For each forecast year, the increment between base and forecast year was calculated on a cell-by-cell basis for each county-to-county origin-destination pair.


For each origin-destination pair, the increment was added to the 1990 CTPP base year to produce a new forecast matrix.


In effect, then, steps one through three are used to project increments of change in work trip interchanges consistent with forecasted change in employment and labor force.  Step four applies these increments to the interchanges reported in the 1990 CTPP to produce a final forecast matrix consistent with CTPP figures.  


Adjustments to Model Inputs


As noted in step one above, the model makes adjustment to the input data in order to produce the row- and column-end controls used in the Fratar process.  This is necessary because of discrepancies between the outputs of other TMDI models and the input requirements of the Fratar process.  The specific rationales and methodologies for the various adjustments are discussed in detail in section 3 below.


Model Outputs


As discussed above the modeling process produces both intermediate (after step 2) and final (after step 4) output matrices.  The intermediate outputs are forecast matrices consistent with the annual average employment and labor force forecasts discussed in other TMDI technical memoranda.  The final outputs are forecasts consistent with the Census Bureau’s historical transportation planning package data series (CTPP, UTPP, etc.).  Both intermediate and final outputs will be delivered to the client.  Journey-to-work forecast results are discussed in Technical Memorandum 8.12.


Disaggregation by Occupational Group


In order to investigate the effects on work trip patterns caused by changes in the Region’s economic structure, consideration was given to producing alternative journey-to-work forecasts stratified by occupation and income groups.  The latter was determined to be infeasible because of the absence of residence-end income distribution data.  Forecasts were produced stratified by four occupational groups (high white collar, low white collar, service, and blue collar).  This was done in order to account for 


differences in historical travel behavior between occupational groups, and


forecasted changes in the Region’s occupational structure.


For instance, if employment growth is concentrated among high white collar and service workers (as is anticipated), the forecasted pattern of work trips may reflect the historical work trip behavior of these groups.  In the discussion that follows the main forecasts for the workforce as a whole will be referred to as the “all workers” forecast, while the occupation-driven alternative will be referred to as the “occupation-specific” forecast.  Technical Memorandum 8.12 includes a comparison of forecasts generated by the all-workers and occupation-specific scenarios.  Occupation-specific forecasts were generated on an annual average basis only, and thus the final steps of the all workers forecasting, which involve re-benchmarking the annual average outputs to 1990 CTPP terms, were not undertaken for the occupation-specific scenario.  Apart from this, the modeling process is basically the same for both scenarios, although the latter presents some special data collection and adjustment issues which are discussed in section 5 below.


Workbook Structure


The Fratar model can be implemented using any standard spreadsheet software package.  The Journey-to-Work Model has been delivered in Microsoft Excel version 5 workbooks, which allow the development of three-dimensional (multi-worksheet) matrices, as well as Visual Basic macros which facilitate switching between different model scenarios.  The workbook layout of the model is discussed in section 6 below, including instructions for running the model.


Model Limitations


The journey-to-work model forecasts county-level work trip trends as a function of historic work trip patterns and forecasted regional patterns of employment and labor force change.  The occupation-driven alternative incorporates the effects of changing patterns of occupation by place of work and residence.  The model accounts for no other factors which might affect future work trip patterns, and model outputs must therefore be reviewed for plausibility.


Given the limitations of the model’s design, it is only possible to alter the model’s outputs by making adjustments to the various input variables or input adjustments.  This was the approach taken in responding to the review of the model’s initial outputs by various concerned agencies.�  Concerns about the accuracy of forecasts for particular county-to-county interchanges were addressed by adjusting the base matrix of coefficients for the relevant county pairs.  (Detailed instructions for updating model inputs are given in section 6, below.)  The ability to automatically compare or adjust model outputs against externally generated trip forecasts or controls is beyond the current parameters of the model design.  Incorporation of such an ability would require design and testing of a) a suitable methodology for adjusting output trip interchanges which fail to match the external controls and reallocating trips within the matrix appropriately, and b) a suitable implementation of the above within the spreadsheet or another format. 


3.  Model Inputs and Controls


The Journey-to-Work model requires inputs of a number of sets of variables which it uses to calculate row and column controls:


Base-year county-to-county journey-to-work matrix;


Base year and forecasted employed labor force by county of residence;


Base-year and forecasted payroll employment by county of workplace;


Base-year employed labor force working at home, by county;


Forecasted net commutation between the regional commutershed and the rest of the nation.


These inputs are in turn adjusted to produce the Fratar model controls (see Figure 2 and discussion in Section 2, above).


The remainder of this section is divided between a discussion of data input sources and calculation of Fratar model controls.  Special issues pertaining to occupation-specific inputs and controls are discussed in Section 5, below.


Data Inputs


Base-Year Journey-to-Work Matrix


As discussed above, the Fratar process uses a base-year matrix of county-to-county work trip interchanges within a given commutershed, as well as between the commutershed and the rest of the nation as a whole.  The matrix is arrayed with counties of trip origin as row headers and counties of trip destination as column headers, as shown in Table 1.


Two data sources are available for base-year journey-to-work data:  the decennial Census Journey-to-Work data of the US Bureau of the Census and the Regional Economic Information Service (REIS) Journey-to-Work data of the US Bureau of Economic Analysis.  The latter source is essentially derived from the former source, which provides more extensive geographic and attribute data.  Decennial census journey-to-work data were released in 1980 as the Urban Transportation Planning Package (UTPP) and in 1990 as the Census Transportation Planning Package (CTPP).  For purposes of the JTW Fratar Model, the 1990 CTPP Statewide Element was used.  The CTPP provides commutation data on a residence-based, worksite-based, and origin-destination-based flow of travel for all reported work trips by various travel and socio-economic attributes.  


For the base-year journey-to-work matrix, which is a total trip matrix, “Part C” of the CTPP commute flow data was selected for county-to-county interchanges of all workers aged 16 and older who did not work at home.  While “Part C” provides a picture of all reported county-level work trips by mode for the New York Metropolitan Region, several points must be kept in mind.  The data reflect:


Commute trips made during the “census week,” i.e., the first week of April, 1990;


Commute trips made by workers who left home to get to their jobsite, including jobsites within the county of residence.  Homeworkers are counted elsewhere;


Commute trips made by workers traveling to their primary job.  The additional trips of persons with multiple jobs are not recorded.


It should be noted that the CTPP data set relies on information supplied by survey respondents for a given time period and does not specifically account for trips not reported or occasional absences.  The number of work trip interchanges between the Region and the rest of the nation -- i.e., the “imported” workers who reside outside the Region but work within, and the “exported” workers who reside in the Region but work outside -- were also collected from the CTPP.  Imported workers were computed by subtracting the number of regionally-residing workers from the total number of persons at work in a given county reported by the worksite-based “Part B” tables.  Likewise, exported workers were computed by subtracting the number of resident workers working in the Region from the total number of workers residing in each county of the Region reported by the residence-based “Part A” tables.  As would be expected, most of the “import/export” commuting occurs at the periphery of the Region, in counties such as Mercer, New Jersey and New Haven and Litchfield, Connecticut.


Payroll Employment


Average annual payroll employment is presented at the county level for the years 1990 through 2020 in Table 5.  1990 figures were adopted from the state Department of Labor data series compiled in Technical Memorandum 7.1. Comparable data for the years 1995 through 2020 were adopted from Technical Memorandum 8.8 which presents outputs of the Employment Model, discussed in Technical Memorandum 8.1.


Employed Labor Force


Figures for total average annual employed labor force at the county level are presented in Table 7.  They were adopted from Technical Memorandum 8.11 on labor force forecasting and analysis, which presents the outputs of the Labor Force Model.  The latter was used to calculate subregional level forecasts in five-year increments, as discussed in Technical Memorandum 8.4. These subregional figures were disaggregated to the county level following the distribution of subregional county-level population growth, as discussed in Technical Memorandum 8.11.


Base-Year Work-at-Home Labor Force and Trip-Based Labor Force


Home-based labor force is presented in Table 11.  Data for 1990 were collected from “Part A” of the Census Transportation Planning Package (CTPP), which records socio-economic characteristics of workers at their place of residence.  County-level estimates for the forecast years were based on the 1990 ratio of home-based to total employed labor force and were reconciled at the subregional level with the home-based labor force as forecasted by the Labor Force Model (see Technical Memorandum 8.4). Trip-based labor force is calculated at the county level as the residual of total employed labor force and work-at-home labor force, and is presented in Table 9.


Base-Year and Forecasted Regional Net In-Commute


Forecasted regional net in-commute -- that is the net in-commute, expressed as either a positive or negative flow, between the 31-county regional commutershed and the rest of the nation as a whole -- was calculated as the sum of subregional net in-commutes.  The latter were forecasted for each subregion, on a racial/ethnic basis, in the Labor Force model based on historical average ratios of net commutation to employed subregional resident labor force for each group.


Adjustment to Inputs


As mentioned above, home-base workers were excluded from labor force controls.  Work-at-home employment was forecasted separately, and is discussed in section 4, below.


Because of discrepancies between the labor force and employment forecasts resulting from the different forecasting methodologies, payroll employment figures were adjusted further to match labor force.  Payroll employment was adjusted to equal trip-based employed labor force at the regional level, thus ensuring an equal number of total trip origins and destinations, as required for accurate resolution of the Fratar Model matrix.  This was accomplished by means of an employment adjustment factor based on a regional employment control, which was calculated as net regional trip-based labor force, i.e. the regional resident labor force adjusted for the net in- or out-flow of commuters between the Region and the rest of the nation as a whole:


		� EMBED Equation.2  ���


where LFR(NET is the net regional trip-based labor force, LFR is the regionally residing trip-based  labor force and NETCOMR is the net commute between the Region and the rest of the nation (a positive figure for a net inflow and a negative figure for a net outflow).  An adjustment factor was then calculated as the ratio of net regional trip-based labor force to total (unadjusted) regional payroll employment for each time period:


		� EMBED Equation.2  ���


where FACTORR(EMP is the employment adjustment factor, and EMPR(T is the total (unadjusted) regional payroll employment.  Payroll employment for each county was then factored upward or downward as expressed in the equation:


		� EMBED Equation.2  ���


where EMPadj is the adjusted county-level employment and EMPunadj is the unadjusted county-level employment.  Adjusted county-level employment figures thus represent trip-based employment comparable to the trip-based labor force series.  They are presented in Tables 5 and 6, and also appear as column totals in the output matrices of the initial (Fratar Model) workbook.  It should be noted that the adjusted employment figures are used only for the purposes of achieving an accurate resolution of the Fratar Model, and should not be compared directly with other historical or forecasted employment data series.


Regional labor force and employment figures used to calculate the employment adjustment factors were based on the data inputs described above, with the exception of the year 1995, which was based on recently released estimates of average annual employment and labor force from state Department of Labor sources.


4. Methodology


Section 2 presented an overview of the modeling process, from the initial entry of inputs to final outputs (see Figure 1).  Section 3 described the model inputs and adjustments.  The current section discusses the modeling methodology in detail, with particular attention to the structure of the Fratar Model.  As mentioned above, the Journey-to-Work Model uses the Fratar methodology to generate an initial forecast series in annual average terms, which are then benchmarked to 1990 US Census CTPP data.  Implementation of the model was divided between two Microsoft Excel Workbooks, referred to as the Fratar Model Workbook and the CTPP-Adjustment Workbook. These correspond, respectively, to the first two and last two steps of the overall modeling process discussed in section 2 (see Figure 1).  Section 6 below discusses in greater detail the layout of these workbooks.  The current section will focus on the model methodology itself, which is conceptually independent of its particular implementation within a given software package.  For greater clarity, however, the discussion below will follow the division of the modeling process between the two workbooks.


Fratar Model Workbook


The Fratar Model Workbook accepts the model inputs, adjusts them for use as the row- and column-end controls, resolves the model for a given set of scenario controls, and generates an output matrix.  Home-based workers are excluded from work trip modeling, forecasted separately and incorporated into the model’s output matrix.


Journey-to-Work Forecasting


As discussed in section 2, the Fratar process uses a base-year matrix of county-to-county work trip interchanges within a given commutershed, as well as between the commutershed and the rest of the nation as a whole.  This is arrayed as an origin-destination matrix with counties of trip origin as row headers and counties of trip destination as column headers.  Row and column totals are equal, respectively, to employed, trip based labor force by place of residence and trip-based employment by place of work.  The Fratar process is used to create a new matrix with the same cell pattern as the base-year matrix and row and column totals equal to row and column total controls based on exogenous forecasts of labor force and employment.  The basis of the methodology is the progressive refinement of the output matrix through the generation of a succession of intermediate matrices whose calculated row and column totals are adjusted for consistency with the expected control totals.  Alternating column-wise and row-wise adjustments yield a solution which is eventually optimized in both directions.  This is done following a series of steps:


1.	The base-year matrix of actual work trip interchanges (see Tables 1 and 2) is used to create a new matrix of trip-destination coefficients (see Tables 3 and 4), which represents the share of total trips from a given county of origin within the Region (or of trips from the rest of the nation as a whole) that go to a particular county of destination within the Region (or to the rest of the nation as a whole).  For a given county of origin this can be expressed in the equation:


			� EMBED Equation.2  ���


where i represents a given destination county.


2.	For any given scenario, a first-iteration forecast matrix is generated by multiplying labor force controls for each county by the base-year trip-destination coefficients.  For a given county of origin this can be represented in the equation:


			� EMBED Equation.2  ���


	This takes the form of a new origin-destination matrix with the same pattern as the base matrix and row totals equal to the forecasted labor force controls, but column totals (i.e., the calculated employment by county of workplace) not necessarily equal to employment controls.


3.	A second iteration forecast matrix is generated in which the initial matrix column totals are reconciled with the expected employment controls by multiplying each work trip destination cell value by the ratio of expected to calculated employment for the county of destination (where calculated employment is equal to the sum of work trip destinations to that county from all origins).  For a given cell, this follows the formula:


� EMBED Equation.2  ���


	where j represents a given model iteration.  This produces a matrix with column totals equal to employment controls but row totals (new calculated labor force by county) not necessarily equal to labor force controls


4.	A third iteration matrix is generated in which calculated labor force is reconciled to labor force controls in a manner analogous to step 3.


� EMBED Equation.2  ���


5.	Through a series of repetitive iterations, a final forecast matrix is generated in which calculated row and column totals are both approximately equal to the control values.  In this implementation fifty iterations have been used, producing calculated values very close to the controls.


Work-at-Home Forecasting


Home employment for 1990 was derived from the Census CTPP data set, for the all occupations forecasting, and from the PUMS data set, for the occupation-specific forecasting.  Home employment for future years was estimated, at the county level, based on the 1990 ratio of home workers to all workers, and adjusted to match the forecasted total (all workers) subregional home employment produced by the Labor Force Model (see Technical Memorandum 8.4).  The latter estimates home employment by indexing 1990 levels to growth in proprietors.  It should be noted that no effort was made to account specifically for the effects of technological advances which in the future might facilitate telecommuting from home or otherwise affect the pattern of work trips.  This is due both to the lack of historical data and to the difficulty of extrapolating future trends either in technology or its applications. In the current model, the effects of telecommuting are captured in a rough way as a function of the growth in proprietors, which includes the growing number of self-employed individuals who will be able to work at home through the use of communications technology; however, this method is subject to obvious limitations such as its inability to differentiate the effects of self-employed telecommuters from proprietors in general, and the inability to account for telecommuting payroll employees.  Insight into current telecommuting behavior may be gained from the Home Interview Survey to be conducted in a future work phase.


Output Matrix


The output of the Fratar Model Workbook is a trip matrix including figures in average annual terms for:


Each county-to-county origin-destination pair; 


Workers living in counties within the Region whose workplaces are outside it; 


Workers residing outside the Region who commute to workplaces in counties within the Region; 


Regionally-residing workers who work at home.  


CTPP-Adjustment Workbook


As mentioned above, since the model is capable of producing an output matrix for only one forecast year at a time, outputs for all years have been compiled in a second workbook with one forecast year per worksheet.  In the case of the all workers forecasting, this workbook is also used to benchmark the initial forecasts to the 1990 CTPP figures.�  CTPP-adjusted forecasts for each origin-destination pair are calculated as the sum of  1) the number of trips in the 1990 CTPP base year, and 2) the increase or decrease in trips between 1990 and the forecast year as calculated based on the compiled outputs of the Fratar Model Workbook.  For a given origin-destination pair, this can be expressed in the equation:


		� EMBED Equation.2  ���


where 1) TRIPS refers to the number of journey-to-work trips between the origin-destination pair, 2) adjusted refers to figures adjusted for consistency with the 1990 CTPP figures, 3) INCREMENT refers to the difference between 1990 and the forecast year for the O-D pair, and 4) annual average refers to the Fratar Model Workbook’s outputs, as controlled by annual average employment and labor force forecasts.


The output of the CTPP-Adjustment Workbook is an adjusted matrix for each forecast year, benchmarked to the CTPP base-year figures, and in the same format as the output matrices of the Fratar Model Workbook.


5.  Occupation-Specific Forecasts


Occupation-specific forecasts were made for the following major groups:


High White Collar - workers with professional, technical and managerial occupations


Low White Collar - workers with clerical, administrative support and sales occupations


Service - workers with private household, protective service, and other service occupations including health and personal care skills


Blue Collar - workers with precision production, craft and regular occupations, operators, fabricators and laborers, and farming, forestry and fishing occupations.


As mentioned in section 2, occupation-specific forecasts provide the advantage of greater sensitivity to changes in the Region’s occupational structure, allowing travel forecasts to reflect the different work-trip characteristics of the occupational groups.  The results of occupation-specific journey-to-work forecasting are intended to serve, not as substitutes for the single-matrix approach, but as tests of the possible variations in trip patterns when stratified for changes in the structure of the economy.  Because they are used only as sensitivity tests, occupation-specific forecasts were generated on an annual average basis only.


Because of the more limited availability of occupation-specific data, occupation-specific forecasts required the use of different input sources and adjustments than those used for the trip-based work force as a whole; these are described below.  Technical Memorandum 8.12 presents an analysis of the occupation-specific forecasts and comparison with the forecast for all trip-based workers.


Data Inputs


Base-Year Journey-to-Work Matrix


Because occupation-specific work trip data are not available from the CTPP, the source used in developing the base-year journey-to-work matrix for the all-workers forecast, occupation-specific base matrices were constructed using the 1990 Census Public Use Microdata Samples (PUMS) 5% sample data set.  Like the CTPP, PUMS is based on the decennial long-form questionnaire.  Whereas the former presents summary tables geared to the uses of transportation planners, the latter offers the user the ability to prepare his or her own summaries through the use of a weighted sample of actual long-form responses.  While this gives the user much greater flexibility in terms of analytical possibilities, the PUMS data set comes with its own set of limitations.


First, because the PUMS data set includes only a sub-sample of long-form responses, some additional imprecision is introduced by the weighting of the PUMS records required in the tabulation process, which may become evident in tabulations with very low numbers.


Second, because of the possibilities for detailed cross-tabulation to compromise the confidentiality of respondents, geographical identification of PUMS records is limited to a relatively high level.  To balance the concerns of geographical specificity and confidentiality, the Census Bureau has created a special geographical unit of analysis, the Public Use Microdata Area (PUMA), with a minimum population of 100,000.  Although it is usually possible to use PUMS to determine county-level data by aggregating the PUMAs within a given county, this is not possible for counties whose population falls below the 100,000-person threshold, which are grouped with adjacent counties to form a single PUMA.  Within the 31-county Region, Sussex and Warren Counties in New Jersey are grouped together to form a single PUMA, as are Dutchess and Putnam Counties in the Mid-Hudson.  In addition, Sullivan County, in the Mid-Hudson subregion, is grouped with Delaware County, which is outside the Region.  In the preparation of the occupation-specific base-year journey-to-work matrices, these PUMAs were disaggregated to the county level on the basis of CTPP county-level data for the work force as a whole.


Based on the PUMS data set separate base-year trip matrices were produced for each of the occupational groups described above (see Table 2), consistent in format with the matrix generated from the CTPP data set for all workers, as discussed in section 3.


Payroll Employment


Table 6 presents county-level, occupation-specific payroll employment figures for the years 1990 through 2020, which represent a disaggregation of total payroll employment figures based on the best available data sources for historical and forecasted occupational distribution. For 1990, occupational shares of county-level employment were determined on the basis of the 1990 Census Transportation Planning Package Statewide Element Part B, Table B02, which reports work trip ends by occupation for primary jobs during the “census week” for 1990.  Occupational shares for 1995 through 2020 were based on forecasted county-specific employment growth/decline for each occupational group, based on the employment forecasts presented in Technical Memorandum 8.8, using the 1990 figures as a benchmark. All occupational breakdowns of payroll employment were reconciled with the county-level forecasts presented in Technical Memorandum 8.8 for the years 1995 to 2020, and with the state Department of Labor Figures presented in Technical Memorandum 7.1 for 1990.


Employed Labor Force


Table 8 presents total employed labor force figures by county and occupation for the years 1990 through 2020.  Occupation-specific employed Labor Force data for 1990 were obtained from the Census STF3A file.  For 1995, occupation-specific projections of employed labor force were made from the 1990 figures based on the average annual percent change between the 1980 and 1990 STF figures, and were reconciled to the forecasts of total employed labor force at the county level as reported in Technical Memorandum 8.11.


Because of the high proportion of intra-subregional commutation, it was assumed that changes in the occupational structure of the resident work force for the period 1995 through 2020 would reflect that of employees by workplace at the subregional level (as reported in Technical Memorandum 8.11).  Using 1995 as a base year, county-level occupation-specific forecasts for the years 2000 through 2020 were made by applying the five-year, subregional percent change in employment for each group.  Occupation-specific forecasts were reconciled at the county-level with the forecasted total employed labor force reported in Technical Memorandum 8.11.


Base-Year and Forecasted Work-at-Home and Trip-Based Labor Force


Table 12 presents forecasted home-based employed labor force by occupation for the years 1990 through 2020.  Because of the lack of occupation-specific data sources on anticipated trends in home employment, both base-year and forecasted work-at-home employment were calculated based on the 1990 county-level ratio of work-at-home labor force to total employed labor force (see discussion in section 4, above). The latter was calculated on an occupation-specific basis from the 1990 Census Public Use Microdata Samples (PUMS) 5% sample files.  Trip-based labor force was calculated as the residual of total employed labor force and work-at-home labor force on a county- and occupation-specific basis, and is presented in Table 10.


Base-Year and Forecasted Regional Net In-Commute


Forecasted regional net in-commute for all workers -- that is the net in-commute, expressed as either a positive or negative flow, between the 31-county region commutershed and the rest of the nation as a whole -- was calculated as the sum of subregional net in-commutes, which were in turn calculated within the Labor Force Model (see Technical Memorandum 8.4).  Because the latter does not offer any occupational detail, and in the absence of any other basis for determining occupation-specific characteristics of regional net in-commutation, the total regional net in-commute for all workers was divided evenly between occupational group for purposes of the occupation-stratified journey-to-work modeling.


6.  Workbook Structure


The journey-to-work modeling was implemented using Microsoft Excel v. 5 spreadsheet software.  Modeling was undertaken separately for all-worker and occupation-stratified scenarios.  In each case two workbooks were required, one to generate the initial output matrices and a second to compile the outputs, and for the all workers forecasting to calculate increments and generate final output matrices (see section 2 and Figure 1, above).  As mentioned above, these are referred to as the Fratar Model Workbook and the CTPP-Adjustment Workbook, respectively.


The reason for this approach is the large size of the Fratar model, with its correspondingly great demands on computer disk space and memory.  While it would theoretically be possible to create a single workbook to carry out all the steps of the modeling process (including generation of initial output matrices for all time periods, calculation of increments, and application of the latter to the 1990 CTPP base matrix) in reality the resource demands of such an approach would be prohibitive.  In order to avoid this problem the process is divided between two workbooks.  The first (“Fratar Model Workbook”) resolves the Fratar model for a single scenario at a time and generates an initial output matrix.  The second (“CTPP-Adjustment Workbook”) is used to compile the initial outputs, and for the all workers forecasting to calculate increments and generate the final CTPP-consistent matrices.  The Fratar Model Workbook has the ability to switch between various scenarios using the appropriate controls, which are stored in “look-up tables.”  Workbooks of both types have been delivered to the client for both the all-workers and occupation-specific scenarios.  File names and descriptions are given in section 7, below. 


Fratar Model Workbook


The Fratar Model workbook contains a number of interlinked spreadsheets, with separate sheets for model inputs and adjustments, calculations, and outputs.  In addition, a number of sheets contain Visual Basic macros which automate certain tasks, making it easier for the user to run the model.  This section begins with a discussion of the layout of the various worksheets and concludes with user instructions for running the model and changing model inputs.


Workbook Layout


The Fratar Model workbook contains a number of separate, but linked, spreadsheets, which can be grouped into four categories:


1. Output worksheet (the sheet OUTPUT).  The first worksheet in the workbook displays the model output in the form of a county-to-county trip matrix for a given scenario. If all inputs have already been entered, the model can be run from this worksheet without accessing any other worksheets.


2. Input worksheets  (sheets JTW_INPUTS, EMP & LF LOOK UP TABLES, LF WORK AREA, REG EMP CNTRL, ADJ LF & EMP, and NET COM).  These sheets accept all the model inputs, including the 1990 journey-to-work base matrices, base year and forecasted employed labor force by county of residence, base year and forecasted payroll employment by county of work, work-at-home employment by county, employment adjustment factors, and net commutation between the entire regional commutershed and the rest of the nation (see Figure 3).  Some adjustments of inputs are also made within these worksheets, and the resulting employment and labor force controls are compiled in “look-up tables,” which the model refers to for the appropriate inputs for a given scenario.  These sheets should be altered by the user only if he or she wishes to revise the existing data inputs or enter new inputs for scenarios beyond those delivered under this task.  Previous sections of this memorandum give a full discussion of model inputs and adjustments.  Instructions for updating model inputs, including a further discussion of input worksheets, are given below.


3. Iterations worksheets (sheets 1ST_TIER, 2ND TIER, 3RD TIER, etc.).  In these sheets the process of alternating row and column reconciliations is carried out to fifty iterations, divided into groups of four iterations per sheet.  These sheets contain only calculations internal to the model, and should not be altered by the user.


4. Macro worksheets (all sheets labeled Module).  These sheets contain code for Visual Basic macros which are necessary for the proper functioning of the model; they should not be altered by the user.


Instructions for Running the Fratar Model Workbook


As mentioned above, the Fratar Model Workbook must be run separately for each scenario and its outputs transferred to a second workbook (called the CTPP Adjustment Workbook) before the model is run again.  In the case of the all workers forecasting this second workbook is used to benchmark the outputs of the Fratar Model Workbook to historical CTPP data; instructions for this are given in the discussion of the CTPP Adjustment Workbook, below.


In order to make running the model easier, various tasks have been automated using Visual Basic macros which can be run from a special menu labeled JTW Model, located to the right of the File menu on the Menu Bar.  Whereas previous spreadsheet implementations of the Fratar model have required the user to manually type the desired scenario name into a given cell, copy model output to the clipboard, etc., in this version these tasks are done automatically using the macros.  In addition, the macros contain other important instructions which enable the model to find the appropriate inputs for a given scenario.  For this reason, the model should only be run using the JTW Model menu.  As noted above, the Fratar Model Workbook is capable of generating outputs for only one scenario at a time, and its outputs must thus be copied to another workbook before the model is resolved again for a different scenario.  


The Fratar Model Workbook is run as follows:


First use the menu to choose the desired year (and occupation if applicable).  The model will enter these selections automatically in cell D2 (and D1 for occupation) on the Output worksheet.  


Choose the Recalculate Model item from the menu.  When the workbook is finished recalculating, the selected scenario name (year as well as occupation for the occupation-specific forecasts) will appear in cell D3, labeled Active Scenario.  The Output matrix always reflects the scenario indicated in this cell.�  


To copy the model output, choose the Copy Output item from the menu, which automatically selects the output matrix range and copies it to the clipboard.


To paste the model output move to the destination workbook and choose Paste Output from the menu, which pastes an output matrix with model formulas converted to values and matrix formatting as it appears on the Output worksheet.


Instructions for Updating Model Inputs


As mentioned above, the model contains a number of special worksheets where inputs are entered and adjusted for use as matrix controls.  Model inputs include the following:


Journey-to-work base matrix


Employed labor force


Payroll employment


Regional net in/out-commute


Regional employment adjustment factors


Figure 3 presents the overall organization of the workbook’s input and adjustments worksheets, which are discussed individually below.


JTW_INPUTS.  On this sheet the journey-to-work base matrix (presented in Tables 1 and 2) is input.  Base year flows are entered at the top of the sheet; coefficients of interchange derived from these flows (presented in Tables 3 and 4) appear underneath.  In the occupation-specific workbook separate base-year matrices are included for each occupational group.  In the all workers workbook separate coefficients matrices are included for the year 1990 and for the years 1995 to 2020; coefficients for the latter years were adjusted for particular counties for better consistency with expected work trip trends based on a review by various government agencies.�  Users can adjust journey-to-work inputs either by updating the base year flows or by overriding the calculated coefficients.  If the latter approach is taken, it is important that each coefficient row adds to unity.


LF Work Area.  Employed labor force figures (see Tables 7 and 8) are input on this sheet.  This sheet also contains cells where work-at-home employment is calculated and deducted from total employed labor force, thus dividing the latter between work-at-home labor force (Tables 11 and 12), which is excluded from the trip forecasting, and trip-based labor force (Tables 9 and 10), which is included.  Employed, work-at-home, and trip-based labor force can be altered on this sheet.  


EMP & LF LOOK UP TABLES.  Trip-based labor force figures are carried onto this sheet from the sheet LF Work Area.  In addition, payroll employment figures (Tables 5 and 6) are input directly into this sheet.  Any modifications to the latter should be made here.


NET COM.  Regional net in/out commute figures are input on this sheet, where they are calculated as totals for each time period of subregional net commute by racial/ethnic group as forecasted in the labor force model.  On this sheet subregional forecasts may be altered or the regional sums may be overriden.


REG EMP CNTRL.(  Employment adjustment factors are input on this sheet.


ADJ LF & EMP.(  Adjustment factors are applied to payroll employment on this sheet.  Trip-based labor force figures are also carried to this sheet from the sheet EMP & LF LOOK UP TABLES.�  Labor force and employment controls are carried from this sheet to the first iteration of the Fratar Model.


CTPP-Adjustment Workbook


This workbook is used to compile the output matrices generated using the steps outlined above and, for the all workers forecasting, to generate new adjusted matrices benchmarked to the 1990 CTPP data set.  One workbook is used for the all workers forecast, and one each for the occupation-specific forecasts.  


The workbook is divided into four sets of sheets:


Fratar Workbook Output Matrices - labeled Journey-to-Work Flows 1990, 1995, etc.  One sheet for the base year and each forecast year from 1990 to 2020.


Base Matrix - labeled 1990 CTPP Flows.  Arrayed the same as the trip matrices above, based on the 1990 CTPP figures for all workers, or 1990 PUMS occupation-specific figures.


Increments Matrices - labeled Increment 1990-1995, 1990-2000, etc.  Matrices for each forecast year (1995 to 2020), arrayed the same as the trip matrices above, containing increments of change from the 1990 base year to the forecast year on a cell-by-cell basis for each origin-destination pair.


CTPP-Benchmarked Forecast Matrices - labeled JTW Flows 1995 CTPP Base, JTW Flows 2000 CTPP Base, etc.  A new set of trip matrices based on the cell-by-cell sum of the above two sets of matrices for each forecast year.





Instructions for Updating CTPP-Adjustment Workbook


The CTPP-Adjustment Workbook can be updated by substituting updated outputs of the Fratar Model Workbook for the Fratar Workbook Output Matrices sheets, described above.  The workbooks are designed to work together, so that Fratar Workbook outputs can be pasted directly over the existing values for a given forecast year following the instructions for running the Fratar Model Workbook, above.  Increments and CTPP-Benchmarked Forecast Matrices can then be recalculated automatically based on the new data.  Any changes to the 1990 CTPP benchmark year data should be made on the 1990 CTPP Flows worksheet.


7.  Work Products


All work products are delivered in Microsoft Excel v. 5 workbooks or Microsoft Word v. 6 word processing files.  File names and descriptions are given in the table below.


File Name(s)�
Description�
�
JTW_ALL.XLS�
Fratar Model Workbook for All Workers Scenario�
�
JTW_ADJ.XLS�
Workbook used for compilation and CTPP benchmarking of Fratar Model Workbook outputs.�
�
JTW_OCC.XLS�
Fratar Model Workbook for Occupation-specific forecasts.�
�
HWC_ADJ.XLS, LWC_ADJ.XLS, SVC_ADJ.XLS, BC_ADJ.XLS, OCC_ADJ.XLS�
Workbook used to compile Fratar Model Workbook outputs for, respectively, High White Collar, Low White Collar, Service, and Blue Collar workers, and for the total of occupation-specific outputs for each scenario.�
�
JTW_IN.XLS�
Compilation of base-year journey-to-work inputs (i.e., base-year trips and derived coefficients).�
�
LFIN_OC.XLS�
Compilation of labor force inputs and controls.�
�
EMPIN_OC.XLS�
Compilation of employment inputs and controls.�
�
TM_8-5.DOC�
Technical Memorandum text.�
�



� The New York Metro Region includes the following counties, by subregion:  New York City subregion:  Bronx, Kings, New York, Queens, Richmond Counties; Long Island subregion: Nassau & Suffolk Counties; Mid-Hudson subregion: Dutchess, Orange, Putnam, Rockland, Sullivan, Ulster, Westchester Counties; New Jersey subregion: Bergen, Essex, Hudson, Hunterdon, Mercer, Middlesex, Monmouth, Morris, Ocean, Passaic, Somerset, Sussex, Union, Warren Counties; Connecticut subregion: Fairfield, Litchfield, New Haven Counties.


� The matrix excludes persons whose primary place of work is their home.  These workers are, for obvious reasons, excluded from the forecasting of work trips.  For this study they have been forecasted separately and presented together with trip-based workers in the model output matrix.  (See discussion of work-at-home forecasting in section 4.)


� Based on a review of initial model outputs, the decision was made to make certain modifications to the base matrix for the forecast years 1995 to 2020.  These alterations were introduced in order to account for discrepancies between model outputs and independent forecasts of various transportation agencies and local governments.  The model workbook thus includes two base matrices, one for the year 1990 which is a direct reflection of the 1990 CTPP journey-to-work data, and another for 1995 to 2020 which is based largely on the CTPP data with modifications to certain county-level O-D pair coefficients (see Table 3).


� See footnote 3, above.


� As discussed above the employment and labor force controls used in the journey-to-work model represent annual average figures, whereas 1990 CTPP data represent travel behavior for the “census week,” i.e. the first week of April.


� If recalculation of the workbook is accidentally interrupted by the user, the active scenario indicated may come to differ from the output matrix.  If in doubt the user should recalculate the model.


� See footnote 3, above.





( These sheets are included in the Fratar Model Workbook for all workers only.  For the all workers forecasting these calculations were broken out on separate sheets to facilitate the updating of the employment adjustment factor with labor force and employment data from state DOL sources.  (See section 4, above, on adjustments to model inputs.) These data are not provided on an occupation-specific basis.   In the occupation-specific workbook final adjustments to the employment controls are carried out on the 1st Tier worksheet.


� Because the 1995 employment adjustment factor has been updated with recently released state DOL trip-based labor force figures are re-adjusted for consistency with the adjusted employment figures for this year only.  If adjustment factors for other years are updated in the future, the model is designed to automatically account for these changes.
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