Technical Memorandum No. 8.4�Labor Force Model


1.1  Introduction


Background


This memorandum describes the Labor Force Model developed as Task 8.4 of the Transportation Models and Data Initiative.  This initiative represents 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 Labor Force Model is used to forecast labor force trends, to the subregional level, on a five-year interval basis between 1995 and 2020.


At the outset it is important to distinguish labor force data from employment data.  Labor force data cover residents of an area regardless of whether they also work in that area, whereas employment data cover workers in an area regardless of whether they also live in the area.  Labor force forecasts are driven by expected growth in population, rates of labor force participation, and employment levels.  Employment forecasts, in contrast, are based on market-driven factors.  These include, at the regional level, relative competitiveness in terms of the ‘cost of doing business,’ productivity advantages, and local market consumption; and, at the national level, demand for output, productivity, interest and exchange rates, and inflation.  Employment forecasts were conducted in a separate model, which is described in Technical Memorandum 8.1.  


Within the process of regional transportation modeling, labor force forecasts are useful for two primary reasons.  First, the size and distribution of the labor force affect the number and pattern of journey-to-work trips, which account for a large proportion of all travel within the region.  Labor force forecasts are thus necessary as a control in the process of journey-to-work forecasting.  Second is the effect of labor force demand on population.  Unlike at the national level, where employment levels tend to follow population growth, at the regional level employment leads population, with the number of jobs establishing the demand for labor, which in turn affects population and migration.  A growing job base can be expected to attract workers to a region, and a declining job base will result in out-migration of local workers seeking employment elsewhere.  By matching the expected labor force supply to anticipated levels of employment, it is possible to account for these effects on migration.


In any forecast period, the Labor Force Model therefore produces two sets of outputs: first, the initial labor force estimate and, second, the net in- or out-migration level induced by a match between labor force supply and demand for employees.  Initial labor force estimates are generated, in any forecast year, based upon expected population from net natural increase and aging of the population, previous period rates of net migration, and forecasted rates of labor force participation.  Induced net in- or out-migration is calculated by comparing this resulting labor force supply with the expected levels of employment as forecasted in the Employment Model.  The Population Model described in Technical Memo 8.2, then, incorporates the change to initial net migration that results from this matching process, at each five-year interval.  (See Figure 1 and Section 1.3 on methodology, below.)


All outputs of the Labor Force Model are generated by sex and age-group for the population 16 years of age and over.  A separate model was run for each subregion; within each subregional model, sub-models generate outputs for each racial/ethnic group (non-Hispanic White, non-Hispanic Black, non-Hispanic Asian/Other, and Hispanic).�  Each model includes an historical section, covering the years 1970 through 1990, and a forecast section, covering the years 1995 through 2020.  All outputs are generated on a five-year interval basis.  In addition, the model is used to disaggregate historical Civilian Labor Force figures by age, sex and racial/ethnic group.  These figures are presented in Appendices A and B..


Reflecting the interactions, discussed above, between labor force supply, employment availability, and population, the Labor Force Model was developed in conjunction with other models.  It depends on the Population Model (Task 8.2) for inputs of forecasted population by sex, race/ethnicity and age, and on the Employment Model (Task 8.1) for inputs of forecasted non-agricultural employment and proprietors.  The Labor Force Model, in turn, controls the results of the Population Model and the Journey-to-Work Model at each five-year interval.  A separate forecasting routine disaggregates the subregional labor force forecasts to the county level; it is discussed in Technical Memo 8.5 which describes the Journey-to-Work Model.  The Labor Force Model utilizes the US Bureau of the Census civilian labor force concept and decennial data as the basis of the historical and forecasted resident labor force by racial/ethnic group.  Historical labor force data were collected specifically for this model and are presented in Technical Memorandum 7.2.


The Labor Force Model is delivered to NYMTC in Microsoft Excel version 5.0 workbooks which combine the Labor Force and Population Models.  These spreadsheet models will be utilized by NYMTC in periodic monitoring and reforecasting of labor force trends.


Overview


The section below includes a discussion of the various inputs to the Labor Force Model.  This is followed by a section describing the model itself and its outputs.  Finally, there is a description of the Task 8.4 work products. Labor force forecasting results and analysis will be presented by five-year interval in a separate memo under Task 8.11.


1.2  data inputs


The subregional Labor Force Model incorporates a number of independent variables as inputs at each five-year interval:


Population by racial/ethnic group, sex, and age-group.


Labor Force Participation Rate by racial/ethnic group, sex, and age-group.


Unemployment Rate by racial/ethnic group.


Net Commutation.


Employment levels, combining non-agricultural employees and proprietors.


Work-at-Home Employment.


Dual Job-Holding Rate (calculated within the model’s historical section and input in the model’s forecast section).





For the historical section of the model, most of these data were gathered under the various data collection tasks of Track 7.  Sources of these data are discussed in the Technical Memoranda for those tasks, which are referenced below as appropriate.  Where additional data collection was necessary specifically for the present task, a full discussion of sources is included below.  For the forecast section, some of the necessary inputs were derived from the outputs of other models; others are the official forecasts of government sources.  Where necessary, estimates were made for some inputs based on historical data.  


This section enumerates the various model inputs, gives their sources, and, where relevant, discusses the methodology for estimating inputs for forecast years.


As mentioned above, each subregional model incorporates submodels for every racial/ethnic group.  These sub-models are interdependent where necessary to aggregate racial/ethnic shares of overall employment, commutation, and work-at-home employment to subregional totals.  For the sake of clarity, this aggregation process is described together with the discussion of each input, below.  


Population


The Labor Force Model depends on the Population Model for inputs, at each five-year interval, of population by sex and age cohort for all persons 16 years and older, by racial/ethnic group.  The seven age cohorts are determined by their differences in labor force participation, as follows:


Age 16 - 19:  Teenage workers.


Age 20 - 24:  Recent high school and college graduates.


Age 25 - 34:  Young labor force.


Age 35 - 44:  Prime labor force.


Age 45 - 54:  Middle labor force.


Age 55 - 64:  Mature labor force.


Age 65+:  Retirement Ages.


Historical Population


Population data were collected from the decennial Census for the years 1970, 1980 and 1990.  In the 1980 Census, these data are reported already aggregated by the racial/ethnic groupings used in this study. For 1970 and 1990, the Census used other groupings, and adjustments were therefore necessary before incorporation into the model.  These are discussed in Technical Memo 7.3, which describes population data collection and analysis.


For the intercensal years 1975 and 1985 the Census Bureau publishes population estimates, but without the detailed break-downs by racial/ethnic group, sex, age, and geographic area required for the modeling process.  Therefore, for these years, figures were interpolated from the preceding and following decennial Census years.


Forecasted Population


At the start of each five-year forecast period, the Population Model generates an ‘open’ population estimate by racial/ethnic group, sex and age.  These estimates represent the sum of the prior period with natural increase and net migration reconciled to the employment demand for labor.  They are equivalent in the model structure to a historical census count or intercensal interpolation, and are used as population inputs to the Labor Force Model in forecast years.  A discussion of the population forecasting methodology appears in Technical Memo 8.2, and the forecasted figures are included in Technical Memo 8.9.  It should be noted that the Population Model depends, in turn, on outputs of the Labor Force Model, as discussed below in section 1.3 of this Memorandum.


Labor Force Participation Rates


Labor Force Participation Rate (LFPR) is defined as the percentage of all residents of a particular population group who are in the Civilian Labor Force (CLF), as expressed in the equation:  


		� EMBED Equation.2  ���


Civilian Labor Force includes both employed and unemployed workers, and excludes military personnel and all other residents who are not in the labor market.  Labor Force Participation Rates for the historical section of the model were calculated by age, sex, and racial/ethnic characteristics of the subregional population, based on Census data�.  Rates for the forecast section were benchmarked on national forecasts prepared by the US Bureau of Labor Statistics.


Historical Rates


Historical racial/ethnic Labor Force Participation Rates are provided for the five subregions in 1970, 1980 and 1990 by age and sex. Future rates for 1995 and 2020 were benchmarked on the differences between national and regional rates in 1990, whereas 1970 and 1980 rates did not influence the development of future rates.  Rates for 1990 are derived from the Census Bureau’s Census/Equal Employment Opportunity (EEO) Special File CD-ROM. Since the 1980 Census EEO file did not provide the same extensive labor force participation data by racial/ethnic, age/sex and geographic detail as did the 1990 Census EEO file, and the model’s need for such detail was less significant on a historical basis, both 1970 and 1980 rates were developed from decennial Census data published in the report Characteristics of the Population chapter B, “General Population Characteristics.”  These Census sources provide county-level CLF and/or LFPR data, with limited age-, race- and sex-specific figures depending on the Census year.  The historical Labor Force Participation Rates incorporated in the model disaggregate Census control totals where necessary to calculate age/sex specific rates by race/ethnicity.  Different adjustments were necessary for each year because of differences in Census data reporting by age and race/ethnicity.  These methodologies, however, all follow the same general pattern.  First, county-level Census control totals were used to aggregate subregional-level CLF and population figures for each racial/ethnic group, disaggregated by sex and age.  This can be expressed by the equations:


		� EMBED Equation.2  ���


		� EMBED Equation.2  ���


where s indicates subregion, c indicates county and i indicates age group.  Second, CLF figures were divided by the corresponding population figures to derive group-specific LFPRs:


		� EMBED Equation.2  ���





Data Limitations


The 1970 Census Characteristics of the Population includes age-specific, county-level LFPR data for three groups:  the Total population, Negroes, and (depending on the state) one of two Hispanic subgroups:  Persons of Puerto Rican Birth or Parentage for New York and New Jersey, and Persons of Spanish Language for Connecticut.  Differences in racial/ethnic group definitions between 1970 Census data and those used for this study were accounted for as follows:  1) the Census’s LFPR figures for Persons of Puerto Rican Birth or Parentage or Persons of Spanish Language were adopted, as appropriate for each state, for Hispanics as a whole, and used with the corresponding population figures to compute Hispanic LFPR; 2) the Census’s Negro figures were adopted for non-Hispanic Blacks and used with the corresponding population figures to compute Black LFPR; 3) since the 1970 Census provides no age-specific labor force data for Whites or Asians, CLF figures for the combined White and Asian population were inferred by excluding the Census’s data for Blacks and Hispanics from the data for the Total population for each age group.  These combined White/Asian figures were used with their corresponding population figures to compute White/Asian LFPR.  (See Appendix C for an example of the 1970 methodology.)  


In the 1980 Census, reporting of age- and race-specific labor force data is extremely limited at the county level.  On the one hand, CLF data broken down by racial/ethnic group include only sex-specific totals with no age breakdown; on the other hand, age-specific CLF data are reported only in aggregate for the total CLF, and even there only at a coarse level. Given these limitations, the approach taken for this year was to use both the race-specific CLF totals and the age-specific figures for the entire Civilian Labor Force to control initial age/sex-specific CLF estimates for each racial/ethnic group.  These initial estimates were made based on age/sex-specific Census population data and age/sex-specific LFPRs for major metropolitan areas or whole states in the New York Metropolitan Region. (See Appendix C for an example of the 1980 methodology.)


The 1990 Census/Equal Employment Opportunity (EEO) Special File CD-ROM includes detailed age- and sex-specific CLF figures aggregated by the racial/ethnic groups used in this study.  Only minor adjustments were necessary to account for differences in age-group reporting.


Forecast Rates


Labor Force Participation Rates for the forecast section were projected by benchmarking subregional rates in 1990 on US LFPR forecasts prepared by the Bureau of Labor Statistics’ Office of Employment, on a racial/ethnic basis by age and sex, for the years 1995 to 2005�. (See Appendix E.)  The forecasted Labor Force Participation Rates for Hispanics, Asians and Blacks were adjusted upward between 2010 and 2020 by factors ranging from 1.05 to 1.15 the multiple of the nationally-driven subregionally-benchmarked forecasts.  Thus, for the initial year of adjustment, 2010, each age/sex Labor Force Participation Rate was increased by 5%, based upon the analyst's judgment.   This adjustment was made after inspection of the national forecasts, which hold Labor Force Participation Rates constant after 2005, but which allow modest changes of the order adopted between 1990 and 2005.  In the analyst’s judgment, the increasing relative -- as well as absolute -- importance of minorities in the Region’s labor force beyond 2005 will likely encourage greater supply, just as the declining importance of earlier dominant sources of labor has correlated with reductions in their Labor Force Participation Rates.


Unemployment Rates


Unemployed persons are defined as those who are in the Civilian Labor Force but are not currently working; they are counted based on unemployment claims.  Unemployment figures do not include certain groups of persons who are not employed for a variety of reasons and are not considered part of the labor force, such as the disabled or the long-term unemployed who have stopped seeking work.  Unemployment rate is defined as the percentage of unemployed persons in the Civilian Labor Force:


		� EMBED Equation.2  ���


The Labor Force Model requires Unemployment Rate inputs at each interval for each racial/ethnic group as a whole; age- and sex-specific Unemployment Rates are not required.  (See Table 2 for historical and forecasted Unemployment Rates.)


Historical Section


Historical unemployment inputs are derived from a combination of US Census and state Department of Labor sources.  The Census provides county-level unemployment data by race and ethnicity for the years 1970, 1980 and 1990, although reporting is incomplete and reflects problems with racial/ethnic categorizations similar to those cited for Labor Force Participation Rates.  State DOLs provide unemployment data for intercensal years, but not by racial/ethnic group.  Technical Memorandum 7.2 contains a further discussion of these data sources. 


Census Years


For each of the Census years, subregional Unemployment Rates were derived from county-level data as the number of unemployed persons divided by the size of the CLF:


		� EMBED Equation.2  ���


where c denotes county-level figures and s denotes subregional-level figures.


Reporting by racial/ethnic group varied between the Census years, and was thus reconciled with the categories used in this study differently for each year.  The 1970 Census includes county-level unemployment figures for the population as a whole as well as for the racial group Negroes, and (depending on the state) one of two ethnic Hispanic subgroups:  Persons of Puerto Rican Birth or Parentage for New York and New Jersey, and Persons of Spanish Language for Connecticut.  Because no unemployment data were reported specifically for White or Asian/Other groups, a combined White/Asian Unemployment Rate was derived based on the residual unemployed and Civilian Labor Force figures (after Negro and Hispanic figures were excluded from totals).


The 1980 Census reports county-level unemployment and Civilian Labor Force figures for each of five racial categories (White, Black, American Indian, Asian and Pacific Islander, and Other) as well as for Hispanics, which can include persons of any race.    Census figures for Blacks and Hispanics were adopted directly for the corresponding categories non-Hispanic Black and Hispanics.  Census figures for Asian and Pacific Islander, American Indian, and Other were combined and adopted for the category non-Hispanic Asian/Other.  Census figures for Whites were adopted for the category non-Hispanic White after excluding double-counting in the Census due to the overlap of reporting for the Hispanic ethnic group and the various racial groups.


For 1990, unemployment figures aggregated by racial/ethnic group were adopted from the Census’ Social and Economic Characteristics report, with minor adjustments to account for double-counting of Hispanics.  Civilian Labor Force figures by mutually exclusive racial/ethnic group were adopted directly from the Census/Equal Opportunity (EEO) Special File CD-ROM disk.


Intercensal Years - 1975 and 1985


For the intercensal years 1975 and 1985, subregional Unemployment Rates specific to each racial/ethnic group were estimated based on state DOL data for those years.  Technical Memorandum 7.2 reports annual subregional Unemployment Rates for the Civilian Labor Force as a whole based on county-level DOL data.  These total subregional figures were adjusted by racial/ethnic group on the assumption that the ratio of the group-specific Unemployment Rate to that of the Civilian Labor Force as a whole would be the same as for the preceding Census year.  This can be expressed as the formula:


	� EMBED Equation.2  ���


where i refers to the intercensal year 1975 or 1985, c refers to the preceding Census year, r refers to a race-specific Unemployment Rate for the give year, and t refers to the Unemployment Rate for the Civilian Labor Force as a whole.


1995 Estimates


Unemployment rates for 1995 were estimated based on 1994 unemployment data.


Forecast Section


Given the difficulty of forecasting future unemployment trends, Unemployment Rates for all forecast years from 2000 to 2020 were held constant at the average of the rates for the same racial/ethnic group in the years from 1970 through 1995.


Net Commutation


Net Commutation figures are input into the Labor Force Model at each five-year interval as part of the subregional labor force-employment match.  They are calculated at the subregional level and are defined as the difference between the number of non-resident workers commuting into the subregion and the number of resident workers commuting out of the subregion.  Net Commutation levels are positive for New York City and negative for the other subregions, reflecting the continued importance of the Manhattan CBD as an employment center. (See Table 4 for historical and forecasted Net Commutation.)


Historical Section


For the Census years, historical Net Commutation levels for each subregion were developed with input from Census county-to-county Journey-to-Work flows, but will not always correspond to Census numbers because of several adjustments:  Census flow data reflect travel patterns of respondents during a spring week (April 1) of the decennial year.  The labor force model adjusts spring travel to reflect commutation between place of work and place of residence on an annual average basis.  The 1990 Journey-to-Work flows were adopted as given for this reconciliation;  the 1980 flow inputs reflect estimated adjustments to the Journey-to-Work data prepared by Regional Plan Association for the Metropolitan Transportation Authority in 1988. (A detailed discussion of these data sources is presented in Technical Memorandum 7.6.)  Depending upon the commutershed taken to capture work trip flows, gross-in commutation will differ for any destination subregion.  The 31 county catchment area was used for this purpose, as demonstrated for New York City with adjustments in 1980:





�
Gross-In Commutation�
Gross-Out Commutation�
Net Commutation�
�
14 New Jersey Counties�
198,527�
77,793�
--�
�
7 Mid-Hudson Counties�
143,330�
40,907�
--�
�
2 Long Island Counties�
240,252�
72,893�
--�
�
3 Connecticut Counties�
23,765�
4,978�
--�
�
Total�
605,874�
196,571�
409,303�
�



Within the Labor Force Model it was necessary to disaggregate total figures for incorporation into each racial/ethnic sub-model.  For the purpose of disaggregation it was assumed that Net Commutation levels are proportional to the racial/ethnic distribution of employed workers within the subregion, as described in the formula:


		� EMBED Equation.2  ���


where NETCOM indicates subregional Net Commutation, EMP indicates subregional resident employed workers, R indicates a given racial/ethnic group, and TOTAL indicates the total for all racial/ethnic groups.  For the intercensal years, Net Commutation levels were estimated based on the preceding and following Census years.


Forecast Section


Total Net Commutation levels were forecasted for each racial/ethnic group at every five-year interval and were assumed to reflect two factors:  first the number of employed workers in the group at the given time period; second historical ratios of Net Commuters to employed workers. Because of the difficulties of forecasting Net Commutation ratios by racial/ethnic group, the average historical ratio between Net Commuters and employed workers in Census years, a constant, was used for each racial/ethnic group.  This can be expressed as the equation:


		� EMBED Equation.2  ���


where i is the forecast year.  (See Table 3 for rates by subregion and racial/ethnic group.)  A deflation factor was applied for the year 1995 in order to account for the slump in New York City employment during this period.


Employment


The employment inputs reflect the number of available jobs in a given subregion at each five-year interval, and combine the amount of non-agricultural employment and the number of proprietors.  Non-agricultural employment includes jobs in nine major industry sectors:  Manufacturing; Mining; Construction; Transportation, Communications and Public Utilities; Wholesale Trade; Retail Trade; Finance, Insurance and Real Estate; Services; and Government.  Proprietors includes self-employed persons, partners in non-limited partnerships, and farm proprietors.  A further discussion of the definition of employment categories can be found in Technical Memo 7.1 on employment data and analysis.


Historical Section


The Labor Force Model incorporates employment figures for each five-year interval as reported in Technical Memo 7.1; the latter includes annual subregional totals for non-agricultural employment and proprietors based, respectively, on state Department of Labor (DOL) and federal Bureau of Economic Analysis (BEA) data.  Within the Labor Force Model it was necessary to disaggregate these figures for inclusion in each racial/ethnic sub-model.  For purposes of disaggregation it was assumed that the racial/ethnic distribution of employment is proportional to that of the supply of local commutation-adjusted workers within each subregion, which reflects their relative differences in unemployment.  This figure is generated in the supply-side of the Labor Force model for each racial/ethnic group based on the size of the labor force, Unemployment Rates, and net-commutation levels.  (See section 1.3.)


Forecast Section


For the forecast years, the Labor Force Model depends on the Employment Model for inputs of non-agricultural employment and proprietors.  The Employment Model generates annual subregional totals for each of these groups.  These totals are disaggregated by racial/ethnic group following the same methodology used for the historical years, described above.


Work-at-Home Employment


Levels of Work-at-Home employment were incorporated in the Labor Force Model since, for transportation modeling purposes, it is necessary to exclude workers who do not generate commuting trips.


Historical Section


For the Census years, historical total Work-at-Home levels for each subregion were derived from Census county-to-county journey-to-work data.  A detailed discussion of these data sources is presented in Technical Memorandum 7.6.  Within the Labor Force Model it was necessary to disaggregate these total figures for inclusion in each racial/ethnic sub-model.  For purposes of disaggregation it was assumed that Work-at-Home levels were proportional to the racial/ethnic distribution of resident employed within the subregion.  For the intercensal years, Net Commutation levels were estimated based on the preceding and following Census years.


Forecast Section


Work-at-home levels for the forecast years were estimated within the Labor Force Model by indexing the 1990 subregional totals to the forecasted number of proprietors by subregion.  These figures were disaggregated by racial/ethnic group using the same methodology as for the historical period, described above.  (See Table 5 for historical and forecasted Work-at-Home employment.)


Dual Job Rate


To account for workers holding two or more jobs within the jobs-labor force matching process in the forecast years, the Labor Force Model applies a Dual Job Rate for each racial/ethnic group at every five-year interval.  The Dual Job Rate is defined as the ratio of the number of jobs to the number of locally employed workers.  Because of the inadequacy of historical data, Dual Job Rates were generated in the model’s historical section for each subregion at every five year interval, as the quotient of the calculated number of jobs and number of locally employed workers.  The Dual Job Rate for all forecast years is defined as the average of the rates for all historical periods.  (See Table 6.)


1.3  Methodology


The methodology described below applies to the racial/ethnic sub-models incorporated into each regional model.  As mentioned above, each subregional model incorporates submodels for every racial/ethnic group.  These sub-models are interdependent where necessary to aggregate racial/ethnic shares of overall employment, Net Commutation, and Work-at-Home employment to subregional totals. For the sake of convenience, this aggregation process is describe in the above section on Data Inputs.  Thus, all figures discussed below are for individual racial/ethnic groups.


The methodology involves a three-step process.  First, an initial, unadjusted estimate is made of Civilian Labor Force, by age and sex and in total.  Second, this expected supply of laborers is matched against the expected demand for workers, input from the employment model, to determine if there is a surplus or deficit of workers.  Any such surplus or deficit is assumed to induce a net in- or out-migration of an equal number of workers.  Finally, this net migration figure is disaggregated by age/sex group and added to the initial CLF figures to yield an adjusted CLF for each group.  The disaggregated net migration also becomes an input to the Population Model, where it is factored up to population by application of the LFPR and used to adjust net migration levels forecasted within that model.  (See Figure 1.)


Unadjusted Civilian Labor Force Forecast


Unadjusted Civilian Labor Force is calculated separately for each age/sex group, based on the forecasted ‘open’ population and Labor Force Participation Rates for each time period.�  The CLF is simply the product of these two figures:


			� EMBED Equation.2  ���


where i represents the age/sex group.  The total Civilian Labor Force is the sum of these age/sex-specific Civilian Labor Force figures: 


			� EMBED Equation.2  ���


Labor Force-Employment Match


In the labor force-employment match, the forecasted labor supply is compared with demand, with any difference forming the basis of an induced in or out-migration of workers.  For purpose of this matching process, labor force supply is defined as Local Employment and demand is defined as Primary Jobs, which are calculated as follows.


Labor Force Supply - Local Employment


Local Employment is defined as equal to the total Civilian Labor Force after unemployed workers have been excluded and net in- or out-commuters have been accounted for; that is:


		� EMBED Equation.2  ���


where CLF is the total Civilian Labor Force carried from above, UNEMP is the total number of unemployed workers and NETCOM is the net number of commuters (a positive value if there is net in-commutation and a negative value if there is net out-commutation).  (See Table 7 for historical and forecasted Local Employment.)


Labor Force Demand - Primary Jobs


The number of Primary Jobs is calculated by first determining the level of Trip-Based Employment, which is equal to the sum of all non-agricultural employees and individual proprietors less the level of Work-at-Home employment (which does not generate regular commuting trips), as follows:


		� EMBED Equation.2  ��� 


The number of Primary Jobs is then calculated by excluding secondary jobs from the Trip-Based Employment; this is done by dividing Trip-Based Employment by the Dual Job Rate  (i.e. the ratio of all jobs to Primary Jobs):


		� EMBED Equation.2  ���


(See Table 8 for historical and forecasted Primary Jobs.)


Jobs-Labor Force Match


In the jobs-labor force match, a net in- or out-flow of workers is induced by comparing local employment with the forecasted number of primary jobs.  The level of net migration is calculated by subtracting the former from the latter,


		� EMBED Equation.2  ���


resulting in a positive figure if jobs exceed labor force (generating a net in-flow of workers) and a negative figure if there are insufficient jobs for local workers (generating a net out-flow of workers).


Disaggregation of Induced Net Migration by Age and Sex


Age-group allocation of induced in- or out-migration is based upon the age-group distribution of the initial overall net-migration for each racial/ethnic group -- before adjustment for the jobs-labor force match -- as determined by the Population Model. For the forecast period these initial net-migration figures are based on prior net migration levels and population growth for each interval.  In the historical period there is no induced net migration calculation since this dynamic is incorporated in the residual of population growth and natural increase by each age-group. (See Technical Memorandum 8.2 for a more detailed discussion of net migration modeling.)


Adjustment of Labor Force Net Migration to Population Net Migration


The migration of workers brings with it an additional migration of non-workers.  Thus, the labor force net-migration figures, discussed above, must be adjusted for this additional migration before incorporation into the Population Model. Total net-migration is calculated based on age/sex-specific figures for net-migration of workers and LFPR, following the equation:


		� EMBED Equation.2  ���


where T denotes total net migration, W denotes net-migration of workers, and i denotes age/sex group.  These age/sex-specific figures are incorporated as inputs into the Population Model.


Additional net in-migration of dependent children of adult workers was not included because of the lack of availability of historical data on which to base forecasts by race/ethnicity.


1.4 Work Products


The subregional labor force models are delivered to NYMTC in Microsoft Excel version 5.0 workbooks which combine the Labor Force and Population models.  Within each workbook, racial/ethnic submodels are included on separate worksheets.  Because of their numerous points of interaction, the population and labor force submodels for each group appear on the same worksheet.  The workbooks also include worksheets that summarize various model outputs.  It should be noted that Microsoft Excel v. 5 workbooks are constructed as three-dimensional matrices, including references within a given worksheet (two dimensions) and between different worksheets (the third dimension). Therefore, in order not to alter formulas with references between different worksheets, the order of worksheets within the workbook should not be changed.  Each subregional model is contained in a separate workbook.


Also included are tables summarizing various model inputs, and appendices containing illustrations of model methodologies, as well as historical Civilian Labor Force figures aggregated by estimated age and racial/ethnic groupings.  Summary and analysis of labor force forecasts are included in Technical Memorandum 8.11.


� 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.


� See Technical Memorandum 7.3 for a further discussion of racial/ethnic groupings used for this study.


� It should be noted that all population figures used in the calculation of Labor Force Participation Rates are based upon the Census Bureau’s STF data set, whereas the data described in the section above on population inputs rely on the Bureau’s Modified Age, Race, Sex (MARS) data set for 1980 and 1990.  The MARS data set incorporates adjustments to the STF data in order to improve allocation by racial/ethnic group and age.  However, since the Census’s labor force figures rely on unadjusted STF population data, STF data were used in the calculation of Labor Force Participation Rates for the sake of consistency.  A discussion of STF data for 1980 and 1990 appears in the appendix to Technical Memo 7.3.


�Howard Fullerton, Bureau of Labor Statistics, Office of Employment Projections.  The American Workforce: 1992-2005.  Historical and Projected Data For: Input-Output, Employment & Output, Labor Force.  Two disk data set, November, 1993.


� Definitions and sources of all data inputs are discussed in section 1.2.
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