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1.1
INTRODUCTION

The Transportation Models and Data Initiative project undertaken by the New York Metropolitan Transportation Council (NYMTC) has as one of its goals the development of a set of travel forecasting models for the NYMTC Region
.  A key model in this effort is the Employment Model.  This memorandum describes the development and structure of the Employment Model undertaken as Task 8.1 of the Transportation Models and Data Initiative.

The main purpose of the Employment Model is the generation of annual employment forecasts by industry for each of thirty-one counties in the Region.  The Employment Model is based on historical data, some of which were presented in Technical Memorandum 7.1: Employment Data Collection & Analysis.  Other data used in the model include national data provided by DRI/McGraw-Hill and economic data from the Regional Economic Information System (REIS) of the U.S. Bureau of Economic Analysis (BEA).  The model is composed of thirty-two sets of equations, comprised of approximately twenty-five equations each, with one set for every county and one set for the Region as a whole.  The equations were derived using ordinary least squares regression analysis, a common statistical process used in econometric modeling.  The data required by the model is discussed in further detail in Section 1.2, while the structure of the model and the methodology used to construct it are explained in Section 1.3.  A complete listing of all county equations that comprise the model appears in Appendix A.

The Employment Model is a critical part of the Transportation Models and Data Initiative project for several reasons.  As mentioned previously, the model generates annual industry-specific county-level employment forecasts that provide a basis for generating work trips in the journey-to-work forecasting process  (See Technical Memorandum 8.5 for a discussion of the Journey-to-Work Model.).  The output of the Employment Model also impacts the forecasting of future population and labor force in the Region.  This relationship is portrayed in the following flow chart, Figure 1. Forecasting Model Relationships.  Employment forecasts enter the Labor Force Model and set the level of demand for workers in each sub-region (See Technical Memorandum 8.4 for a discussion of the Labor 

Figure 1. Forecasting Model Relationships

Force Model).  In turn, the labor force forecasts enter the Population Model and  determine the necessary level of net in- or out-migration, in conjunction with the expected labor force participation of the resident population (See Technical Memorandum 8.2 for a discussion of the Population Model).  

It is important to clearly understand the differences between labor force and employment.  Labor force data indicate how many residents of a particular area have jobs or are unemployed, but provide no information on where the residents actually work.  Employment data, by contrast, supply information on the number of persons working in an area, regardless of where the workers may actually live.  Labor force forecasts tend to be driven by employment and labor force participation rates, whereas the employment forecasts are based on a range of economic variables that will be discussed below.

1.2
model variables

Because of the range of counties and industries that are involved, the Employment Model uses a significant number of both dependent and independent variables.  Many of the variables are similar, however, and can be grouped together for the purpose of explanation.  In the discussions that follow the following convention will be used for variable names: 


Index
refers to:


ii
industry mnemonic


ss
State mnemonic


ccc
County mnemonic

A complete listing of all abbreviations used in the model appears in Appendix B.

Dependent Variables

The dependent variables in the model are those that are to be forecasted.  Each dependent variable has a unique equation associated with it in the model.
  For all dependent variables there exist at most 25 years of historical data which are used to develop the equations (See Section 1.3 for details).  The dependent variables in the Employment Model are:

· Non-agricultural employment at the 1-digit SIC code level

· Proprietors employment

· Wage rates at the 1-digit SIC code level

· Personal income (including wages and salaries, proprietors income and other income).

· Unemployment rate

The main task of the Employment Model is to forecast future non-agricultural and proprietor employment levels for a measure of total employment by county to 2020.  The other dependent variables are forecasted because they contribute to the employment forecasting process.  The forecasts of aggregate wages, personal income, and the unemployment rate are utilized in other modeling processes of the Transportation and Data Initiative project, including the Labor Force Model (TM 8.4) and the Household Model (TM 8.3).  Non-agricultural and proprietor employment forecasts are presented in Technical Memorandum 8.8: Employment Forecasts, along with forecasts of aggregate and industry-specific wages.

Non-Agricultural Employment

Non-agricultural employment is derived from and consistent with the Series 790 Non-Agricultural Employment Data collected by the various state Departments of Labor (DOLs) in the Region. The historical data used in the model cover the period from 1970 to 1994 and are categorized by county and industry. The data are annual average figures calculated from information collected on a monthly basis. The data cover all payroll workers who do not work on farms or are not self-employed.  The actual data, along with a more extensive discussion, are presented in Technical Memorandum 7.1: Employment Data Collection & Analysis (Table 5, DOL Employment by County and Industry).

The variable names for non-agricultural employment have the form EMiissccc in the model.

Proprietors Employment

Proprietors employment, also called self-employment, represents proprietors and partners in non-limited partnerships.  The historical data are derived from the Regional Economic Information System (REIS) CD-ROM, produced by the U.S. Bureau of Economic Analysis (BEA), and cover the period 1970 to 1992.  The data represent annual averages of self employment at the county level.  The historical proprietors employment is presented in Technical Memorandum 7.1: Employment Data Collection & Analysis, as a component of “Table 6, BEA Employment by County and Industry,” and in the REIS CD-ROM as a component of “Table CA25, Employment by Major Industry.”

The variable for proprietors employment is named EBPRssccc in the model.

Wage Rates

Wage rates represent average annual earnings per worker by industry by county.  The historical data, which cover the period 1970 to 1992, come from the REIS CD-ROM (Table CA05, Personal Income & Industry Earnings).  It should be noted that the CD-ROM does not contain wage rate data per se.  The wage rates must be computed by dividing the total industry-specific earnings (including proprietor earnings) by the total industry-specific employment.  Both total earnings by industry and total employment by industry can be extracted from the CD-ROM.  It is also important to realize that the BEA employment figures and the DOL employment figures are not equivalent because of different counting methodologies, definitions of employment and data sources.

In the model, the wage rate variables have names of the form RWiissccc.

Personal Income

Aggregate personal income is forecasted because it often appears as an independent variable in the employment equations.  In the context of the Employment Model, total personal income is considered the sum of wages and salaries, self-employment income and other income.  Other income is composed of unearned income (interest, dividends, rent, etc.) transfer payments, residence adjustments, other labor income and a subtraction for social insurance payments.  The county-level historical data come from the REIS CD-ROM (Table CA05, Personal Income & Industry Earnings) and cover the period 1970 to 1992.

The various personal income variables have the following names in the model:


Total Personal Income:
YRPICssccc


Wage and Salary Income:
YWWSDssccc


Proprietor Income:
YWPPTssccc


Other Income:
YOTHssccc

Unemployment Rate

Countywide unemployment rates are also forecasted because they appear as independent variables in some of the employment forecasts.  The historical unemployment rates are derived from annual average labor force statistics of the state Departments of Labor (DOLs) in the Region, and are provided in Technical Memorandum 7.2: Labor Force Data Collection & Analysis (Table 8).  The historical data cover the period 1970 to 1994.

The unemployment rate variables have names of the form RUssccc.

Independent Variables

The Employment Model uses a number of exogenously supplied independent variables.  In addition, it is possible for a dependent variable from one equation to act as an independent variable in another.  For example, in the equations for forecasting employment, the employment of another industry sector, personal income or the unemployment rate may be used as an independent variable.  A subsequent discussion under Section 1.3, Employment Equations, will present a summary table identifying independent variables in each county’s equations and outlining similarities and differences in equations between counties.  

All data for national-level independent variables are supplied by DRI/McGraw-Hill, as are the inflation rate data of the exogenous regional variables.  These data cover the period 1970 to 2020.  Forecast data for the years 1995 to 2020 come from the services DRI/McGraw-Hill provides as a commercial vendor.  DRI/McGraw-Hill is a well-established econometric forecasting company providing economic data and forecasts to government and businesses.

DRI/McGraw-Hill U.S. Long Term Trend Forecast, August 1994

DRI’s trend scenario is the principal long range forecast or baseline scenario.  Unlike a cyclical or pessimistic scenario, it assumes that the U.S. economy suffers no major mishaps between 1995 and 2020.  In the absence of major disruptions, like oil price shocks or untoward swings in macroeconomic policy, the economy grows relatively smoothly along a less than full-employment path.  Between 1995 and 2000, real economic growth is expected to average 2.5% per year; between 2000 and 2005, real growth will taper off to 2.2% yearly as inflation increases, to 4% per annum.  By 2010, demographic forces will further slow the pace of real economic expansion, as the Gross Domestic Product advances 1.8% annually to 2010, followed by 1.5%-1.6% between 2010 and 2020.

Table 1.  Baseline Assumptions for National Variables in Employment Model:

DRI/McGraw-Hill Long Term Trend Forecast, August 1994

National Variable
Average Annual Growth Rates


1995-2000
2000-2005
2005-2010
2010-2015
2015-2020

Real GDP
2.5%
2.2%
1.8%
1.6%
1.5%

CPI
3.5%
4.0%
3.9%
3.8%
3.7%


1995-2000
2000-2005
2005-2010
2010-2015
2015-2020

Employment


  Mining
-1.3%
-1.6%
-1.4%
-1.5%
-2.0%

  Manufact’g
-1.5%
-1.4%
-1.8%
-2.1%
-2.8%

  Construct’n
1.3%
0.9%
0.2%
0.6%
0.4%

  TCU
0.7%
0.3%
0.0%
-0.4%
-0.8%

  Whl Trade
1.3%
0.9%
0.5%
0.2%
0.0%

  Rtl Trade
1.9%
1.4%
1.0%
0.4%
0.0%

  FIRE
1.2%
1.4%
1.0%
0.7%
0.4%

  Services
3.3%
2.5%
1.9%
1.7%
1.5%

  Govt
1.7%
1.3%
1.2%
0.9%
1.0%

Wage Rates


  Mining
2.8%
3.0%
3.1%
3.2%
3.1%

  Manufact’g
2.9%
3.4%
3.6%
3.5%
3.5%

  Construct’n
2.0%
2.6%
2.8%
2.7%
2.7%

  TCU
2.9%
3.4%
3.4%
3.3%
3.3%

  Whl Trade
2.9%
3.3%
3.3%
3.2%
3.2%

  Rtl Trade
3.1%
3.8%
4.0%
3.9%
3.8%

  FIRE
3.8%
3.8%
3.9%
3.7%
3.7%

  Services
3.4%


3.9%
3.9%
3.8%
3.9%

Population
0.9%
0.8%
0.8%
0.8%
0.8%


2000
2005
2010
2015
2020

Mortgage Rate
8.1%
8.1%
8.0%
7.9%
7.8%

T-Bill 3 Month
4.9%
4.8%
4.7%
4.5%
4.3%

Unemp Rate
6.1%
6.2%
6.3%
6.2%
5.9%

Source:  DRI/McGraw-Hill Corp., August 1994

In keeping with expected growth in output, employment expands more rapidly in the near term, 1995-2000, than in the successive five year growth periods.  The services sector is the most rapidly expanding employer in the national economy, advancing 3.3% between 1995 and 2000, but declining to 1.5% annually growth by 2015-2020.  In this last five year period, services comprise nearly the only source of employment growth in the national economy, with employment demands flat in trade and declining in manufacturing, mining, transportation, communications and public utilities.  Wage rate gains largely reflect inflation increases, with some industrial sectors registering real declines in earnings on an annual basis.  Both long and short term interest rates fall gradually through 2020, after rising minimally between 1995 and 2000.  Long term rates, represented by the mortgage rate, end the forecast period at 7.8% in 2020, compared to short term rates, represented by the 3-month Treasury Bill rate, at 4.3% by period end.  Population grows by less than one percent per annum.

DRI/McGraw-Hill forecast data of the trend scenario comprise the only exogenously supplied independent variables consisting of national data on a historical and forecast basis.  A description of the use and nomenclature for each data series is described below.  As previously noted, exogenously supplied independent variables consisting of local data are essentially twofold in character: (1) the historic time series of employment, proprietors, wage rates, personal income, population, unemployment and inflation by county, 1970 to 1994; and (2) the forecasted values of selected dependent variables, such as the employment of another industry in the same or neighboring county, personal income or the unemployment rate.  An exception to this characterization of local variables is the historic and forecasted values of the regional inflation rate or CPI.  Forecasted values for the regional CPI are given below, while the values of all historic and forecasted local variables used as exogenous inputs to the modeling process are provided in their respective technical memoranda.

Gross Domestic Product (GDP)

Historical and forecasted annual GDP data have been provided by DRI/McGraw-Hill in real (constant dollar) and nominal dollars on an annual rate of change basis.  The GDP growth rate variable is used in some employment equations, particularly for national market industries like manufacturing.  No equivalent regional variable is available.  The national output variable is named GDP.

Consumer Price Index (CPI)

Historical and forecasted annual CPI data have been provided by DRI/McGraw-Hill for both the nation and the New York-New Jersey Region.  The ratio of the regional CPI to the national CPI is often used in both the employment and wage rate equations as a measure of the relative cost of doing business in the Region.  

Table 2  Baseline Assumptions for Regional Variables in Employment Model:

DRI/McGraw-Hill Regional Forecast, August 1994

Regional Variable
Average Annual Growth Rates


1995-2000
2000-2005
2005-2010
2010-2015
2015-2020

CPIUNYNJ
3.2%
3.7%
3.8%
3.8%
3.7%

The regional CPI variable is called CPIUNYNJ, while the national variable is named CPI.  The relative cost of doing business is denoted by the variable CPIUNYNJ/CPI.  Note that neither variable has further indices for state, county or other levels of regional geography.  

National Employment by Industry

DRI/McGraw-Hill provided historical and forecasted annual employment data by industry for the nation.  National employment is used as a variable in equations of the Employment Model, appearing in many industry-specific employment equations, the wage rate equations and the unemployment rate equations. 

DRI/McGraw-Hill variable names use different industry abbreviations from those adopted for local employment variables and noted in Appendix B.  The following table lists the DRI/McGraw-Hill national employment variables:


EEA:
Total non-agricultural employment


EMI:
Mining employment


EC:
Construction employment


EM:
Manufacturing employment


ER:
Transportation, comm. & utility employment


ETW:
Wholesale trade employment


ETR:
Retail trade employment


EFIR:
Finance, insurance & real estate employment


ESV:
Service employment


EG:
Total government employment


EGF:
Federal government employment


EGSL:
State and local government employment

Average Hourly Earnings

DRI/McGraw-Hill provided both historical and forecasted industry-specific data on average earnings.  These data are the national equivalent to the county-level wage rate data in the model.  The ratio between the two is often used as a variable in the employment equations.  National data is also often used in the wage rate equations themselves.

The variable names for the national average earnings data are as follows:


AHEMINS:
Mining


AHECNS:
Construction


AHEMNS:
Manufacturing


AHERNS:
Transportation, comm. & utility


AHETWNS:
Wholesale trade


AHETRNS:
Retail trade


AHEFIRNS:
Finance, insurance & real estate


AHESVNS:
Services

Please note that there are no data for government earnings.

National Personal Income

The national equivalents of the personal income dependent variables were provided by DRI/McGraw-Hill.  The data include historical and forecasted national values for total personal income, wages and salaries, proprietors’ income and other income.  The personal income variables are included in the income equations where needed.  The variables appear in the model as follows:


Total Personal Income:
YP


Wage and Salary Income:
WSD


Proprietors’ Income:
YENTNFADJ


Other Income:
YOTH

Population

The historical county-level population data was provided by the U.S. Bureau of the Census and presented at the national and county level for the period 1970 to 1994 in Technical Memorandum 7.3: Population Data Collection & Analysis.  Preliminary county level population forecasts were provided by Regional Plan Association, from forecasts prepared for the New York State Department of Transportation (NYS DOT), for use in the Route 9A project analyses.  In preparing final employment projections, the preliminary county forecasts were later replaced by county level population projections of the Population Model (TM 8.2: Population Model, and TM 8.9: Population Forecasts).  

The national population was occasionally included in the model, typically as a denominator for use in measuring national percapita personal income.  Forecasted national population data were provided by DRI/McGraw-Hill and are shown in the following table in comparison with U.S. Bureau of the Census middle series projections.  As Table 3 shows, the two series are virtually equivalent, varying only by a fraction of one percentage point in any year.

Table 3. Comparison of DRI/McGraw-Hill National Population Projection with  U.S. Bureau of Census Projection (Middle Series)

National Variable
Population in Millions (January 1)




1995
2000
2005
2010
2015
2020

DRI/McGraw-Hill
263.6
275.6
287.1
298.9
311.2
323.5

U.S. Census
262.1
275.0
287.1
299.2
311.8
324.7

Source:  U.S. Bureau of the Census, Current Population Reports, P25-1104, November 1993

County-level population was also occasionally used as a variable in employment equations.  The ratio of county population to national population is represented as a variable in the equations for other income.

County population variables are named POPssccc.  The national population appears as N in the equations.

Mortgage Rate

Historical and forecasted mortgage rate data, provided by DRI/McGraw-Hill, is used in some of the equations projecting construction employment.

In the model, the variable associated with the mortgage rate is RMMTGENS.

Treasury Bill Interest Rate

Historical and forecasted 3-month treasury bill interest rates are occasionally used in the equations for forecasting employment in the Finance, Insurance, and Real Estate sector.  When compared to mortgage rates, the relationship expresses the differential between long term and short term costs of financing.

The treasury bill interest rate is represented by the variable RMGBS3NS in the model.

Moody’s AAA Corporate Rate

Historical and forecasted values of Moody’s AAA Corporate Rate bonds were provided by DRI/McGraw-Hill.  These rates are used in selected employment equations as a proxy for the cost of financing capital investments in manufacturing, transportation, communications and utilities, and other goods handling sectors of the economy.  

The corporate bond rate is called RMMBCAAANS.

National Unemployment Rate

The historical and forecasted data for the national unemployment rate were provided by DRI/McGraw-Hill.  The variable is sometimes used in the county-level unemployment rate equations.

The national unemployment rate is denoted by the variable RUC in the model.

1.3
model development and structure

General Description

The Employment Model constructed for Task 8.1 is a standard econometric model consisting of 753 equations in thirty-one county models.  Table 4 arrays the 753 county level equations by county and dependent variable name.  Appendix A provides a complete specification of each county equation listed in the order solved by county. 

Econometric modeling is a statistically-based technique that develops predictive mathematical models based on patterns and relationships in historical data.  Econometric modeling also requires that the modeler make a number of assumptions regarding the underlying structure of the model, particularly in terms of what variables are likely to be required.  Because of these assumptions and modeling processes, it should be noted that excessive reliance should not be placed on econometric equations.  The regression coefficients developed from historical data cannot precisely and adequately address the interrelationships between dependent and independent variables in future years.  To avoid any irregularity and/or unreasonableness in forecasts produced by econometric models, qualitative reviews are necessary.   

The econometric model developed for Task 8.1 is comprised of 753 equations that produce forecasts at the county level based on historical data.  Each dependent variable of interest at the county level (e.g., industrial employment in Bergen County) has a unique equation associated with it in the model.  Once the structure of each equation has been satisfactorily determined based on the relevant historical data, the equations can be used to generate forecasts for all of the dependent variables.  The historical data are used to determine the mathematical relationship between the historical independent variables and the historical dependent variable for each equation.  By assuming that this relationship will hold true into the future the equations can be used to forecast future values for the dependent variables based on forecasts of the necessary independent variables.  By its very nature, an econometric model cannot predict future conditions that have no basis in past trends, such as the outcome of disruptive natural forces, seismic changes in public policies and regulations, or major revolutions in technology.

A regional model of comparable structure was also developed to independently forecast the long term regional outlook in relation to the nation.  The regional model is used for informative purposes, however, not as a control on the sum of county level forecasts.  Table 5 compares the results of the regional model with the sum of the separate county level models.

Table 4.  Summary Table of County Level Equations by Dependent Variable Name, pg 1

Table 4.  Summary Table of County Level Equations by Dependent Variable Name, pg 2

Table 4.  Summary Table of County Level Equations by Dependent Variable Name, pg 3

Table 4.  Summary Table of County Level Equations by Dependent Variable Name, pg 4

Table 5.  Comparison of Regional and Sum of County Level Models

Dependent Variable
Regional Model Forecast, 1995-2020




1995
2000
2005
2010
2015
2020

Total Emplymt (000)
10,525.2
10,956.4
11,270.9
11,621.3
11,910.1
12,215.3

  Non-Ag Emplymt
8,943.5
9,073.1
9,191.2
9,367.4
9,494.2
9,636.3

  Proprietors
1,581.8
1,883.4
2,079.8
2,253.9
2,415.9
2,578.9

Population (000)
19,787.0
20,082.0
20,345.0
20,765.0
21,523.0
22,710.0

Unemploymt Rate (%)
6.4%
6.8%
7.0%
7.0%
7.0%
6.8%

Pers Income ($Bill)
$605.4
$769.4
$972.1
$1,234.5
$1,574.2
$2,034.2

  Wages & Salaries
$354.6
$439.7
$541.7
$680.0
$849.1
$1,064.0

Income Percapita ($)  
$30,593
$38,314
$47,783
$59,451
$73,142
$89,574


Sum of County Level Models, 1995-2020




1995
2000
2005
2010
2015
2020

Total Emplymt (000)
10,482.6
10,897.3
11,405.6
11,949.2
12,469.4
12,978.5

  Non-Ag Emplymt
8,899.0
9,198.2
9,590.4
10,006.9
10,383.1
10,743.2

  Proprietors
1,583.6
1,699.1
1,815.2
1,942.4
2,086.3
2,235.3

Population (000)
20,179.5
20,547.0
21,023.5
21,550.6
22,163.9
22,840.6

Unemploymt Rate (%)
6.9%
6.6%
6.5%
6.5%
6.3%
6.2%

Pers Income ($Bill)
$601.9
$772.7
$1,003.4
$1,307.4
$1,710.1
$2,252.3

  Wages & Salaries
$345.2
$432.2
$544.5
$696.0
$884.4
$1,121.2

Income Percapita ($)  
$29,826
$37,604
$47,728
$60,668
$77,157
$98,610

As Table 5 shows in employment terms, the regional model is somewhat more aggressive than the sum of county level models in the short term, to the year 2000, but less optimistic over the long term, from 2000 to 2020.  By 2020, non-agricultural payroll employment is 11 percent greater in the Region according to county level forecasts while proprietors are 13 percent fewer, for an overall difference of 6 percent in total employment or 763,200 jobs.  Earnings forecasts are more comparable with aggregate wage differences tracking within 3 percent to 2015 when county level forecasts begin to diverge more sharply from regional forecasts, ending at 5 percent above regional forecasts by 2020.   With higher levels of self employment in the regional forecast, percapita personal income exceeds the sum of county level forecasts in the short term, but dips below the county level forecast in the long term, with higher rates of unemployment among the population.  

Based upon an analysis of these differences, it was concluded that the true regional forecast for the NYMTC effort was the sum of county level forecasts for each dependent variable, unless otherwise noted.  It was determined to use this approach, rather than a regional equation control, because the county level equations depict a more disaggregated, and therefore more sensitive, relationship between variables.  This compensates, to some extent, for the aggregated level of industry-specific detail in the model.  A regional control model, on the other hand, suppresses much of the local variation and cannot, 

therefore, account for local differences in industry structure and the relationships of the counties to the nation or each other.

Each individual county model is a collection of approximately
 twenty-five simultaneous
 equations for predicting the various dependent variables of interest.  Figure 2 depicts the relationships between the dependent variable equations (endogenous) of each county and the exogenous national and regional variables.  Many of the thirty-one county models are mathematically independent of one another such that the results of many of the county models have no bearing on the results of the others.  The exceptions to this independence involve the employment and income equations for some of the suburban counties.  For example, in several suburban counties the employment and income equations have variables for New York City employment.  These relationships will be demonstrated in a subsequent table (see Model Structure). 

While some dependence between county models is allowed, it is restricted to dependence in one direction only.  For example, as mentioned above, the income and employment equations for some suburban counties were affected by employment in New York City.  However, the employment equations for New York City were not allowed to be affected by income and employment in those same suburban counties.  Without this simplifying restriction the thirty-one individual county models would have to be combined into larger models such that all of the counties that were dependent on others were grouped into the same large model.  Had the interactions between counties been allowed to be complex enough it is conceivable that all of the counties would have had to be grouped into a single model.  The number of equations would have remained roughly constant at 753 but the equations would have had a much higher degree of simultaneity because of the complex interactions between counties.  This would have made the Employment Model much more complex from a computational standpoint, though most likely still within the capability of a powerful desktop personal computer
.  Of more consequence, however, is the tremendous amount of work that would have been required to construct the individual equations.  The number of variables that would have to be considered for inclusion in each equation would 

Figure 2. Employment Model Flowchart

have been extremely large and it would have been extremely time consuming to determine which independent variables actually contributed to the model.

The process by which independent variables are chosen for the model is called ordinary least squares regression analysis.  Regression analysis is a standard statistical technique for determining the “best fit” equation for a set of data points.  In the case of the econometric model developed here, the data points are the historical values of the various dependent variables of interest.  The historical data can be thought of as being plotted on a graph with a horizontal time axis and a vertical axis of appropriate units (e.g. employment).  Regression analysis determines an equation that most closely approximates the curve defined by the plotted data points.  The candidate independent variables for the equation are chosen by the modeler based upon the relationships that are believed to exist in the data.  The regression analysis process identifies which of the candidate independent variables are contributing to the ‘goodness of fit” of the equation and which are not.  The modeler then adds and removes independent variables and repeats the regression analysis until satisfied with the fit of the equation.

For each equation a set of “rules” is developed concerning the coefficients for each independent variable.  The sign of the coefficient indicates whether the independent variable is positively or negatively associated with the dependent variable.  For example, in the employment equations it was decided that the term representing national employment in a given industry should have a positive coefficient if it appears in the equation for that industry.  The positive coefficient will cause an increase in county employment if there is an increase in national employment and a decrease if the national employment decreases.  While this may not always be true it does make more intuitive sense than allowing the county and national employment to move in opposite directions via a negative coefficient on the national employment.  It was also necessary to require the coefficients on some variables to be less than one to avoid instability problems in the model.  Variables in equations that are in natural logarithmic form are not allowed to have negative coefficients in order to avoid problems with inverse logarithms.  Independent variables whose coefficients fail to satisfy the necessary requirements are dropped from the model.

The contribution made by each independent variable to the “goodness of fit” is determined by a test of significance.  After each regression analysis is performed a value called the t-statistic is calculated for each independent variable.  The t-statistic indicates how statistically significant the variable is in terms of explaining the behavior of the dependent variable.  For the Employment Model it was decided that the t-statistics must be either greater than 1.0 or less than -1.0 and that they should be either greater than 1.6 or less than -1.6.

The fit of the equation can be judged in a number of ways.  The most obvious is to overlay a plot of the historical data with a plot of the equivalent data as determined by the equation.  By comparing the shapes of the two plots the modeler can get an overall visual impression of the fit and can identify years where the fit may need to be improved.  

In addition to examining the graph, the modeler can also look at the coefficient of determination (commonly referred to as the “R-square”) that is calculated during the regression analysis.  The R-square value is a quantitative measure of goodness of fit.  Its value lies between 0 and 1, with 1 indicating a perfect fit.  For the Employment Model the R-squared values for each equation were typically greater than 0.95.

The final evaluation technique that can be used involves examining the actual “errors” in the fit of the equation.  The difference between the actual value of a data point and the corresponding value calculated by the equation is called the residual.  The residuals represent variation in the dependent variable that is caused by some unidentified independent variable.  For the equations in the Employment Model the residuals were usually not allowed to be more than 5% of the corresponding historical value.

Once the “fit” of the equations is satisfactory they can be used for forecasting.  Future values for each of the independent variables in the model are entered and the model calculates the desired dependent variables.  In some cases, the dependent variable for one equation appears as a dependent variable in another equation, and vice versa.  These equations are solved simultaneously and in virtually all cases a unique solution for the two variables can be found.

Occasionally the forecasts produced by a county model are clearly unrealistic, being either too high or too low.  Typically, when very large changes, of say greater than 10%, occur in an annual forecast at the county level, such outcomes can be considered unrealistic.  In these cases the modeler must apply expert judgment in review of the model structure and input data, including historical series, to determine what is triggering the effect.  Checks will be made for instability in variable relationships, for data outlyers (extreme values), and for other factors.  Either some theoretically acceptable way must be found to modify the existing equations, such as expression in log-linear mode, or the model must be rebuilt.  If the problem exists with the employment equations it is often possible to include a constant adjustment factor that makes the forecast more reasonable.

It should be noted that some of the equations in the model make use of special independent variables called “dummies”.  Dummy variables are used to improve the fit of the equations when it is apparent that some unknown variable is having a major effect on the fit.  In some cases an unusually large residual would appear in one year and a dummy variable would be used to eliminate it.  Dummies used for this reason appear in the model as “DUMxx”, where xx corresponds to the year with the large residual (e.g. “79” for 1979).  These dummy variables are treated like independent variables that have a value of 1 for the year that corresponds to the variable name, and a value of 0 for all other years, past and future.  This has the effect of making the variable relevant only to that one specific year, when it helps to account for effects in that year that the other variables cannot explain.

The TREND variable is a special variable that is also used to improve the fit of some equations.  TREND is basically a variable that is incremented by 1 every period and can be useful when the data display a definite trend over time.

Some of the variables included in the model are “lagged,” i.e. they represent data for the same variable from a previous year.  Variables that represent lagged data are suffixed by “\x”, where x indicates the number of lagged time periods.  The following section on Model Structure presents a summary table identifying lagged variables among all independent variables in each county’s equations.  An example of a lagged variable can be seen in the equation for forecasting construction employment in Bergen County, NJ:

EMCONJBER= 12.4195 + 0.530077*emconjber\1 - 92.3686*RUNJBER
The term EMCONJBER\1 is a lagged variable that indicates that the county’s construction employment in any given year is based in part on the county’s construction employment in the previous year.  As the summary table will show, previous year industry-specific or county total employment is frequently used in most employment equations.

Model Structure

Each of the thirty-one county models that comprise the Employment Model uses the same basic underlying structure.  There are some variations to account for special situations (e.g. suburban counties whose employment is closely tied to employment in New York City) but, for the most part, the functional format of the equations is similar.  For ease in viewing the commonalties and differences in county equations, Table 6 is offered as a guide to the array of national, regional, local and other independent variables that can be included in an employment equation.  These exogenous variables are identified by county of use in summary tables by industry for all county level employment equations.  For practical purposes, the construction industry equation is shown in Table 7, with summary tables of all other industry equations contained in Appendix C.

Table 6.  Schematic of Independent Variables Used in Employment Equations, by Form of Expression

National Variables
Local Variables
Other Variables


Regional
Own County
Neighbor’g County


· Employment (level, chge)
· 
· Inflation (level, chge)
· Employment (lag, share)
· Employment (total,  or same industry)
· Year Dummies

· Wages    (level)
· Cost of Doing Business (relative)
· Wages (lag)



· GDP       (chge)

· Population (level, chge)

· Trend Dummies

· Financial Rates (level, chge)
· Population  (percapita)
· Income (share, chge)





· Unempl’t Rates



As Table 7 demonstrates for the employment equation of the construction industry, common industry equations can be differently treated for different counties.  Not all county equations utilize the national construction industry employment variable or national mortgage rate levels or changes.  Only a few equations relate county construction employment to national construction wages, and for four counties, construction employment is forecasted without relation to any national level independent variable.  The most frequently used exogenous local variable is the lagged expression of a county’s own construction employment, followed by the regional rate of inflation and the county rate of unemployment.  Dummies for selected years also play a strong role in construction equations.  Construction employment levels in some counties were better explained by including population and personal income variables, the latter being an example of using a dependent variable from one equation (personal income) as an independent variable in another equation.  The construction equation for the Bronx also illustrates the use a dependent employment variable of a neighboring county (Manhattan construction), while construction activity in the suburban counties are unrelated to New York City construction employment.

A comparison of the structure of county level construction employment equations, shown in Table 7, with that of other non-agricultural industries, shown in tables of Appendix C, reveals further commonalties and differences in the treatment of equations between counties and industries.  In general, export employment sectors like manufacturing and other goods handling activities (transportation, etc, wholesale trade) rely more heavily on national employment levels, while population serving or domestic activities (retail trade, finance, services) are more dependent on levels and changes in local exogenous variables.  With the exception of construction, short and long term interest rates play their strongest roles in financial services and retail trade.  Neighboring county, including New York City, variables are not used as independent predictors in any manufacturing,

Table 7.  Comparison of Independent Variables in Construction Employment Equation by County, pg 1
Table 7.  Comparison of Independent Variables in Construction Employment Equation by County, pg 2
Table 7.  Comparison of Independent Variables in Construction Employment Equation by County, pg 3
Table 7.  Comparison of Independent Variables in Construction Employment Equation by County, pg 4
Table 7.  Comparison of Independent Variables in Construction Employment Equation by County, pg 5
 wholesale trade, finance or government equations, while they are represented in retail trade and services.  Previous year employment of the forecasted industry remains the prime example of lagged variables in all equations, though prior year rates of change in personal income or unemployment rates are factors in population serving industries.

In addition to employment forecasts by industry, the county models are designed to generate annual forecasts for the following variables: the number of proprietors, wage rates by industry, personal income and its components, and the unemployment rate.  Each variable has a unique equation associated with it in each county model.  The general functional format for each equation is discussed below.

Employment Equations

The basic form of all the employment equations is:
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where i refers to the industry, s to the state and c to the county.  Other includes measures of regional demand or activity that may contribute to the equation.  Possibilities include:


Measure
Variable


Previous period’s employment:
EMiissccc\1


County unemployment rate:
RUssccc


Personal income:
YRPICssccc


Change in personal income:
(YRPICssccc - YRPICssccc\1)


Per capita income:
(YRPICssccc/POPssccc)


Change in per capita income:
(YRPICssccc/POPssccc) (YRPICssccc\1/POPssccc\1)


Mortgage rate:
RMMTGENS


Treasury bill interest rate:
RMGBS3NS

The ratios involving the wage rates and inflation must have negative coefficients.  The unemployment rate, if included, must also have a negative coefficient.  The previous period’s employment must have a positive coefficient that is less than 1 to avoid instability in the model.  The national employment, along with any income or population measures, must also have a positive coefficient.

The requirements for the coefficients reflect the positive and negative effects that various factors have on employment.  The sensitivity of each equation to the input variables is expressed by the value of the coefficients attached to each independent variable (see Appendix A. for the specification of each equation.)  Employment in an industry is affected positively by both the national demand in the industry sector (represented by national industry employment in the model) and the county demand for the industry’s products (as represented by a variable such as income).  Industry employment is negatively affected by factors such as the relative costs between the county and national economies.  The wage rate and CPI ratios represent the relative costs of doing business in the county.

The actual variables chosen for each equation depend on whether the associated industry is an export industry (e.g. manufacturing) or a domestic industry (e.g. services).  Export industries tend to be more strongly connected to national demand while domestic industries are more affected by county demand.  Some variables are also only associated with particular industries.  As examples, the mortgage rate appears in equations for construction employment , the difference between the mortgage rate and the treasury bill rate appears in some of the financial employment equations, and manufacturing and retail employment appear in some of the wholesale trade employment equations.  Also, as mentioned previously, the models for some suburban counties have variables for New York City employment in them.

Wage Rate Equations

The general format for the wage rate equations is:
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or, alternatively,
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where i refers to the industry, s to the state and c to the county.

The model assumes that the wage rate in an industry is positively associated with the national average wage for that industry (AHEi), regional prices relative to national prices (CPIUNYNJ/CPI), regional employment relative to national employment (EMiissccc/Ei) and, possibly, the previous period’s wage rate (Rwiissccc\1).  In order to incorporate these assumptions it is necessary to restrict the coefficients of all variables to positive values.  Furthermore, if the lagged wage rate variable is used it is necessary to restrict its coefficient to values less than 1 to avoid stability problems.

Unemployment Rate Equations

The county-level unemployment rate equations have the following basic form:
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where i refers to the industry, s to the state and c to the county.

The ratio between total nonagricultural employment in a county and total non-agricultural employment in the nation (EMTNssccc/EEA) must have a negative coefficient to reflect the negative effect that increased county share of national employment has on the unemployment rate.  The coefficients of the other two terms must be positive because of the positive association between county level and national unemployment rates and the positive effect of the prior period’s unemployment rate.

Income Equations

The equations for proprietors’ income are of the form:
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where i refers to the industry, s to the state and c to the county.

The log-log form of the equation is used to take into account the multiplicative nature of the relationship between the variables involved.
The coefficients for all variables must be positive.  Proprietors’ income is assumed to be positively related to national proprietors’ income (YENTNFADJ), the ratio of county to national employment (EMTNssccc/EEA), the number of proprietors in the county (EBssccc) and the proprietors’ income for the previous period (YWPPTssccc\1).

The equations for other personal income are of the form:
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where i refers to the industry, s to the state and c to the county.

Again, the log-log form of the equation is used because of the multiplicative nature of the relationship.
Other personal income is assumed to be positively related to national other personal income (YOTH), the ratio of county population to national population (POPssccc/N) and the other personal income of the previous period. Equations for some counties may also include employment variables from a neighboring county if a significant amount of the first county’s labor force works in the neighboring county.  This occurs in a number of the counties whose residents work in New York City.

Total wages and salaries for each county are calculated using the following formula:
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which simply multiplies the employment by industry times the wage rate by industry and then sums the result to the county total.

Total personal income (YRPICssccc) is simply the sum of the three types of income already discussed or,
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1.4
work products

The Employment Model was constructed using the EPS/PC (ver. 1.61C) software package from DRI/McGraw-Hill/McGraw-Hill.  EPS/PC is a PC-based version of DRI/McGraw-Hill’s proprietary EPS mainframe software designed to work on fully compatible IBM personal computers.     

The equation files for each of the thirty-one individual county models and the regional model are ASCII text files with the file extension .eqs and will be provided on a computer disk.  No guarantee can be made that the equation files will work with any other modeling software without extensive modification or translation.

The models themselves are also only valid with the DRI/McGraw-Hill national data that was used to construct them.  Using national forecasts from other sources as drivers in the Employment Model will result in inconsistent forecasts. 

The quantitative results of the Employment Model are not discussed here.  When finalized, the employment forecasts will be presented and analyzed in Technical Memorandum 8.8: Employment Forecasting and Analysis.

1.5
CONTACTS

DRI/McGraw-Hill products were purchased under agreement for data and subscription services from DRI/McGraw-Hill, a division of McGraw-Hill, Inc..

The regional account manager executing this agreement was:

Ms. Amy L. Gorin

24 Hartwell Avenue

Lexington, MA 02173

(781) 863-5100

One-Time Delivery of the following services included under this agreement were:

Long-Term U.S. Economic Service

EPS/PC Software

Tri-State Eocnomic Package

appendix b.  state, county and industry abbreviations

States:
CT= Connecticut 

NJ = New Jersey

NY = New York

Counties:
Connecticut


Fairfield:
FAI

Litchfield:
LIT

New Haven:
NEW

New Jersey


Bergen:
BER

Essex:
ESS

Hudson:
HUD

Hunterdon:
HUN

Mercer:
MER

Middlesex:
MID

Monmouth:
MON

Morris:
MOR

Ocean:
OCE

Passaic:
PAS

Somerset:
SOM

Sussex:
SUS

Union:
UNI

Warren:
WAR

New York


Bronx:
BRX

Kings:
KIN

New York (Manhattan):
MAN

Queens:
QUE

Richmond:
RIC

Nassau:
NAS

Suffolk:
SUF

Dutchess:
DUT

Orange:
ORA

Putnam:
PUT

Rockland:
ROC

Sullivan:
SUL

Ulster:
ULS

Westchester:
WES

Industries:
Industry
Urbanomics abbreviation
DRI/McGraw-Hill abbreviation

Total Non-Ag Employment
TN
EA

Mining
MI
MI

Construction
CO
C

Manufacturing
MN
M

Transportation. etc
TU
R

Wholesale Trade
WT
TW

Retail Trade
RT
TR

Finance, etc
FI
FIR

Services
SE
SV

Government
GO
G

Federal Govt.
n.a.
GF

State/Local Govt.
n.a.
GSL

appendix C.  COMPARISON OF INDEPENDENT VARIABLES IN INDUSTRY EMPLOYMENT EQUATIONS BY COUNTY

Construction (pages 23-27)

Manufacturing

Transportation etc

Wholesale Trade

Retail Trade

Finance, etc

Services

Government

� The NYMTC Region is composed of the following five subregions: 	New York City:  Bronx, Kings, New York, Queens and Richmond Counties; Long Island:  Nassau and Suffolk Counties; Mid-Hudson:  Dutchess, Orange, Putnam, Rockland, Sullivan, Ulster and Westchester Counties; New Jersey:  Bergen, Essex, Hudson, Hunterdon, Mercer, Middlesex, Monmouth, Morris, Ocean, Passaic, Somerset, Sussex, Union and Warren Counties; Connecticut: Fairfield, Litchfield and New Haven Counties.	


� With the exception of the employment variable for Mining in most counties and for Transportation\ Communications\Public Utilities in the Bronx, for which equations could not be developed because of zero employment or a virtually static historical relationship in employment statistics.


� The 1-digit Standard Industrial Classification (SIC) code industries are: Mining, Construction, Manufacturing, Transportation\Communications\Public Utilities, Wholesale Trade, Retail Trade, Finance\Insurance\ Real Estate, Services and Government. 


� With the exception of the unemployment rate for Suffolk County, which is named URNYSUF.


� For historic county data inputs see TM 7.1 (Employment Data Collection & Analysis), TM 7.2 (Labor Force Data Collection & Analysis), and TM 7.3 (Population Data Collection & Analysis).  For forecasted county data inputs see TM 8.4 (Labor Force Model) and TM 8.8 (Employment Forecasts).


� The actual number of equations used for each County varies based on local conditions.  For example, some counties have no Mining employment, so equations related to the Mining industry are excluded from the County’s model.


� Most of the equations within each county model are actually independent of one another.  In some cases, the wage rate and employment equations for particular industries are dependent on one another and therefore truly simultaneous.


� Each individual county model generated all of the forecasts required for the period 1995 to 2020 in just a few seconds on a 386-based PC.  Depending on the degree of complexity of a single large model, it may not be unreasonable to estimate a run-time on the order of minutes for each year on the same machine.  This would become a major problem when trying to “debug” the model since it would have to be run many times to track down all of the errors.


� Unfortunately, the t-statistics for each independent variable of the model’s 753 equations were not saved by the econometric software program.  Recovering them would entail a full re-estimation of the model and not considered a realistic undertaking in view of the eventual recalibration of the model.  An upgraded version of the EPS/PC software program will save all future t-statistics and the results of other evaluation tests.
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