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I. UOverview
The Metropolitan Area Planning Council (MAPC) has completed population and employment projections for 164 communities in the Boston area.  These projections are used in a wide variety of ways, ranging from estimating likely traffic and water impacts over time, to helping communities determine where and how to grow.  
As part of the MetroFuture initiative, MAPC is using the projections of its 101 communities to develop a picture of likely growth patterns in the region, if historical trends are extended.  This data will be used to develop alternative strategies for the region’s growth and development through the year 2030.
 PT The projections will also inform the FY2006 update of the Boston Region Metropolitan Planning Organization’s 25 year Transportation Plan, where future transportation improvements are identified.  
The Boston area regional transportation plan requires projections of population and employment totals to the year 2030.  The regional transportation model includes 164 communities in Eastern Massachusetts. Within each community, these projections need to be further broken down into Traffic Analysis Zones (TAZs), which are based on US Census block or block group geography.

We have used standard methodologies to make these projections.  For this base scenario of the region’s likely future, we have assumed that the future will be mostly like the recent past. Population growth is based on the state birth and death rates, by age-sex-race cohorts for the region, and on a community’s overall recent growth trends. Net population migration for the region is also based on the trend of 1990s. The employment trends are based on national growth projections by industry sector and on what proportion of this national growth might be captured by Eastern Massachusetts, as well as each community’s share of our recent growth.TP
PT
The projections have been improved through a public review period where the 101 municipalities, 6 adjoining RPAs and 2 collaborating agencies, Central Transportation Staff (CTPS) and the Executive Office of Transportation (EOT) were invited to comment.   

These projections have also been allocated to Traffic Analysis Zones (TAZs) within each community. Traffic Analysis Zones provide the regional transportation model with a finer level of detail for analyzing trips around the region and links land use patterns to growth projections for MetroFuture’s “base case” for the region. The allocation among TAZs in each community begins with the 2000 Census results for population along with year 2000 employment patterns developed by CTPS. Allocations of growth to each TAZ are based on historic land use trends and existing zoning within each community. 
Further details on these projection methodologies are presented in this document.

II. UBaseline Projection Methods
A geographic two-stage approach is taken for these projections.  Regional totals are developed first and then these totals are allocated to the municipal level. Under this approach, our region as a whole is viewed as an independent socioeconomic area which responds to long-term national socioeconomic changes. Regional population projections are based on the demographic characteristics of each age-sex-race specific cohort of the region. Regional employment projections are based on both national economic structural change and region-specific characteristics.  These regional projections are then allocated into each municipality reflecting the trend of each municipality’s growth characteristics in the region
Population 
Data 

The following statistical information was used for the population projections: 1) state, regional, and community population by age, sex, and race groups, from 1985 and 2000 from the U.S. Bureau of the Census as modified by Massachusetts Department of Public Health with bridged race categories; 2) state-level annual births and deaths from 1989 to 2001 from the Massachusetts Department of Public Health to calculate natural increase; 3) state-level birth rates for age, race and the sex of the child from the Massachusetts Department of Public Health to project births; 4) state-level age-sex-race-specific death rates for Massachusetts in the form of a life table from the U.S. Bureau of the Census.  Due to lack of migration data by cohort, the net migration rate is indirectly estimated by comparing the projected natural change from 1990 to 2000 and the actual population of 2000. This net migration method is discussed below.
Natural Change: Birth and Death Rate
The population is broken down into (1) 18 age cohorts from 0-4 to 85 and over, (2) by sex and (3) four race categories: Hispanic, non-Hispanic white, non-Hispanic black and other. Natural change for each cohort is calculated by taking the population by age-sex-race group at a starting point, multiplying the age-sex-race groups by age group-specific survival rates, and adding in surviving newly born children.  

Birth rates by age and race of mother and sex of child are calculated by taking the number of births by age and race of mother and sex of child for years from 1999, 2000, 2001.T
PT  Births are averaged over three years and then divided by the number of women in the mothers’ age-race group.  The one-year birth rate created by this calculation is multiplied by five to create five-year birth rates. Births in the new 0-4 age cohorts were calculated by the specific birth rates by age-race of mother and sex of child and then multiplying those rates by the corresponding estimated female age-race group populations.

Each cohort (including the newborn 0-4 group) was then multiplied by the age-sex-race specific survival rate calculated for Massachusetts.  The result of this calculation will give an estimate of how many individuals from each age group will have survived.
Net Migration

Historical net migration is calculated by subtracting the expected population in an end point period from the actual population reported by the US Census.  The expected population is calculated by using only the natural increase method discussed above.  For these projections, natural increase was calculated for the 164-community region from 1990 to 2000.TP
PT  The result of this calculation would be considered the expected population in 2000.  The expected population is subtracted from the actual population reported by the US Census in 2000 to determine the difference between the two figures. The difference or net migration represents the population that either moved in (net positive migration) or out (net negative migration) of the community over the past 10 years. 

Using the above absolute migration calculations for each cohort, the migration rate of each age-sex-race cohort is calculated by dividing the net number of people that migrated in each cohort by the average number of individuals that existed in that cohort in 1990 and 2000.TP
PT
Regional Population Projection
Population projections for the region (164 communities) as a whole were created through use of the Cohort-Migration-Survival method by age, sex and race group as discussed earlier.  This establishes consistency between past decade-by-decade population and age group fluctuations, and ties levels of expected natural increase to estimated net migration as a remainder.  These relationships are then projected (continued) into the future. A diagram depicting the population projection method is included on page 4.
For example, year 2010 for the 164-community region was calculated by using the US Census 2000 population as a starting point. Natural increase from 2000 to 2010 was calculated for the region using state-level age-sex-race specific birth and survival rates. The net migration result, which is derived by multiplying the migration rate by the number of people in each age group that survived from the starting period, is then added or subtracted to the surviving population in each age group. 
For a numerical example, if 100 people existed in an age-sex-race group in the starting period of 2000 and 90 survived to the period of 2010, and there was a migration rate of +10% or 9 people, then the 2010 ending population would be 99. This natural increase and net migration method was repeated every ten years until 2030.
The regional projection for each decade is then allocated into each community.
Municipal Level Population Projections

Each community has a historical proportion of the region’s population. The trend in each municipality’s share of the population was calculated from 1970 to 2000 by decade. From these municipal share trends, we then statistically estimate a logarithmic curve that best fits the historical trend for the share of each municipality. This estimated curve is then used to project each municipality’s share in the future. 
The municipal level projections are a hybrid approach based on (1) age-sex-race cohort specific share of the region and (2) municipal total population share of the region. The former approach helps us to understand the change of cohort composition of each municipality and the latter approach helps us to estimate the overall population trend of each municipality.
First, we applied the same population projection method, which is used for the regional projection, onto each municipality to see the solely demographic-change based projection. Then, we adjusted the first step projection outcome with the total population trend estimated from the second approach.
As a consequence, we generated each municipality’s population projection by age cohort based on each community’s trend in the share of the projected regional cohort.
Population Projections Method
Demographic Changes and Geographic Variation
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Employment 
Recently, our economy has experienced dramatic economic changes, such as declining manufacturing jobs, increasing professional and service jobs, and the changing nature of work. The position of our region relative to our nation’s economy is also changing. To address these issues in our long-term projection, we chose the region as an independent economic entity and traced the projected national structural change and our region’s share of the national economy.
Data 

The following statistical information was used for the employment projections: 1) Historical sectoral employment trends of the region from the U.S. Bureau of Labor Statistics Current Employment Statistics (CES); 2) Historical Town Level employment totals from ES202 Massachusetts Department of Employment and Training; 3) Town Level year 2000 employment by sector from Central Transportation Planning Staff supplemental survey for the ES202 data.(See appendix for the overview of supplemental Survey.)
Regional Employment Projection
Employment projections have been calculated using an econometric projection method.  Total regional employment has been projected by tracing the region’s share of national employment.  In addition to the region’s total employment figures, projections also trace the industry sector compositions for 10 super sector industry categories.  These include the following: Natural Resources, Mining, and Construction; Manufacturing; Trade, Transportation and Utilities; Information; Financial Activities; Professional and Business Services; Education and Health Services; Leisure and Hospitality; Other Services; and Government.TP
PT 

Regional projections, by sector, are based on projected national trends, and the eastern Massachusetts historical share of this national growth. To project Massachusetts economic area trends with regression analysis, MAPC used Bureau of Labor Statistics (BLS) data from the Current Employment Statistics (CES) data series.TP
PT The CES survey collects data from approximately 160,000 businesses and government agencies, representing 400,000 individual worksites on a monthly basis to obtain industry employment, hours and earnings on all non-farm payrolls. 

To project national overall employment and national industry sector compositions, MAPC used aggregate annual data from 1982 to 2004 to create a 22-year regression period. The 22-year regression period was chosen to capture long-term national employment trends appropriate for projections to 2030. 1982 was chosen as an initial data point as it marks the end of a recession period in the early 1980’s.    

BLS data were also collected for areas known as New England City and Town Area (NECTA) districts. These are equivalent to Metropolitan Statistic Areas (MSA) in other areas of the country. A regression line based on the historical share of sector employment within our NECTAs is then used to project our future regional share of the national growth, by sector.  In aggregate, these regional sector projections become our regional total employment.
	Percentage share of National Employment:

Boston-Cambridge-Quincy, MA-NH Metropolitan NECTA
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	The above graph illustrates an example of the regression line projecting change in percentage share of the regional economic area. To see additional percentage share regression graphs, see the appendix. 


Municipal Level Employment Projections

Each community has a historical proportion of the region’s employment. The trend in each municipality’s share of the regional employment was calculated from 1970, 1980, 1990, and 2000 by decade. From these trends of municipal share, we then statistically estimate a logarithmic curve that best fits the historical trend for the share of each municipality. This estimated curve is then used to project each municipality’s share in the future. 

The Municipal level projections are a hybrid approach based on (1) sector specific share of the region and (2) municipal total employment share of the region. The former approach helps us to project the change of industrial composition of each municipality and the latter approach helps us to replicate the overall employment trend of each municipality.

Using the estimated curve, we projected municipal shares of the region. Then we allocated the total employment into each community by using these municipal specific trends in the share of the regions total. Finally, trends in regional sector shares for each community were applied to the year 2000 industry sector composition within each community to project employment by sector for each community to 2030.

Using this two step method, future employment growth in a community is largely determined by past growth. But communities with a high mix of what are expected to be high growth sectors will also be projected to have a larger percentage of these jobs in the future. 
Employment Projection Method
Structural Changes and Geographic Variation
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III. UTransportation Analysis Zone Allocation

The Regional Transportation Plan and associated regional transportation model requires population and employment totals to be allocated to areas called Traffic Analysis Zones, (or TAZs), which are generally larger than neighborhood blocks but smaller than census tracts.  New traffic analysis zones have recently been developed by CTPS, in part to better reflect the impacts of land use changes on transportation choices. By replacing the former 986 zone system with 2727 new zones, still covering the same 164 communities, we can now more precisely estimate future growth in specific areas within a community.
MAPC prepared a land use model for the region based on past trends and allocated community-wide population and employment totals into TAZs according to the results of this land use model.  Based on population, housing units, employment, and land use trends since 1971, the model was used to project population and employment for each TAZ independent from the Population and Employment Projections.  In the final step of the process, TAZ population and employment figures generated by the land use model are scaled up or down to equal the community-wide projections, so that the absolute number of people and jobs in each community is determined by the method described in Section II of this report, while the allocation of that growth is determined by the land use model.
There are three drivers for population and employment growth in the TAZ model: Greenfield development (conversion of existing undeveloped land to developed uses); densification (a product of redevelopment and trends to higher density development); and community comments (TAZ-specific comments from community representatives about significant future developments in the planning stages.)

Data

The following data were used for the land use model: 1) MassGIS land use series from the McConnell land use photo interpretation and automation of 21 land use categories in 1971, 1985, and 1999; 2) Developable Lands Inventory from the Massachusetts Executive of Office of Environmental Affairs (EOEA) buildout analysis; 3) Massachusetts Municipal Boundaries; 4) Traffic Analysis Zones from the Central Transportation Planning Staff (CTPS); 5) Protected Open Space from MASSGIS; 6) Massachusetts Wetlands from MASSGIS; 7) Generalized Zoning from EOEA buildout analysis; 8) Year 2000 employment, household, and population figures for each TAZ from CTPS; 9) Housing Units and Population from the 1970, 1980, 1990, and 2000 U.S. Censuses; and 10) 1985 town-wide employment data.  
Residential Development
We initially assume that the undeveloped land will be converted to residential uses (“greenfield development”) at the same rate as in the historical period 1971-1999.  This time period was chosen in large part because it comprises the span of years that the McConnell land use data are available as well as at least two of the Boston region’s economic and building cycles.  Each TAZ is assigned a land consumption rate (expressed in terms of new residential acres per decade) based on the amount of undeveloped land converted to residential uses in that TAZ during the period 1971 – 1999.TP
PT   The future number of housing units built on that acreage is determined by the current underlying zoning, with deductions for unbuildable areas, roadways, and lot yield inefficiencies, discussed in more detail below.  

Remaining buildable land (acres) within each TAZ is based on Applied Geographics analysis of 1999 land uses within remaining developable land based on EOEA’s analysis of buildout.TP
PT All wetlands areas (based on MassGIS 1:12,000 wetlands polygons, interpreted from 1:5,000 aerial orthophotography) are subtracted from buildable totals.  Remaining buildable land is discounted by 10% at the outset of the first time period to account for additional unbuildable areas.  The resulting number of acres is the TAZ Capacity for greenfield development.  The Buildout Factor of each TAZ is also calculated by dividing the developed land area by the total of the developed land area and buildable land area (urban areas have buildout factors approaching 1.00; rural areas have very low buildout factors.)  
For the residential analysis, allowable density of future development (units per acre) is determined by the minimum lot area of the zoning districts that underlie buildable land.  Where multiple zoning districts exist within a TAZ, allowable density is based on a weighted average of the applicable minimum lot areas.TP
PT  This average zoning density is discounted by 20% to account for roadways, odd lot areas, and site constraints (slowly permeable soils, etc) to create a net housing unit yield rate (housing units/acre.)  
The number of new “greenfield” housing units in each decade is determined by multiplying the land consumption rate (acres/decade) by the development yield rate (units/acre.)  If the land consumption rate is greater than the TAZ Capacity at the outset of the decade, then the development yield rate is multiplied by the TAZ capacity, as buildable land will be exhausted before the end of the decade.  
Redevelopment is a major component of housing unit growth in urban areas.  However, this type of change in land use or densification of existing land use is not captured by the photo-interpreted land use data.  The land use model seeks to account for increasing densities in developed areas through a densification factor, which represents the (community-wide) increase in housing units per acre of developed land for the period 1971-1999.  This factor (expressed as a percentage increase in units/developed acre/decade) was multiplied by the total number of developed acres and the square of the Buildout Factor, to yield an estimate of new housing units that will be created as a result of redevelopment and densification.   
Greenfield Units and Redevelopment Units are added together in a preliminary total and the percentage of each is calculated.  

The model incorporates community comments about the location and size of significant new developments which exceed the amount of development that would be expected based on current zoning or past trends.  Some comments indicated the actual number of units expected; others simply indicated TAZs that are expected to experience above-average growth.  In the latter case, we estimated that the additional increment of new housing would equal 5% of the projected housing unit demand for that community (from population projections.)  
The initial number of new housing units projected for each TAZ is the sum of the greenfield development, densification, and community comment units.  However, the sum of these TAZ totals for a community may be more or less than the projected housing unit demand.  As a result, the number of housing units is scaled to meet the projected housing unit demand.  The Scale Factor is calculated as follows: (projected housing unit demand – community comment units)/(Greenfield Units + Redevelopment Units.)   The scale factor is then applied to the preliminary total of Greenfield and Redevelopment units housing units for each TAZ, and the community comment units are added to yield Adjusted New Housing Units.  This way, the number of housing units in the community can be scaled without disrupting the patterns indicated by community comments.  
The number of Adjusted New Housing Units is multiplied by the percentage of greenfield units in the preliminary total to yield adjusted greenfield units, up to 80% of the capacity of the TAZ for that decade.  This number is divided by the housing unit yield (units/acre) to calculate the adjusted residential land consumption.  The number of units attributable to densification is calculated by subtracting the adjusted greenfield units from adjusted new units.  
Total housing units and residential land are calculated by adding new units and acres to the previous decade’s total.  A new housing unit density is calculated based on total units and total developed land.  
Employment 

Employment projections in the land use model are based on growth in commercial and industrial land and estimates of job density (employees per acre of commercial and industrial land.)  Densification of jobs/redevelopment is accommodated as an increase in job density over time.  Economic development is limited to those areas within each TAZ which are in commercial or industrial zoning districts, but the allowable density within those zoning districts is not a constraint on development within the model.  
The land consumption rate for commercial and economic development is based on the period 1985-1999.  This is also the time period for the employment densification factor, which is expressed in terms of additional employees per acre of commercial/industrial/urban open land per decade.  The densification factor is calculated on a community-wide basis, but initial job density is calculated for each TAZ based on 1999 employment and land use.  The densification factor is then added to the job density for the previous decade, yielding a steadily increasing job density for each TAZ.  
Similar to the residential analysis, vacant, developable, commercially zoned land within each TAZ was identified and discounted by 10% to yield the TAZ capacity.  In each decade, commercial/industrial land was added according to the land consumption rate until the TAZ capacity was exhausted.  Once the amount of commercial/industrial land was calculated, an initial estimate of employment was based on the job density for that decade, which equals the previous decade’s job density (for that TAZ) plus the densification factor (for the community.)  

The allocation of employment to three sectors (basic, retail, service) was based on the previous decade’s distribution of jobs within each TAZ, scaled to meet the employment projections for the town.  Within each TAZ, the initial estimate of employment was multiplied by the percent of jobs in each sector for the previous decade to yield an initial estimate of jobs for each sector.  These sectoral estimates were summed across all TAZs in the community and compared to the projected employment in that sector for the community.  The resulting scale factor was applied to the initial estimates for each sector to yield a job distribution that was faithful to the land use trends while also not at odds with the employment projections.  Because of this scaling, however, total employment for each TAZ often shifted slightly; sectoral totals were added to create an adjusted employment total for each TAZ (which summed to the community total employment.)  
The adjusted employment total for each TAZ was divided by the job density for that TAZ to yield an adjusted total of commercial/industrial land for the TAZ.  Where the number of jobs decreased in a TAZ (generally due to sectoral shifts), the amount of commercial and industrial land was not reduced but held constant.   Projections for the subsequent decade begin with a comparison of TAZ capacity and the land consumption rate, and then move forward as described above.  
IV. UReview Process
Community Review
The baseline population and employment projections, and the Traffic Analysis Zones (TAZ) maps were sent out to the Town Managers, Mayors, Chair of the Board of Selectmen, Chair of the Planning Board, and the Town Planner of MAPC’s 101 municipalities. For the 63 communities outside of MAPC the projections were sent to the appropriate regional planning agency (RPA) for comment. Communities and RPAs were asked to comment on the following:

1. Are MAPC’s estimates for your community’s future population and employment reasonable?  Are there other trends in your community that are not reflected in the historical trends we have been using? 

2. These projections are based on the assumption that your community’s future will be much like its recent past.  Do you see your community growing that way, or are things likely to change based upon the information you have about likely development and local policies?  Any information you can provide us about where growth has occurred since the year 2000, and where you expect it in the future, would be very helpful.

3. To develop the Regional Transportation Plan, we are required to estimate population and employment totals, through the year 2030, for areas called Traffic Analysis Zones, (or TAZs), which are generally slightly larger than a neighborhood block.  Please use the enclosed maps showing the TAZs in your community to answer: In which TAZs do you expect an increase or decrease in population, employment, or both by 2030?

Community comment packages also included the dates and times of eight public meetings, where community members could hear a presentation on the projections, ask questions and offer comments in person. In preparation for these meetings electronic copies were sent to all MAPC members in the eight subregions. In addition MAPC staff members were available for one-on-one conversations with individual communities by request.
MAPC received comments from 78 communities. This is a higher response rate then the last round of projections in 2003, when only 50 communities responded. The majority of municipal comments cited one time occurrences in their communities that would not show up in the historic trends method that we used, such as large dense 40B housing developments, or large new plots of land that were recently made available for development, like state hospital land. Municipal totals were adjusted based on community comments, lists of new developments provided by communities, 40B projects provided by Department of Housing and Community Development (DHCD), or U.S. Census building permit information since 2000. 
These adjusted projections were sent back to communities for their final review. We also targeted communities with additional outreach who did not comment the first round. The second round of community comments resulted in information from ten additional communities; bring the total number of communities who have reviewed and commented on the projections to 88.
For the 63 municipalities outside of the MAPC region, MAPC relied on comments from corresponding regional planning agencies and 40B development lists from DHCD. Five out of the six regional planning agencies gave us comments. When an RPA cited large disparities
PT between our projections and expected growth based on their own historic projections, we would take into account their numbers. In cases where we received no specific comments about community population, consistent with the method applied to the 101 MAPC communities, DHCD information on 40B developments were conservatively added to the 2010 population projections.
Changes based on both rounds of community comments resulted in an overall regional growth rate for population to change from 8.3% to 10.8% and employment to change from 8.8% to 10.3%. These adjustments fall well within the range of error for our regional totals (99% confidence level).  
V. UAppendix
Appendix 1: Technical Documentation of the Data Development Process Description for the Economic Projections
Data development was performed in two general stages. The first stage involved projecting employment and industry sector composition to local economic (regional) areas. By using a process of regression analysis we defined local (regional) area economic trends in overall employment and sectoral composition. We used those trends to calculate employment outcomes in each of the local economic areas or NECTA’s. 

Regression Analysis

Historic CES data from the BLS was used to define regression equations. To project the outcome of overall local area employment and sector local area employment, we analyzed four variables of historic employment trends. These four variables included:

We reviewed several types of equation models to determine the most appropriate equation type to project these four variables types. These equation types included: straight linear, logarithmic, inverse, quadratic, cubic, power, compound, s, logistic, growth and exponential. 

The logarithmic function equation created the best curve estimation of observed values in nearly all cases. Additionally, this equation type seemed to project the most likely outcomes of all other equations types. The logarithmic function equation was used for all regression equations used in projecting outcomes for these four variables types.

National Overall Employment

National Overall Employment trending was used as a top-level control for all economic area outcome employment figures. A regression equation was determined by using annual overall employment figures over a 22-year period from 1982 –2004.

	National Overall Employment 
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	The above graph illustrates the equation used to project overall national employment.


National Industry Sector Composition

National Industry Sector Composition was trended as a percent share or composition of overall national employment. Here also a regression equation for each industry sector was determined by using historic data of a 22-year period from 1982-2004.

	Percent Composition of National Employment: Manufacturing
	Percent Composition of National Employment: Trade Trans & Utilities
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	The above graphs depict two examples of national industry sector composition used to define projection equations. To see other industry sector graphs review SPSS output file “NATSSPR82-04.spo”


Economic Area Share of National Employment

Economic Area Share of National Employment is a measure of the local economic area’s percent share of the overall national economy. This percent share figure was trended for a 14-year period from 1990 – 2004 to define a regression equation. Projected figures from this equation will be used with projected outcomes from the national overall employment projections to determine the overall employment within each economic area.

Projecting overall employment for the local regional economic area utilizes two regression equations. The national overall employment is projected using the 22-year regression line. The local regional economic area employment is projected as a trend in percentage share of the national overall employment for a 14-year period. This method utilizes the longer-term national trend but also accounts for local variations in the local regional economic area. 

	Percentage share of National Employment:

Boston-Cambridge-Quincy, MA-NH Metropolitan NECTA
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	The above graph illustrates an example of the regression line projecting change in percentage share of the local regional economic area. To see other NECTA percentage share regression graphs, review the SPSS output file “EAAggEmpLogReg-72200.spo” and “EAAggEmpLogReg-79600.spo”. 


Local Variation of Nation Industry Sector Composition

Local Variation of Nation Industry Sector Composition is a measure of the deviation of the local area industry sector composition from that of the national industry sector composition. This variable is a percent share of the overall employment in each local economic area (NECTA). It is calculated by subtracting the percent of national employment for each industry sector from the percent of local employment for each industry sector. This variable was also trended for a 14-year period from 1990 – 2004 and a regression equation was derived from the historic data.  

This variable will be used in projecting the local economic area sector composition. In using this local variation percentage, we are assuming that the sector composition of the local economy can be projected by analyzing two simultaneous trends. One trend projects outcomes due to national economic conditions. The second trend projects conditions of the local economy, which may amplify or dampen the national trend. This augmentation or suppression of national economic trends, is the local variation of industry sector employment that we are trending and attempting to project in the future.

	Local Variation of National Industry Sector Composition for Boston Metro NECTA: Manufacturing
	Local Variation of National Industry Sector Composition for Boston Metro NECTA:

 Trade Trans & Utilities
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	The above graphs depict two examples of the local variation of the national industry sector composition used to define projection equations. To see other industry sector graphs for NECTA: 71650, review SPSS output file “EAVariantLogReg-71650.spo”. To see industry sector graphs for NECTA: 72200 and 79600, review SPSS output file “EAVariantLogReg-72200.spo” and “EAVariantLogReg-79600.spo”, respectively. 


Calculations Tables
Regression Analysis produced logarithmic equations for the four variables types described above. Individual equation coefficients were determined and output to calculations tables. In all, 48 separate regression equations were used in determining outcomes. The following table illustrates a breakdown of all regression equations.

	Variable Type
	No of Equations

	Overall National Employment
	1

	National Industry Sector Compositions 
	12*

	Economic Area Share of National Employment: NECTA: 71650
	1

	Economic Area Share of National Employment: NECTA: 72200
	1

	Economic Area Share of National Employment: NECTA: 79600
	1

	Local Variation of Nation Industry Sector Composition: NECTA: 71650 
	11

	Local Variation of Nation Industry Sector Composition: NECTA: 72200
	11

	Local Variation of Nation Industry Sector Composition: NECTA: 79600
	10**

	Total Equations
	48

	* Includes one additional equation which projects outcome of aggregated sectors: “Natural Resources and Mining” and “Construction,” labeled “Construction and Mining” to correspond to source data from NECTA: 79600.

** Only includes aggregated industry sector “Construction and Mining”


Calculations tables were populated using the following formula:

National Overall Employment

National overall employment was projected directly from the regression equation. Outcomes were projected in 2000, 2005, 2010, 2015, 2020, 2025 and 2030. Outcome projections are actual expected employment (number of jobs) totals.  

NEmpPyrP 
=  bB0B + bB1B *  ln(yr)
where

NEmpPyrP
= Projected National Overall Employment in ‘yr’ year

bB0B 

= Intercept

bB1B

= Equation Coefficient

ln

= Logarithm Function

yr

= Projection Year 

National Industry Sector Composition

National industry sector compositions were also projected directly from the regression equations, one for each industry sector. Outcomes were projected in 2000, 2005, 2010, 2015, 2020, 2025 and 2030. Outcome projections are percent composition measures of overall national employment.  


NSSCompPyr
P= b0 + b1 * ln(yr)
where


NSSCompPyrP
= Projected National Industry Sector Composition in ‘yr’ year

bB0B 

= Intercept

bB1B

= Equation Coefficient

ln

= Logarithm Function

yr

= Projection Year 

Economic Area (Regional) Employment

Economic area (regional) employment figures were projected from results of the overall national employment projections and the defined regression equations, one for each NECTA. Outcomes were projected in 2000, 2005, 2010, 2015, 2020, 2025 and 2030. Outcome projections are overall employment (number of job) estimates for each NECTA.  


EAEmpPyrPBNECTA

B= ( bB0B + bB1B * ln(yr) ) * NEmpPyr
Pwhere


EAEmpPyrPBNECTA

B= Overall Economic Area Employment in ‘yr’ year and 





within ‘NECTA’ economic area 
 

bB0B 


= Intercept

bB1B


= Equation Coefficient

ln


= Logarithm Function

yr


= Projection Year

NEmpPyrP

= Projected National Overall Employment in ‘yr’ year 

Local Industry Sector Composition

Local industry sector composition figures were projected from results of the national industry sector composition projections and the defined regression equations of the local variation of nation industry sector composition variables, for each NECTA and individual industry sector. Outcomes were projected in 2000, 2005, 2010, 2015, 2020, 2025 and 2030. Outcome projections are local (regional) area industry sector percent composition of the overall employment (number of job) projections for each NECTA.

EASSCompPyrPBNECTA
B= ( bB0B + bB1B * ln(yr) ) +  NSSCompPyr
Pwhere

EASSCompPyrPBNECTA
B= Economic Area Industry Sector Composition in ‘yr’ year and within ‘NECTA’ economic area 
 

bB0B 


= Intercept

bB1B


= Equation Coefficient

ln


= Logarithm Function

yr


= Projection Year

NSSCompPyrP
= Projected National Industry Sector Composition in ‘yr’ year

Local Industry Sector Employment

Local industry sector employment figures were calculated from results of the overall local economic area employment projections and the local industry sector compositions projections calculated above. Outcomes were projected in 2000, 2005, 2010, 2015, 2020, 2025 and 2030. Outcome projections are local (regional) area industry sector employment totals, total number of jobs in each NECTA and industry sector.

EASSEmpPyrPBNECTA
B= EAEmpPyrPBNECTAB  *  EASSCompPyrPBNECTA
Bwhere

EASSEmpPyrPBNECTA
B= Industry Sector Economic Area Employment in ‘yr’ year and within ‘NECTA’ economic area

EAEmpPyrPBNECTA

B= Overall Economic Area Employment in ‘yr’ year and 





within ‘NECTA’ economic area

EASSCompPyrPBNECTA
B= Economic Area Industry Sector Composition in ‘yr’ year and within ‘NECTA’ economic area 


Results Tables

Outcomes from local economic area industry sector employment were used in the second stage of data development. Outcomes from five year interval economic area projections were used to determine rate of change statistics measures from 2000 through 2005, 2010, 2015, 2020, 2025 and 2030 creating 5, 10, 15, 20, 25 and 30 years employment development in each NECTA and industry sector.

Rate of Change calculations used the following formula fro each NECTA and industry sector category:

ROC00-05 =  ( EASSEmpP2005PBNECTAB -B BEASSEmpP2000PBNECTA B) * EASSEmpP2000PBNECTAB
Where

ROC00-05 

= Rate of Change from 2000 – 2005

EASSEmpP2005PBNECTA
B= Industry Sector Economic Area Employment in 2005 and within ‘NECTA’ economic area

EASSEmpP2000PBNECTA
B= Industry Sector Economic Area Employment in 2000 and within ‘NECTA’ economic area

Similar calculations were used to determine rate of change development in five-year increments.

ROC00-10 =  ( EASSEmpP2010PBNECTAB -B BEASSEmpP2000PBNECTA B) * EASSEmpP2000PBNECTAB
ROC00-15 =  ( EASSEmpP2015PBNECTAB -B BEASSEmpP2000PBNECTA B) * EASSEmpP2000PBNECTAB
…

ROC00-30 =  ( EASSEmpP2030PBNECTAB -B BEASSEmpP2000PBNECTA B) * EASSEmpP2000PBNECTAB
Base data from the 2000 Mass Highway CTPS employment survey was collected and totaled by community. Six digit NAICS (North American Industry Classification System) codes were also aggregated to match the 11 industry sector categories from the economic area outcomes.   

The final process in data development involved applying the rate of change statistics to the base data. To determine community level industry sector employment, the rate of change statistic for the each of the projection intervals (i.e. 2000-2005, 2000-2010, 2000-2015, etc.) was multiplied by the base data employment total.  Community and industry sector employment from the base data in 2000 received a rate of change measure that corresponded to the NECTA and industry to which it belongs for that interval period.  

Overall employment at the community level was determined by summing all employment from each industry sector within the community.  Tables were exported to a MS Excel spreadsheet for review and further analysis. MS Excel output tables include: 

“ProjectionsLC-Agg.xls” contains community level aggregate employment for each of the 164 communities with employment projections in 2000, 2005, 2010, 2015, 2020, 2025 and 2030.

“ProjectionsLC-SS.xls” contains community level industry sector employment for each of the 164 communities with employment projections in 2000, 2005, 2010, 2015, 2020, 2025 and 2030

Appendix 2: Overview of CTPS-MHD Regional Employment Database 2000 
The CTPS-MHD Regional Employment Database 2000, as developed by the Regional Systems Development Group, presents an April 2000 snapshot of employment for the 164-community CTPS Traffic Modeling Area.  This database contains employment records, identified with both SIC and NAICS coding conventions, and geographically coded at the place of employment.

The genesis of this employment database was a computer file transferred to CTPS by MassHighway, Bureau of Transportation Planning (BTP&D, now OTP), containing raw employment data for the Commonwealth as a whole.  OTP had previously received this data file from the Division of Employment and Training (DET, now DUA).  Such data is routinely collected by DUA, directly from employers within the Commonwealth, for their reporting purposes.

The computer file contained individual firm records showing employment totals by employment range code, the mailing address of the reporting site, and designating whether the firm or agency is single or multi-site.  The employment ranges were first converted to a single numeric value.  For single site firms, the specific number of employees was then geo-coded to a unique year 2000 U. S. Census tract and block based upon the reported street address.  For multi-site firms, however, DUA citing privacy issues could only provide an in-state aggregate employment figure and only one site address. The government sector was even more aggregated. Thus, an extensive and intensive disaggregation and site locating effort by CTPS was necessary for these records. This procedure employed a combination of internet searches, third party source data, and direct telephone contact.

The geo-coding of individual employment site records was partially accomplished using computerized address matching software and then completed using a manual coding process of the unmatched records from the computerized procedure. The end result was disaggregated employment records by firm, containing SIC and NAICS coded employment values, geographically assigned to a 2000 U. S. Census tract and block.  These block-level values were then aggregated to the CTPS 2727 internal traffic analysis zone (TAZ) structure.   

The CTPS-MHD Regional Employment Database was chosen over the published town-level DET employment data because (1) the CTPS-MHD is site specific data coded at the census block and TAZ level while DUA published data is frozen at the community level. (2) DUA, due to time constraints, takes the often non-site-specific aggregated data reported by firms and agencies as is, while CTPS made every effort to disaggregate such data to cover all firm operating locations. (3) Key sectors such as government, education and healthcare were given special attention—often being built from the bottom-up-department by department and building by building. And (4) CTPS collected employment data on railroad, military, and some religious institutions (schools) which are not covered by DET.
TP�PT MetroFuture is MAPC’s large-scale participatory initiative to develop a vision for the Metro Boston region’s future and a strategy to get there.  This initiative will use scenario modeling to look at different possible futures. Each scenario will be based on different assumptions about how and where we might grow, allowing us to look carefully at the consequences of that growth. (www.metrofuture.org)





TP�PT A note on the previous MAPC projections: MAPC produced population and employment projections in 2003 that may have produced different numbers for communities. In an attempt to better capture the trends documented in the community comments and influenced by MetroFuture’s need for a method that could be adapted to allow the employment and population projections to interact, a different method was adapted.   


TP�PT Method adopted from Andrew Isserman’s “The Right People, the Right Rates” (Journal of the American Planning Association, Vol. 59, No. 1, Winter 1993)  


TP�PT Census information necessary to calculate net migration by consistent race categories is not available before 1990.


TP�PT We constrained all age-sex-race specific 5-year migration rate to a ceiling/floor of 10%. This constraint prevents cohorts from having unusually high or low migration rates, and was imposed on 38 of the 144 age-sex-race cohorts.


TP�PT In one of the economic areas (NECTA: 79600) only 10 industry sector categories were used. In this case “Natural Resources and Mining” and “Construction” were combined into one single category. This was due to the formatting of source data from the Bureau of Labor Statistics (BLS) that did not include the more specific aggregation.  In this report, this combined sector is labeled: “Construction and mining”. The economic area affected by this inconsistency is NECTA 79600 and is comprised of the following six communities: Clinton, Lancaster, Northborough, Northbridge, Uxbridge, and Westborough. 


TP�PT Bureau of Labor Statistics data were chosen as the source for projecting employment because the regression model chosen requires accurate and consistent historic data. Although the use of BLS data involved some restraints in the regression modeling, we found no other source of data with consistent historic data. This information set was chosen as base level data, because it reflects the most accurate count of employment by community and industry sector with jobs counts at individual site locations and industry classifications to the full NAIC code designation. It was not difficult to aggregate the data to tables that would easily relate to table resulting from the regression analysis. 


TP�PT For examples, 1999 residential acres minus 1971 residential acres, divided by 2.8 to yield per-decade rate.


TP�PT The buildout method was created by MAPC and adopted by EOEA for statewide analysis. More information about buildout and method can found on � HYPERLINK "http://www.mass.gov/mgis/mgpres2.htm" ��TUwww.mass.gov/mgis/mgpres2.htmUT�. The buildable land was supplemented by subtracting wetlands, as indicated by the DEP 5K wetlands data layer.


TP�PT e.g., 100 acres in the 1 acre district and 100 acres in the 2 acre district would yield an average allowable density of 0.75 units/acre.


TP�PT Generally, the RPA’s historic projection was applied when the disparity between the two projections was over 5%.
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