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1.0 Summary Conclusions
Northwest Region

G Population: Population in the northwest Vermont region is
expected to increase by approximately 200,000, an annual average
of 1.2% from 2000 to 2010 and 1.5% from 2010 to 2035, a slightly
higher rate of growth than seen between 1980 and 1997 of 1.1%
per year.

G Employment: Full and part-time employment as measured by the
total number of jobs in the northwest Vermont economy is forecast
to increase 71% from 227,100 in 2000 to 388,400 in 2035, an
increase of 161,300 jobs.  This level of job growth takes place while
labor market conditions are expected to remain tight due to an aging
population and lower birth rates experienced during the 1980's and
1990's.  

G Gross Regional Product (GRP): Economic activity of the northwest
Vermont region as measured by real GRP (measured in 1992
dollars) is expected to increase $16 billion over the forecast period,
with 44% of the increase due to gains in work force productivity. 
This rate of growth averages 2.9% per year over the thirty-five year
study horizon. This rate is below that of the average experienced
during the 1980 to 1990 period but greater than that of the 1990 to
1997.

G Housing Unit Demand: Housing unit demand is expected to
increase by 98,700 over the forecast period.  The near-term
forecast period, 2000-2010, is expected to see a slightly higher rate
of growth than the balance of the forecast period, 1.7% and 1.6%,
respectively.  Housing demand is expected to increase at a rate
which exceeds population growth due to smaller households, longer
life expectancies and later marriages.  

Chittenden County

G Population: The population of Chittenden County is expected to
increase by 102,503 persons between 2000 and 2035, an average
of 1.5% per year.  This represents a 69% increase. The
metropolitan core cities of Chittenden County are expected to
experience relatively slow population growth relative to the 1970's
and 1980's – an average of 0.48% per year. The urban fringe towns
of Chittenden County are expected to experience population growth
averaging 1.97% per year between 2000 and 2035 with a slightly
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faster rate of growth in the 2000 to 2010 period than the 2010 to
2035 period.

G Employment: Full and part-time employment in Chittenden County
is estimated to increase by 79% or 98,000 jobs between 2000 and
2035.  There will be a continuation of the trend by which service
sector employment increases.  Concurrently, employment in
manufacturing increases at a rate above that of the 1990's, but
below historic rates of the 1970's and 1980's.  Eighty-six percent of
the additional jobs expected in 2035 will be in the non-
manufacturing sectors.  

G Housing Demand: Housing demand is expected to increase by
approximately 53,000 over the forecast period.  Housing demand is
expected to show a slightly higher rate of growth from 2000-2010 as
compared to the balance of the forecast period, 2.0% and 1.6%,
respectively.  This is due to the lagged effects of the housing market
combined with demographic changes of the population.   
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2.0 Executive Summary
The prospects and expectations for population growth in Chittenden
County are largely governed by the economic health of the northwest
Vermont region.  A healthy economy means business investment which
leads to employment growth and opportunity.  Employment opportunity, in
turn, encourages a region’s population to stay in the area and others to
migrate to the region.  As the indigenous population grows and
employment opportunity encourages in-migration, demand for housing
and public services follow.  The forecasts presented here have been
prepared to assist the Chittenden County Regional Planning Commission
and the Chittenden County Metropolitan Planning Organization to
examine and prepare plans that will address the needs of the current and
future residents of Chittenden County.

This study examines historic economic and demographic patterns for
northwest Vermont in order to forecast population, employment, and
housing demand for Chittenden County for the years 2000 through 2035.
In order to build the context within which Chittenden County is influenced,
the projections for Chittenden County begin with an examination of the
economy of the six northwestern counties of Vermont.  Economic activity
throughout the northwest Vermont region greatly influences population
growth and housing demand on all towns of the region and in Chittenden
County where the region’s population is centered.

A regional input/output model of the economic linkages within the six-
county region is calibrated for recent changes in the area’s economic
structure.  Adjustments to recognize current economic trends and the
present business cycle are then made.  Employment and population fore-
casts to 2035 for the entire region recognize the economic linkages within
the economy as a whole.  Historic patterns in population and employment
between the entire northwest Vermont region and Chittenden County, and
between Chittenden County and its sub-county regions, are then
examined.  This analysis provides estimates of the likely growth and
pattern of population within Chittenden County itself.

Users of the information contained in this report are encouraged to
recognize the inherent limitations on the population forecasts presented. 
The northwest region forecasts are the most likely to be proven accurate
over time.  The town level forecasts presented here are the most likely to
be proven the least accurate with time.  As is the case with all population
forecasts, the more extensive the geographic surface, the lower the
variability in historic patterns, and the larger the population considered,
the more accurate the results are likely to be.  Small swings in small
populations of small areas are very difficult to accurately forecast. 
Relatively speaking, Chittenden County and its towns exhibit all of these
characteristics.



1 The sub-county region’s population and employment forecasts contained in this report have been
prepared to reflect future levels given historic patterns of population and employment across and within the
northwest region of Vermont.  As such, the forecasts reflect what is likely to be the future pattern and level of
population and employment if historic trends continue– a “status quo” forecast.  These historic patterns may
be, and likely, will be, altered by public policy decisions and changing preferences of the region’s population. 
These factors  are particularly noticeable with forecasts at the sub-county level.  Consequently, the statistical
validity of the forecasts at the northwest Vermont and Chittenden County region level are higher than that at the
sub-county level.  For the convenience of the member towns, we have provided town level forecasts of
population where analysis enabled results with reasonable statistical validity.  These town-level forecasts
should be viewed and used  with extreme caution as the confidence intervals of these forecasts, especially in
the last projection year, are quite wide and reflect the difficulty in projecting these areas so far out into the
future.

2 The concept of a “nodal region” refers to a geographic area where the functional linkages that exist
between sub-areas exhibit social and economic ties referred to as “linkages” by regional economists and urban
planners.  In section 4.0 of this report we discuss the characteristics of nodal regions and some of the evidence
that demonstrates these characteristics for northwest Vermont.
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3.0 Introduction
This study was commissioned by the Chittenden County Regional
Planning Commission (CCRPC) in conjunction with the Chittenden County
Metropolitan Planning Organization (CCMPO) in April 2000 to provide
population, employment, and housing projections and analysis to support
the Chittenden County Regional Plan and the Chittenden County
Metropolitan Plan updates.  This study reports the results of the
projections for the northwest region of Vermont’s economy as well as the
projections of Chittenden County’s economy, population, and housing
demand.  In order to establish the context in which population,
employment and housing in Chittenden County is analyzed, the study
begins with an analysis and projection of the economy of northwest 
Vermont.  Subsequently, the municipalities of Chittenden County have
been organized into sub-county groupings for the projection of population
in those sub-county regions.1    

The northwest corner of Vermont including Chittenden County has grown
in population steadily for the past forty years and is now home to 51.6% of
the State’s population and 56.6% of the State’s employment.  The region,
which includes the six counties of Franklin, Grand Isle, Lamoille,
Chittenden, Addison and Washington, has generally maintained a growth
in population and economic activity greater than other areas of the state
throughout recent history (see Figure 2).  In the center of this region are
the cities and towns of Chittenden County which now form the core of a
highly interconnected nodal regional economy.2  The characterization
“nodal regional economy” refers to the spatial patterns of economic and
social relationships of the people residing and working within the region. 
Evidence, such as the concentration of employment and increasing
density of the population, indicates that the people of the region
constantly interact both economically and socially such that economic and
population growth of a given municipality is greatly influenced by that of
the region as a whole.



3 Characterizations of region must be considered in their spatial context.  For example, relative to the
northwest Vermont region as a whole, the towns of Chittenden County are characterized as the region’s “core.” 
Within the context of Chittenden County itself, the relatively more metropolitan areas of Burlington, South
Burlington and Winooski are considered the “core” communities of the County.  We will make these distinctions
clear as they are employed in subsequent sections of the report.

4 Appendix E presents supplemental analyses of the population patterns of most of the individual
towns of Chittenden County as a convenience to the member towns.  The statistical validity of these forecasts
are well below those of the northwest Vermont region and Chittenden County as a whole.  Extreme caution
should be employed in the use of these sub-county region forecasts for critical municipal planning functions.
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As the core of the northwest Vermont region becomes more densely
populated and significant employment activity more concentrated, the
impact of increased economic activity is spread across a broader
geographic area.3  For this reason, our examination of future population,
employment and housing for Chittenden County is developed from a
perspective of the northwest Vermont regional economy.  The analysis
that follows begins with a comprehensive examination of the northwest
region’s future economic growth based on our knowledge of recent
significant economic development events.  We then examine the likely
distribution of population, employment and housing to the counties of the
region given historic patterns for these variables.  Lastly, we examine
anticipated future population and housing demand distribution across
Chittenden County by aggregating individual communities into sub-county
regions.  In this manner, the economic momentum of the entire region’s
economy is incorporated into the population, employment and housing
forecasts for Chittenden County.  Our analysis includes population
forecasts for sub-county regions of Chittenden County as opposed to
individual towns because of data limitations and a desire to maintain a
high degree of statistical significance in the results.4

3.1 Purpose of Study
The forecast will be employed in the updates to the Chittenden County
Regional Plan and the Chittenden County Long-Range Transportation
Plan.  In turn, the plan will guide public investment, development and land
use policies throughout Chittenden County for the foreseeable future. 
The CCRPC plan update will employ the forecasts reported here to
examine and formulate public policy alternatives to achieve more
desirable long-term outcomes.  Accordingly, as the forecasts reported
here are based on historic patterns of growth, current economic activity,
and recent economic events that are expected to alter those historic
patterns, the plan becomes a tool to achieve a more favorable outcome
for the region’s citizens.  These projections will provide guidelines that will
assist in the development of and, hopefully, improve the quality of the
projections developed by Chittenden County member municipalities.
In order for the CCRPC to update the Chittenden County Regional Plan
and the CCMPO to update the Long-Range Transportation Plan,
projections and analysis of future economic and demographic trends need
to be developed.  While the Census Bureau and other government



5 All statistical forecasting estimations were made with a 95% confidence level.  For a more detailed  
discussion of confidence levels,  see Appendix D.
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agencies provide data in this regard, the 2000 Census data will not be
available for another two or three years, nor will this data go beyond the
year 2000.  It is the purpose of this study to develop long-term projections
and analysis of the Chittenden County population, employment, and
housing demand variables needed to facilitate long-range planning.  This
study also develops population projections for Chittenden County sub-
county regions to assist the member communities in their efforts to plan
for the future as well.

3.2 Study Methods and Approach
The projections of population and employment in Chittenden County
begin with a forecast of economic and demographic variables for the
entire northwest region of Vermont.  The northwest region has become
increasingly interconnected in its economic and demographic
relationships.  Therefore, any examination of Chittenden County needs to
look at the northwest region as a whole in order to understand the context
within which Chittenden County will approach the future.

In general, economic activity governs an area’s growth in population.  The
size and health of the economy decides population in and out-migration,
relative wage levels and personal incomes.  Higher incomes influence
quality of life factors which, in turn, influences economic momentum and
future growth.  This analysis examines recent economic trends and events
to forecast the northwest regional and the Chittenden County population
and employment variables.  

The economic and demographic forecast for the northwest region is
developed using the official state forecast, known recent changes in the
northwest regional economy, and a northwest regional input/output model. 
The official state forecast is econometrically derived using historic
employment, a national economic outlook prepared by Regional
Forecasting Associates (RFA) and other economic data, such as gross
state product and personal income.  Results of the official state forecast
are then incorporated into a regional input\output model along with
measures of recent economic events which are expected to influence the
nature and rate of future economic growth.  From this northwest regional
forecast the projections at the Chittenden County level are developed
using statistical forecasting models. These models relate the historic
Chittenden County proportion to the total northwest Vermont region.5 
Forecasts of population at the Chittenden County sub-county regional
level are also developed using similar statistical forecasting models.  In
short, these models produce the Chittenden County and sub-Chittenden
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Step 1.  Obtaining 6 County Northwest Vermont Forecast

Recent known
changes to

Northwest VT
economy

Official State
Forecast:

NEEP

REMI Standard
Regional Control

for 6 County
Northwest
Vermont

6 County
Northwest
Vermont
Forecast

2000-2035

Step 2.  Projection of Chittenden County Proportion of Northwest Vermont

Historic
Data:

Chittenden
County

Proportion of
NW Vermont

SPOP Model:
Used to Develop

Forecasted
Proportions

General Regression
Analysis:

Used to Develop
Forecasted
Proportions

Chittenden County
Projected

Proportion of
Northwest Vermont

Forecast:
Population &
Employment

6 County
Northwest
Vermont
Forecast

2000-2035

Chittenden County
Projected Proportion

of Northwest
Vermont

2000-2035

Output: Regional Employment, GRP,
Population and Personal Income

Chittenden
County

Forecast:
Population &
Employment

2000-2035

Step 3.  Application of Projected Chittenden County Proportions to
 Northwest Vermont Economic and Demographic Forecast

Figure 1.  Forecasting Process

County region forecasts by statistically examining historic patterns and
trends in population and employment change . 



6  The northwest region of Vermont is defined as the six northwestern counties: Addison, Chittenden, 
Franklin, Grand Isle, Lamoille and Washington.

7 The Case for a Healthy Community: The History of Sprawl in Chittenden County.  1999. 
Sustainability and Growth Center Team of the Champlain Initiative, p. 42.  

8  In reality, that portion of the northwest region which is considered part of a nodal region with 
Chittenden County as a core does not include all of the towns in the six-county area. A more 
appropriate grouping would likely include approximately 60 towns within a 60 minute commute of the 
core fringe. These towns incorporate approximately 80% of the region’s resident population.  As a  
practical matter the entirety of the six counties of Franklin, Grand Isle, Lamoille, Chittenden, 
Addison, and Washington counties are included in the definition of the northwest Vermont region 
because of data requirements and availability. The most complete data available for examining the 
economic and demographic trends and inter-relationships is county data.  The input-output data 
 which describes the flow of economic activity is county based data and county level estimates of                       
population, employment and housing are more readily available and reliable.

9  Hoover, Edgar M. 1975. An Introduction to Regional Economics, 2nd Edition, Chapter 7.
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4.0 The Northwest Vermont Region
Prior to examining Chittenden County individually, it is important to look
first at the whole northwest region of Vermont.6  This is due to the social
and economic interconnectedness and interdependence of the region.  
Regional economists describe regions such as the northwest region of
Vermont as “nodal regions.”  Nodal regions are characterized by a central
core, with a surrounding periphery related to the core by economic
linkages.  For example, as employment has grown in the central urban
towns of Chittenden County, some people working in these towns move
out to the surrounding rural towns in search of a particular lifestyle. 
Similarly, as land prices in the central urban towns increase relative to
surrounding towns, more land-intense activities are encouraged to
relocate or initiate economic activity on the core fringe.7  This shift of
population and employment centers leads to increasing interdependence
of the core and the periphery.  Over time, densities increase, land
resource pressures increase and the once periphery becomes part of the
core as the pattern repeats.  This section describes three critical factors
that demonstrate this increasing interrelatedness and interdependence of
the northwest region: the transportation networks, population and
employment.

4.1 The Northwest As A Nodal Region
As a geographic region, the northwest six counties of Vermont fits the
standard definition of a nodal region.8  A nodal region is defined as having
a nucleus and a peripheral area consisting of towns functionally tied to the
core.9  Hoover characterizes nodal regions as “...the structure is like that
of a living cell or an atom: There is a nucleus and a complementary
peripheral area.  Functional integration, rather than homogeneity, is the
basis of the correlation or community of interest within such a region.” 
Functional relationships used in this sense describes the numerous and



10   Hoover, Edgar M.  1975.  An Introduction to Regional Economics, 2nd Edition, page 152.

11  McGuckin, Nancy and Murakami, Elaine.  1998.  Examining Trip-Chaining  Behavior–A      
Comparison of Travel by Men and Women. U.S. Department of Transportation, Federal Highway  
 Administration, Washington, D.C. Note: the  study  indicated that 61.2% of women and 46.4% of  
men made one or more stops during their regular travel from work to  home.
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different ways in which activities in a region interact, both economically
and socially, through proximity and interdependence, thereby affecting
one another’s development.10  For example, when we examine and
compare patterns of population and employment in an area, we gain an
understanding of the commuting patterns of the communities’ residents. 
We can see that many people work in one town and commute to their
homes in another.  In turn, trade patterns are influenced by where people
live and their normal travel routes because retail trade is very dependent
on traffic volume.  In modern society, we also see that people are
constantly trying to maximize the use of their time.  For this reason, we
find that people will combine their efforts to meet social and economic
functions around their normal work-to-home travel patterns.  In this way,
stops along the commute between work and home to shop tend to define
an individual’s trade patterns.  Equally, there is the tendency to meet with
other family members at some central location between home and work
for social activities such as dinning out or watching a movie.11

Although functional relationships, which include all of the linkages that
exist in an economy, cannot always be identified directly they can often be
recognized and understood by examining spatial relationships and
patterns of demographic and socio-economic activity.  For example, we
can look at patterns of employment as measured by “place-of-work” data
from the Vermont Department of Employment and Training and compare
this with employed residents by town in the northwest Vermont region. 
This will show that some towns import workers while others export
workers.  Although we cannot tell exactly where all workers come from
and go to we can see  patterns of activity indicative of the functional
relationship between suppliers of labor and providers of jobs. 

Regions are constantly changing economically and socially.  As a region
grows in population and economic activity, it tends to spread out across
the landscape.  Towns once on the region’s fringe become increasingly
linked to the core towns.  A strong economy offers jobs to an increasing
number of people.  Population increases as more people move into the
area attracted by increasing economic opportunity.  Some of these people
move into the fringe towns as a lifestyle choice and, perhaps, in pursuit of
lower-cost housing.  These towns become more closely tied to the core
towns as the population increases and economic and social linkages are
strengthened further.  Such is the case in the six counties of northwestern
Vermont.  Analysis of patterns of the transportation networks, population
and employment demonstrate that the area has evolved over the past
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forty years and now represents a nodal region with a disperse population
that shares a significant community of common interest.

4.2 Shifting Economic Patterns
Topography governs the location and concentration of population and
economic development activity across the area as is typical in any nodal
region.  The road network, land use characteristics in general and historic
settlement patterns tie the area together both economically and socially. 
At it’s widest point, the Champlain Valley contains the central urban towns
of Burlington, South Burlington and Winooski in Chittenden County. These
cities are surrounded by the urban border towns of Colchester, Milton,
Essex, Williston, Shelburne, and Charlotte.  Surrounding these
communities are the regions’ peripheral towns which are more rural in
character.

To the north of the core area lies the city of St. Albans in Franklin  
County.  St. Albans is a trade and employment center for the surrounding
towns of Franklin County.  It has a rich history as a railroad center and a
support center to surrounding agricultural activity.  There is significant
interaction between the St. Albans community and the northwest Vermont
region’s core communities. To the south of the core is the town of
Middlebury and the City of Vergennes in Addison County.  These two
areas of population concentration within Addison County have strong ties
to the core population and economic center of Chittenden County.

To the east of the core are the upland hills and valleys of the Champlain
basin rivers.  Here, too, the towns have had a history of declining
significance as centers of employment and commerce.  This is indicated
when the respective town’s employment is measured as a percent of total
employment in the northwest Vermont region.  Morrisville and Stowe in
Lamoille County, and Barre and Montpelier in Washington County are
upland towns located on waterways that historically provided easy access
to power for the processing of agricultural, forest and natural resource
products.  But as employment and trade centers, relative to the northwest
Vermont region, all of these towns have declined or remained stable in
significance during the past forty years.

The increased concentration of economic activity in the northwest region’s
core and away from the periphery, has caused the surrounding rural
towns to become increasingly dependent on the core for employment and
services.  Increasingly we see that as the Chittenden County core has
grown, the county is increasingly a larger share of total economic activity
drawing on the surrounding towns for labor supply and trade demand. 
And increasingly, the population makes its home on the rural fringe and
commutes to work within the region’s core and urban fringe towns.  Table
1 shows the shifting significance of manufacturing and total employment
in the northwest region since 1978.
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Table 1.  Selected Northwest Town Areas: Percentage of Northwest Employment
                Total and Manufacturing Employment: 1978-1998

Total Employment 1978 1980 1985 1990 1995 1998 
Burlington Area Towns
     Percent Total NW Emp 55.5 56.6 57.9 61.2 61.8 61.8 
Barre-Montpelier Area
    Percent Total NW Emp 22.2 21.3 20.4 20.2 19.9 19.3 
Middlebury Area Towns
    Percent Total NW Emp 7.4 7.8 7.6 7.8 7.6 7.8 
Morristown Area Towns
     Percent Total NW Emp 6.3 5.8 6.0 7.0 7.3 7.5 
St. Albans
     Percent Total NW Emp 4.5 4.1 3.4 – – –
Swanton
    Percent Total NW Emp 1.0 1.0 0.9 – – –
Vergennes
    Percent Total NW Emp 1.6 1.9 1.8 1.6 1.2 1.4 

Manufacturing Employment 1978 1980 1985 1990 1995 1998 
Burlington Area Towns
    Percent NW Manuf. Emp 34.0 34.1 38.1 44.1 46.3 45.9 
Barre-Montpelier Area
    Percent NW Manuf. Emp 31.7 32.5 29.0 30.3 27.6 27.9 
Middlebury Area Towns
    Percent NW Manuf. Emp 10.9 10.6 10.3 10.7 11.2 11.0 
Morristown Area Towns
    Percent NW Manuf. Emp 13.5 14.8 15.1 13.0 13.1 13.3 
St. Albans
    Percent NW Manuf. Emp 3.2 3.9 4.2 – – –
Swanton
    Percent NW Manuf. Emp 2.6 2.8 1.9 – – –
Vergennes
    Percent NW Manuf. Emp – – – – – –

Notes: 
Source: VT Dept. of Employment & Training, U.I. Covered Employment & Wages (ES-202) Reports 1978-1998.
Burlington Area includes St. Albans and Swanton Towns starting in 1990, VT DET.

Prepared by Economic & Policy Resources, Inc. Williston, VT 05495

4.3 Transportation Network
Residents of the northwest Vermont region use the local road network for
commuting to work, shopping, socializing, entertainment, and to access
essential services.  Through a combination of traffic flow and commuting
data, it can be shown that the towns of the northwest region are linked
and constitute a nodal region.

The northwest Vermont region is linked by an extensive network of
primary and secondary transportation corridors (see Figure 2).  As is true 
for many parts of the nation, these corridors consist entirely of roadways. 
There are no canals in Vermont and with the exception of some freight 
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traffic, railway usage is light.  Intrastate air traffic is entirely non-
commercial and sporadic.

As demonstrated by Figure 2, the principle transportation corridors of the
six northwestern counties consist of: Interstate Highway 89, U.S. Route 7,
and Vermont Routes 116, 115, 100, 15 and 22A.  The one definitive trait
of all these corridors is the increased traffic volume they all demonstrate
as they approach Chittenden County.12  This increasing volume indicates
the destination for the vast majority of users of these roads is the region’s
core.  The combination of these roadways’ reach throughout the region
and traffic flows, demonstrates the connection these towns have with the
core and with each other. 

Interstate 89 provides the major east-west connection in the northwest
region.  It links the Barre-Montpelier area on the eastern edge of the
region to the Burlington area towns on the western edge.  As can be seen
in Figure 2, there are no major population or employment centers between
these two points.  The greatest average annual daily traffic flow (AADT) in
Vermont is found along this segment of Interstate 89.  Along the eastern
part of this segment, between Barre-Montpelier and the intersection with
Route 100, AADT is approximately 18,000 vehicles.   Along the western
segment, from the intersection with Route 100 and Burlington, AADT
builds from approximately 22,000 vehicles near Montpelier to
approximately 29,200 vehicles as Burlington is approached.

Interstate 89 also provides the single largest north-south connection in the
region.  It links St. Albans, a former agricultural and rail center, to the core
towns of the region.  As can be seen in Figure 2, there are no major
population centers between these two points.  AADT along this section of
Interstate 89 builds from approximately 14,400 vehicles near St. Albans to
approximately 28,500 as the core area is approached.  Following
Interstate 89, U.S. Route 7 provides the next largest transportation linkage
in the northwest region.   Route 7 predates the Interstate and historically
was the state’s predominant north-south connection.  Also, unlike
Interstate 89 it travels directly through the downtown or center of most
towns along its path.  Route 7 provides two north-south linkages for the
region, Middlebury-Vergennes to the Greater Burlington area and St.
Albans to the Greater Burlington area.

Route 7 also provides the region with a second major north-south linkage
between St. Albans and Greater Burlington.  For the most part, its path is
parallel to Interstate 89.  As with the north-south segment of Interstate 89,
the traffic flow is decidedly into the region’s core.  AADT in Georgia, just
south of St. Albans, is approximately 4,100 vehicles and this increases
rapidly to approximately 9,400 vehicles as Greater Burlington is
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approached.  

In addition to the north-south linkage provided by Route 7, the northwest
region is also linked north-south by secondary routes such as the
Monkton Ridge Road and Route 116.  Route 116 is a two lane road that
originates in Middlebury-Vergennes and terminates in the core towns.  It is
supplemented by the Monkton Ridge Road, a narrow and lower grade
roadway than Route 116, but one that provides a more direct route to the
core for people traveling from Middlebury-Vergennes and beyond.  Traffic
along Route 116 increases from Middlebury-Vergennes to Bristol but then
drops off until picking up again in Starksboro where it increases from less
than 4,200 vehicles to approximately 9,200 vehicles in Hinesburg.  North
of Hinesburg traffic becomes divided between Route 116 and Route 2A,
both of which direct vehicle traffic from the hinterland and urban fringe to
the region’s core.  

The northwest Vermont region is also served by several roadways that are
not directly connected to the core but rather serve as branches that funnel
commuters into the main corridors.  These “feeder” roadways include
Routes 100, 115 and 22A.  Route 100 is one of several two lane feeder
roadways that provides the region with a north-south linkage both north
and south of Interstate 89.  It connects towns in the southwest and north-
west portions of the region, such as Moretown, Waitsfield, Warren, and
Granville in the southwest, and Eden, Hyde Park, Morristown, Stowe and
Waterbury in the northwest, via Interstate 89, with the core.   

The pattern of traffic flowing from the periphery towns into the core and
amongst each other, can be reaffirmed with Journey to Work data from
the 1990 Census.  Part of the 1990 Census included questions regarding
place of residence and place of work.  For New England states, this data
is available by town.  

According to the Journey to Work data, the average time spent traveling
to work, by persons residing in the northwest Vermont region, was
approximately 20 minutes in 1990.  Given the relatively minor traffic
congestion of the region this travel time translates into significant
distance.  Figure 3, in conjunction with Figure 6, demonstrates the large
portion of the regional population that is within a 15 minute to 30 minute
driving span of the region’s metropolitan core.  
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Table 2.  Ranking of Towns According to Average Travel Time to Work (minutes)

Town/City Ave. Time Town/City Ave. Time
Montpelier 19 Waterville 28 
South Burlington 19 Bristol 29 
Burlington 19 New Haven 29 
Williston 20 Whiting 30 
Middlebury 20 Wolcott 30 
Berlin 20 Georgia 30 
Winooski 20 Monkton 30 
Barre City 21 Ripton 31 
St. George 21 Enosburg 31 
Weybridge 21 South Hero 31 
St. Albans City 21 Hyde Park 31 
Morristown 21 Ferrisburg 31 
Essex 22 Cambridge 32 
Colchester 22 Plainfield 32 
Salisbury 23 Granville 32 
Barre Town 23 Duxbury 32 
Vergennes 23 Sheldon 33 
Richford 23 Franklin 33 
Waterbury 23 Bridport 33 
Shelburne 24 Goshen 33 
Stowe 24 Middlesex 34 
Northfield 24 Calais 34 
Warren 24 Westford 34 
Richmond 25 Grand Isle 34 
Leicester 25 Alburg 34 
St. Albans Town 25 Belvidere 34 
Johnson 25 Fairfax 35 
Hancock 25 Worcester 35 
East Montpelier 26 Addison 35 
Panton 26 Underhill 35 
Waltham 26 Marshfield 36 
Jericho 27 Huntington 36 
Fayston 27 North Hero 36 
Roxbury 27 Elmore 36 
Hinesburg 27 Orwell 37 
Swanton 28 Lincoln 38 
Charlotte 28 Eden 38 
Moretown 28 Starksboro 38 
Montgomery 28 Berkshire 38 
Highgate 28 Woodbury 38 
Cornwall 28 Fletcher 39 
Waitsfield 28 Cabot 39 
Milton 28 Bakersfield 40 
Shoreham 28 Isle La Motte 42 
Bolton 28 Fairfield 43 
Source:
1990 Census, Journey to Work Data.

Prepared by Economic & Policy Resources, Inc. - Williston, VT 05494.
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Examining the rankings of towns in the northwest Vermont region
according to the average travel time to work reported for each town
demonstrates a general pattern by which residents of towns in the core
have the lowest travel times whereas those on the periphery have the
highest travel times (see Table 2).  This pattern indicates that residents’
principle economic interaction–their employment–is not limited to the
specific town in which they live.  Rather, these peoples’ interests interact
with those of many other communities and especially with those of the
region’s core.

Using the average commuting time as a basis for comparison, the percent
of each town’s employed residents that travel 20 minutes or more to work
was calculated. By limiting the analysis to persons commuting 20 minutes
or more, those who do not travel outside their town of residence for work
are excluded.  Figure 4 shows the distribution of towns with employed
residents who travel 20 minutes or more to work.  The circle size
represents the total amount of employed residents that commute 20
minutes or more to work.  The largest circles are found outside the core,
showing that considerable portions of these towns’ employed residents
commute 20 minutes or more to work.  Of those residents that commute
20 minutes or more, the green portion of the circle denotes the portion
that commutes to the core.  Outside the core, more than half of these
towns have 40% or more of their commuters who travel to the core for
work.

Transportation data for the region provides clear evidence that common
economic interests pervade residents of the six-county northwest Vermont 
region.  Figure 3 provides a physical description of how region members’
common economic and social interests bring them together on a daily
basis.  1990 Census Journey to Work data, as summarized in Figure 3,
shows the geographic extent and magnitude to which these common
economic interests bind residents of the region.  

In sum, residents of the northwest Vermont region share common
interests that bring them together on a daily basis.  These interests
include powerful financial interests that bind residents of the region
together.  The region’s roadways and subsequent traffic flows provide
physical evidence that the region functions as a nodal region.

4.4 Population and Employment
In order to fully understand the socio-economic relationships among the
towns of the northwest Vermont region, examination of the changes in
population and employment patterns over time is necessary.  As the
northwest region becomes more integrated, population growth is fueled by
economic growth in the central core area and expands outward from the
core towards the secondary towns, as well as from the secondary towns 



Figure 4. Commuting Patterns of Residents - Northwest Vermont

Vermont

SOUTH BURLINGTON VT

MIDDLEBURY VT

BURLINGTON VT

MONTPELIER VT

GRANITEVILLE-EAST BARRE VT

BARRE VT

ENOSBURG FALLS VT

VERGENNES VT

ST. ALBANS VT

MORRISVILLE VT

ES POINT NY

MILTON VT

JERICHO VT

CAMBRIDGE VT JOHNSON VT

HYDE PARK VT

RICHFORD VT

WATERBURY VT

CABOT VT

BRISTOL VT

SWANTON VT

STOWE VT

MARSHFIELD VT

���89

���91

���91

���89

���89

���93

���91

��2

��5

��5

��302

��7

��2

��7

��2

��7

Canada

0 5 10 15

Miles
Source: Census Bureau, 1990 Journey t oWork Data

Type
Interstate
US Route
State Route
County/Other

Commuting Patterns
1.5

0.75
0.375

Commuters
Commuters to Chittenden County

Page -17-



Vermont

���89

���91

���91

���89

���89

���93

���189

���91

��2

��5

��2

��5

��302

��7

��7

��7

��2

��11

Canada

0 5 10 15

Miles
Source: Census Bureau

Population Change Relative to NW Region Average
Interstate
US Route
State Route
County/Other

Above/Below
Below Average
Above Average

Figure 5. Population Change 1980 to 1998 - Northwest Vermont

Page -19-



13  Hoover, Edgar M.  1975.  An Introduction to Regional Economics, 2nd Edition,   page 152.

Page -19-© 2000  Economic & Policy Resources, Inc., Williston, Vermont 802-878-0346

back towards the central core area.  As the population expands outward,
these areas become more residential in nature and employment begins to
concentrate around the central core and secondary towns.  This
phenomenon of centralizing employment leads to a shift in
employment/residence patterns, where the central core and the
secondary towns become net importers of jobs and the periphery
becomes a net exporter of workers to those jobs.  This pattern of
concentrating employment in the central core while the population growth
expands outward from the central core is evidence of the functional
integration of a nodal region described by Hoover.13  This section
describes the relationships and shifting patterns of population and
employment witnessed in the northwest region from 1980 to 1998,
emphasizing the linkages within the northwest Vermont region that define
it to be a nodal region.

Examination of the changes in population and in the population growth
rates from 1980 to 1998 is evidence of the growing integration among the
towns within the northwest Vermont region.   Analysis of population data
from the Bureau of the Census reveals that  the total population has
grown an average 1.07% annually from 1980 to 1998.  Upon examination
of the growth in population of the individual towns in the six-county region,
the differences among their growth rates is apparent.  Figure 5 shows the
towns that have grown faster than the annual average growth rate of
1.07% .  As can be seen from Figure 5, these towns comprise the
periphery radiating out from the central core area towards the secondary
towns.  This growth of population on the periphery of the central core area
and the secondary towns is due to the rise in the residential population
seeking traditional housing opportunities.  This causes, in effect, the rise
in ‘bedroom’ towns where there is very little employment actually within
the town itself, as a greater and greater percentage of the population is
employed outside their town of residence, yet within the northwest region.

Further evidence of this characteristic pattern of a nodal region can be
seen in Figure 6.  This population density map demonstrates the changes
in density within the six-county area from 1980 to 1998.  Whereas the
areas with the highest population density were localized around the
specific towns in 1980, in 1998 the densest population towns can be seen
to form a continuous band that radiates out from the core towards the
periphery and from the secondary towns towards the region’s core.

These patterns of change in the population in the northwest region are
also enabled by the major roadways in the region.  The towns with the
fastest population growth and the greatest population density follow along
and radiate out from four major routes, which all converge in the core. 
These routes are: Interstate 89 running southeast and north of the core,
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Route 7 running north and south of the core, Route 15 running northeast
of the core and Route 100 running north and south of Interstate 89. 
These roadway networks allow for the expansion of the residential
population outward from the core into the periphery and towards the
secondary towns and create the integration of the northwest region.  This
movement of population and the increasing density of population outward
from the core towards the periphery demonstrates the linkages between
the individual towns of the six-county region, one element that defines the
region as a nodal region.

Conversely, as the population grows out from the region’s core towards
the periphery and secondary towns, employment becomes concentrated 
within the core.  As with the patterns of population growth, this
concentration of jobs is also found along the four major roadways
radiating out from the central core towards the secondary towns and away
from the secondary towns towards the central core.  This trend of
concentration of employment towards the core then becomes the
complementary element to the movement of population patterns.  These
complementary elements, the shifting of population and employment,
further define the northwest region as a nodal region.

To highlight the concentration of employment, differences among two
series of employment data are examined.  ES-202 employment data,
which measures employment in establishments covered by
unemployment insurance and the Local Area Unemployment Statistics
(LAUS), which are data collected by the Current Population Survey.  The
major difference between these two series is that the ES-202 data is
collected on a ‘place of work’ basis, while the LAUS series is collected on
a ‘place of residence’ basis.  Examining the differences between these
two series highlights the relationship between where people work and
where they live within the northwestern Vermont.

These two data series were compared for 1998 for all the towns located in
the six northwestern counties.  The difference between the two series was
calculated and diagramed, as shown in Figure 7.  As can be seen from
the map, there are fifteen towns that can be considered ‘job-importing’
towns, as the employment by place of work is much greater than the
employment by place of residence.  The remaining seventy-six towns are
then ‘job-exporting’ towns, as the employment by place of residence is
much greater than the employment by place of work.  The job-importing
towns contain the bulk of the employment, while the job-exporting towns
contain the bulk of the people who fill these positions.  This pattern
demonstrates the important place-of-work/place-of-residence linkage 



Vermont

���89

���91

���91

���89

���89

���89

���91

���93

���189

��2

��5

��2

��7

��5

��302

��4

��4

��7

��7

��4B

��2

��11

��5

Canada

Vermont

���89

���91

���91

���89

���89

���89

���91

���93

���189

��2

��5

��2

��7

��5

��302

��4

��4

��7

��7

��4B

��2

��11

��5

Canada

Figure 6. Population Density 1980 and 1998 - Northwest Vermont

19981980

0 8 16 24

Miles
Source: Census Bureau

Type
Interstate
US Route
State Route
County/Other

Population Density
0.000 to 20.000
20.000 to 30.600
30.600 to 48.000
48.000 to 98.000
98.000 to 10000.000

Pa
ge

 -2
0-



0 5 10 15

Miles
Source: VT Department of Employment and Training

County Subdivision Charts
7500

3750
1875

Job Import Towns 
Job Export Towns

Figure 7. Job Import and Export Towns - Northwest Vermont

Page -23-



14  Hoover, Edgar M.  1975.  An Introduction to Regional Economics. 2nd Edition, page 154.

Page -22-© 2000  Economic & Policy Resources, Inc., Williston, Vermont 802-878-0346

common to the population of the northwest Vermont towns.

The largest job-importing area is the central core area of the northwest
Vermont region and, specifically, the more urban area of Chittenden
County, which imports approximately 21,600 jobs.  On the periphery of the
northwest region are smaller job-importing areas. The eleven other job-
importing towns collectively import approximately 16,300 workers.

This configuration of job-importing towns and job-exporting towns follows
the same path as does the population density and employment
concentration patterns.  The largest job-importing area is the central urban
area, where the majority of the region’s employment is located.  Pushing
outwards are the towns that show the highest population growth and
densities, which are also the areas that contain the job-exporting towns. 
Underlying these relationships is the access to residential towns from the
central urban area and access to jobs in the central urban area from the
residential towns along four major roadways of the northwest region,
namely Interstate 89, Route 7, Route 15 and Route 100.  The analysis of
population and employment patterns described in this section corroborate
Hoover’s description of a nodal region which states:

A city and its surrounding commuting and trading area make a nodal region. 
The parts with the main concentration of business and employment are in sharp
contrast to the residential areas, especially to the “bedroom suburbs,” but they
are tightly linked to them by flows of labor, goods, and services.  Thus, the
region is usefully considered as a unit in its reaction to changed conditions
affecting economic growth and well-being.  Neither core nor periphery can
flourish without the other.14

Examination and analysis of the changing patterns of population and
employment within the six northwestern counties demonstrates just such
linkages.  Employment has become concentrated within the central urban
area, while the areas surrounding the central urban area has shown the
largest growth in population since 1980.  Evidence of the interdependence
of the northwest region is further detected when observing the differences
between job-importing areas and job-exporting areas.  The central urban
core imports employees from the periphery and the periphery supplies the
necessary labor, thus, neither area can function fully without the other. 
Without the employees supplied by the periphery towns, the central urban
area’s capacity to operate is constrained, and conversely, without the
central urban area’s capacity to offer employment, the periphery is
constrained economically.  This interdependence is what defines
northwestern Vermont as a nodal region.

The preponderance of evidence indicates that the six-county region of
northwest Vermont is a nodal region.  In geographic terms, what unites



15  Regional Economic Modeling, Inc., Amherst, Mass.
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residents of the six counties is the region’s core in Chittenden County.  In
economic terms, these people work in the same places and depend on
the same factors for their livelihood.  For the majority of people, these are
found in the region’s core.  Residents of the six counties also use the
same roads to shop at the same stores and travel to their employment,
which are in the region’s core.

5.0 Forecast Methods
The economic and demographic forecast for the six-county northwest
region of Vermont was accomplished using a dynamic input-output model
known as the REMI Policy Insight Model.15   The REMI model is
constructed to estimate future levels of economic and demographic
variables based on the historic mathematical relationships among these
variables.  This estimation is the baseline forecast for the northwest
region, also known as the standard regional control.  As the standard
regional control of the REMI model is constructed using historical data
from 1969-1997, further calibration was necessary to move from a near-
term perspective to a long-term perspective in the forecast horizon.  The
calibration procedure consisted of incorporating recent known changes in
the regional economy as well as incorporating the short-term official
statewide economic forecast.  Once the model was calibrated, the
forecasted macroeconomic variables for the northwest region are
obtained.  Further details regarding the REMI model calibration can be
found in Section 5.2. 

To move from the northwest prospective to the Chittenden County
perspective, two different forecasting methods were employed: a multiple-
regression model called SPOP: Small Area Population Projection and
general regression analysis.16  Further explanation of the methods used in
projecting the Chittenden County variables can be found in Section 5.4.

The future demand for housing units in the northwest region was
accomplished in a three-step process.  First, the REMI model uses
statistical information about the population’s birth and death rates by age,
and econometrically combines this information with the relationship
between economic activity and migration patterns to produce age-specific
population forecasts for the northwest Vermont region. Second, future
levels of households were projected by applying household to population
ratios developed from the 1990 Census to the REMI demographic
forecast for the northwest region.  Of principal interest is the rate of



17  The following probability weights were assigned.  For IDX: 2001- 90%, 2002 - 90%, 2003 - 80%,  
2004 - 70%, 2005 - 2010 - 70%.  For Husky: 2002 - 90%, 2003 - 90%, 2004 - 2010 - 80%. 
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household formation of persons by age category.  The population forecast
is converted to households by applying the household formation rates by
age category to the population forecast.  Third, once the projected
household levels are obtained, the number of households is translated
into housing units using the relationship of households to housing units
from the 1990 Census, and vacancy and destruction rates.

5.1      Forecast Horizon
This forecast perspective is from the year 2000 to the year 2035.  In the
near-term perspective (2000-2005) there is an assumption of the
continuation of the current cyclical behavior observed in the economy
when historical data are examined.  However, when moving from the
near-term to the long-term perspective, it becomes impossible to know the
exact magnitude and timing of upcoming economic cycles.  Therefore,
long-term forecasts necessitate smoothing of the generally cyclical
behavior of the economy out into the future.  This smoothing is done by
examining the general trends of the various macroeconomic variables in
the past and results in a forecast which produces a long-term outlook that
reflects the direction and magnitude of change, but will likely differ from
actual annual results when viewed after the fact.  This move from the
near-term to the long-term forecast horizon is one reason for the
calibration of the forecasting model discussed in the next section.

5.2      REMI Calibration for Northwest Forecast: 1997-2000
A standard regional control was obtained from REMI for the northwest
region of Vermont.  This standard regional control uses historical data
from 1969-1997, from a variety of data sources, such as the Bureau of the
Census, the Bureau of Labor Statistics and the Bureau of Economic
Analysis.  As 1997 is the last history year in the standard regional control, 
it was constructed prior to the period when IBM expanded its facility in
1999, the development of the first phase of the Husky Injection Molding
Systems, Inc., U.S. manufacturing campus, and prior to the initiation of
the IDX expansion project in late 1999.  The actual and expected
incremental employment and investment activity from these past and/or
already permitted development projects was added to the REMI standard
regional control to capture changes to the appropriate economic
performance baseline for the six-county regional economy.  Probability
weights based on subjective judgement were assigned to the employment
and payroll expansions for the Husky and IDX expansions to account for
some risk that the actual implementation of these planned projects are
delayed or downsized through the planning horizon.17

Along with the known changes occurring in the regional economy, the



18  At the beginning of this forecasting procedure, the most current state forecast was the November  
1999 New England Economic Project (NEEP) Outlook.
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REMI standard regional control was adjusted to capture the most recent
official Vermont state forecast, which is a five-year forecast
reflecting the best available outlook for cyclical activity.18  That forecast
can be characterized as a continuation of the most recent economic
expansion but at a rate which is slower than that experienced during the
most recent 24 to 36 month period.

5.3      Northwest Vermont Forecast
Table 3 shows the forecast for the macroeconomic variables for the six
northwest counties in Vermont.  Total employment is expected to grow by
approximately 161,000 full and part-time jobs across the 2000 to 2035
forecast period, with the first ten years showing slightly higher average
annual growth than the latter part of the forecast period, 1.8% and 1.4%
respectively.  While this level of growth might seem high, it is actually
below the average annual rates of growth exhibited in the past. For
example, between 1980 and 1990, employment grew on average 3.3%
per year.  However, the near-term forecasted employment is expected to
grow slightly faster than from 1990 and 1997 where employment grew an
average 1.6% per year.

Eighty-six percent of the growth in employment will be found in the non-
manufacturing sector.  The average annual growth of the non-
manufacturing sector is expected to be higher than the manufacturing
sector, both in the near-term and the long-term forecast horizon, 2.1% and
1.4%, and 1.6% and 1.2%, respectively.  Non-manufacturing employment
is expected to grow more slowly than in the past, 3.74% from 1980-1997,
while manufacturing employment is expected to grow more quickly than in
the recent past, 0.54% for the same time period.  These rates of growth
demonstrate that there will continue to be a shift in the region’s economy
away from the traditional manufacturing sectors into the non-
manufacturing sectors as the non-manufacturing sectors are relatively
larger than manufacturing.

The labor force is expected to add approximately 110,700 people over the
forecast period.  There is expected to be slightly higher growth in the near-
term as compared to the balance of the forecast period, 1.6% and 1.3%
respectively.  As the population ages and people have less children, the
growth in the labor force slows.

The difference in the growth rates for employment and the labor force
figures indicate that tight labor market conditions are expected to continue 



Table 3. Economic and Demographic Forecast - Northwest Vermont

Absolute CAA CAA
Change Change Change

1980 1990 1997 2000 2005 2010 2015 2020 2025 2030 2035 00 - 35 00 - 10 10 - 35

Employment (000s) 134.185 185.855 208.032 227.104 252.046 271.345 291.44 312.977 335.71 361.07 388.396 161.292 1.8% 1.4%
  Manufacturing (000s) 25.081 26.428 27.485 30.72 33.44 35.35 37.66 40.04 42.26 44.79 47.531 16.811 1.4% 1.2%
  Non-Manufacturing (000s) 79.63 127.441 148.61 163.3 184.77 201.74 218.74 237.08 256.8 278.73 302.324 139.024 2.1% 1.6%

Labor Force (000s) 123.003 155.89 169.545 179.583 196.522 209.704 221.42 235.208 250.93 269.64 290.245 110.662 1.6% 1.3%

GRP (Bil 92$) 4.662 7.348 8.322 9.584 11.439 13.122 15.02 17.215 19.7 22.61 25.96 16.376 3.2% 2.8%
  Personal Income (Bil 92$) 4.092 5.973 6.990 7.92 9.04 10.3 11.31 12.68 14.19 15.84 17.84 9.92 2.7% 2.2%

Population (000s) 254.189 285.762 303.784 314.287 334.937 355.697 379.88 409.673 442.87 478.39 514.897 200.61 1.2% 1.5%
School Age Population (000s) 61.993 56.858 62.754 63.072 61.374 60.673 62.75 67.755 73.67 79.55 85.094 22.022 -0.4% 1.4%
> 65 Population (000s) 24.482 27.979 31.548 32.041 34.256 40.306 50.379 62.799 76.201 85.495 93.919 61.878 2.3% 3.4%

Housing Unit Demand (000s) 101.0 122.7 133.9 127.6 138.9 151.2 164.3 178.7 193.9 212.5 226.3 98.7 1.7% 1.6%

Notes:
[1] The Northwestern Vermont region includes the six counties of Addison, Chittenden, Franklin, Grand Isle, Lamoille and Washington.
[2] Long-term forecast results are obtained through simulations of economic activity in the region using the dynamic input-output model of Regional Economic  Modeling, Inc. (REMI).
[3] CAA = Compound Annual Average Rate of Growth.
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into the future.  The change in employment and labor force levels also
indicate the continued presence of multiple job-holders.  The continued
tight labor market conditions highlight that there will continue to be a
shifting relationship between employees and employers: job training and
retention factors will become even more important.

Economic activity as measured by real GRP is expected to increase by
$16 billion from $9.6 billion in 2000 to $26 billion in 2035.  This increase
breaks out into slightly higher average annual growth rates for the near-
term than for the balance of the forecast period, 3.2% and 2.8%,
respectively.  These rates of growth are slightly lower than historic rates of
growth in real GRP.  Forty-four percent of the increase in real GRP is due
to increased labor productivity, with per-worker productivity forecast to
increase by 67% over the period.  

Real personal income increases $9.9 billion from $7.9 billion in 2000 to
$17.8 billion in 2035.  As with real GRP, growth is expected to be higher in
the near-term as compared to the balance of the forecast period, 2.7%
and 2.2%, respectively.  The growth in real personal income is influenced
by the increases in productivity and the shift in employment from
manufacturing to non-manufacturing.  Personal income is influenced by
these changes through their effect on employment needs; the need for
more highly trained employees in turn leads to higher incomes for those
jobs.  Personal income also includes proprietor’s income, therefore, an
increase in total personal income denotes an increase in the return on
investment for proprietors.

The total population of the northwest region is expected to grow to almost
515,000 people over the forecast period.  This represents an increase of
approximately 200,000 people over the forecast period.  Conversely from
the previous variables, there is a slightly lower rate of growth in the near-
term as compared to the balance of the forecast period, 1.2% and 1.5%,
respectively.  These rates of growth are slightly higher than seen
historically.  Between 1980 and 1990, population exhibited an average
annual growth rate of 1.2% per year and between 1990 and 1997, that
rate dropped to less than 1% per year.  The growth of the population over
the forecast period does not keep up with employment growth.  This is
due to the shift in demographics; the baby boomers age, families have
less children and have children later in life.  This difference in growth rate
between population and employment is the cause for the lag in the growth
of the labor force as compared to the growth in employment.

School-age population is expected to remain relatively flat through the
forecast period. In the near-term, there is an actual decline in this
segment of the population.  The school age population then begins to
show an increase in 2015, with the total increase for the period being
approximately 22,000.  The growth rates for school age population are



19 For a list of the studies consulted, see Appendix B.

20 For a discussion of the SPOP model, see Appendix C.
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essentially mimicking the pattern seen in history - declines through the
1980's and then increasing again in the 1990's.

The greater-than-65 population is expected to grow by approximately
61,000 over the forecast period.  The growth of this population segment is
expected to be slightly lower in the near-term, 2.3%, over the long-term,
3.4%.  As the bulk of the baby boomer population reaches 65 years old
after 2010, this accounts for the higher growth in the latter part of the
forecast period.  

Housing unit demand is expected to increase approximately 98,700 units
over the forecast period.  This variable shows the same trend as
employment and GRP, slightly higher rates of growth in the near-term,
1.7%, with the balance of the forecast period showing a slightly lower rate
of growth, 1.6%.  Smaller households, longer life expectancies and later
marriages all combine to create a discontinuity in population and housing
growth such that housing demand increases at rate which exceeds
population growth.

5.4      The Chittenden County Perspective
While the REMI model is an effective tool for forecasting the northwest
region of Vermont, it is not well-suited for forecasting at the level of a
single county such as Chittenden County.  This is due to the leakages that
occur when attempting to use an economic region’s input-output model to
forecast for one segment of the economic region.  The leakages cause
the underlying economic and mathematical relationships to be invalidated.
Therefore, alternative methods must be found to focus the northwest
regional projections down to the Chittenden County level.  When choosing
the forecasting methods for Chittenden County and the sub-county
regions used in this study, examination of the problems associated with
different methodologies was examined, especially as to how these
problems relate to forecasting for small areas.19  This research resulted in
choosing two methodologies for the projection of the variables in the
Chittenden county level: 1)a multiple-regression model: SPOP: Small
Area Population Projection and, 2) general regression analysis.20

The essential task for projecting at the Chittenden County and sub-county
regional level is to allocate the appropriate shares from the northwest
region forecast to Chittenden County, and then to allocate the appropriate
shares of Chittenden County to the sub-county regions.  The SPOP model
is ideally suited for this type of analysis, as the model does not project
absolute levels for smaller areas, but percentage shares of the small



21  For a list of the R2's of all the forecasted variables, see Appendix D.

22  For a discussion of General Regression Analysis, see Appendix C.
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areas to a larger area.  This is accomplished by projecting the total for a
larger area and projecting the percentage share of that total for each of
the smaller areas.  This characteristic of projecting shares of sub-areas
also allows for the model to be used for the projection of other variables,
such as employment and housing demand.

The SPOP model is a multiple-regression spreadsheet model that uses 6
different regression functions to forecast the input variables.  The set of 6
regression equations are used to find the equation that produces the best
fitting line for each of the smaller area’s data, which is historical.  The
best-fitting equation is chosen based upon the R2's for each equation in
each area.  The R2 , or coefficient of determination, is a standard statistic
used in examining the fit of an estimated line to the data points. 
Essentially, it is a ratio of the residuals, or errors due to the regression line
to the total error within a data set.  The closer the ratio is to 1, the better
the estimated line fits the data set.21  

While the SPOP model is a versatile and useful tool, it also has some
constraints.  For the model to function properly, it is necessary to have six
data points, in evenly-spaced time periods.  Due to the nature of three of
the six functions contained within SPOP, it is possible to have data that do
not allow the model to operate fully, for example, only three of the six
equations will be fitted.  While several years of data are available from the
Bureau of Economic Analysis for use in the SPOP, there were data
constraints involved with the operation of the SPOP model for some of the
forecasted  variables.  Therefore, since the historical data was complete
enough, general regression analysis was used for this series of
projections.  This methodology is actually what the SPOP model is based
upon.  Use of one equation at a time, however, allows for greater flexibility
in the years of data used.

General regression analysis is a long-standing tool in econometrics and
statistics.  General regression analysis examines the relationship between
a dependent variable and one or more independent variables.  Once a
relationship is established with a high degree of statistical significance, the
estimated parameters can be used to forecast the levels of the dependent
variable.  For the purpose of this study, general regression analysis was
done using the same principle as the SPOP model, namely the
percentage shares of subsets of a larger set.  As with the SPOP model,
the best-fitting line is chosen based upon the R2's.22
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6.0 Chittenden County Projections
As mentioned earlier, it is important to recognize that the projections
presented here are prepared based on the historic relationships between
economic and demographic variables specific to the study region. 
Accordingly, these forecasts represent likely future levels of population
and housing demand given a continuation of historic and current
relationships and patterns.  For example, the forecasts capture very
effectively demographic trends associated with a population getting
older–fewer persons of school age, more persons over age 65, smaller
households.  However, the forecasts are not able to anticipate changes
that may result through public policy decisions such as those related to
the planning process for which these forecasts have been prepared.  For
example, a policy decision that impacts development densities across the
fringe towns may alter the pattern of future population change and,
therefore, change the parameters of the forecast producing future results
which significantly differ from the forecast presented here.  Additionally,
no forecast method exists that is able to predict discontinuous events.  A
significant economic development event in northwest Vermont, such as
the sudden loss or gain of a major employer, will alter the forecast
parameters and lead to results differing from those presented here.

6.1 Chittenden County Population
The Chittenden County population forecast was obtained using the SPOP
model to project the percentage share of the northwest region’s
population attributable to Chittenden County.  The historical data used in
this estimation was Chittenden County population as a percentage share
of the northwest region’s population for the Census years 1940-1990. 
The projected shares were then applied to the northwest forecasted
population to produce the results for Chittenden County shown in Table 4.

The Chittenden County population is expected to increase approximately
103,000 over the forecast period.  This represents approximately 51% of
the total population growth for the northwest region.  The percentage of
growth seen in Chittenden County population in the forecast time period is
slightly smaller than the percentage of the growth experienced by
Chittenden County between 1960-1990,  which was approximately 55%. 
This follows the pattern of development seen in the northwest region as a
whole.  As the core of the region, Chittenden County, begins to become
denser in population, the population spreads out into the surrounding
counties.  So even though Chittenden County will continue to see the
major portion of the population growth in the northwest region, the
surrounding counties begin to gain percentage points of the population
growth.  As Chittenden County continues to see the majority of the
population growth, the share of Chittenden County population as a
percentage of the total northwest population continues the trend seen 



23 For member communities’ informational purposes, town forecasts were developed and are  
presented in Appendix E.
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between 1960 and 1990, albeit at a much slower rate.  In 1960,
Chittenden County represented 41.2% of the total northwest population
and by 1990 that percentage had climbed to 46.3%.  By the end of the
forecast period, Chittenden County population is expected to represent
approximately 48.7% of the total northwest population.  

There is slightly higher growth in the long-term period (2010-2035), an
average annual growth rate of 1.6% per year, than in the near-term period
(2000-2010), an average annual growth rate of 1.4% per year.  These
growth rates are slightly above the average annual growth seen between
1980-1990 and 1990-1997 of 1.3% per year and 1.04% per year,
respectively.  However, these growth rates are below the average annual
rate of growth experienced by Chittenden County between 1960-1990,
1.9% per year.  

6.2 Chittenden County’s Sub-County Regional Population
In order to see the pattern of distribution of the Chittenden County
population projections around the county, the county was broken out into
three sub-county regions.23  Those sub-county regions are as follows.

Region 1: Burlington, South Burlington and Winooski
Region 2: Colchester, Essex and Williston
Region 3: Bolton, Buel’s Gore, Charlotte, Hinesburg, Huntington, Jericho   
                Richmond, Shelburne, St. George, Underhill and Westford.

The sub-county regional population forecasts were obtained using general
regression analysis.  Shares of each sub-county region’s population as a
percent of the total Chittenden County population were projected using
equations estimated with general regression analysis, then the projected
shares were applied to the projected Chittenden County population
obtained in Section 6.1.  An additional component to this estimation
involved the use of the projected shares for each sub-county region’s
population in 2000.  This component was achieved by using the Census
estimates from 1990 to 1998 for each sub-county region and projecting
the sub-county region’s 2000 population based on the growth rates from
the Census 1990-1998 estimates.  This procedure is akin to the
calibrations made to the REMI model to account for the known changes in
recent past for each sub-county region that are not captured in the 1990
Census.  For example, it is known that the population of some individual
towns in Chittenden County have experienced significant growth since the
1990 Census. Incorporating these known factors allows for a truer picture
on which the projections can be based.  The projected population for each
sub-county region is shown in Table 4.



Table 4.  Chittenden County and Chittenden County Sub-Regional Population Forecast Absolute CAA CAA
Change Change Change

00-35 00-10 10-35
1980 1990 1997 2000 2005 2010 2015 2020 2025 2030 2035

Population (000s) 115.534 131.761 141.618 148.295 158.998 169.76 182.176 197.324 214.171 232.212 250.798 102.503 1.4% 1.6%

Chittenden County Sub-Regions Population (000s)

Region 1 54.709 58.585 59.124 61.453 62.82 63.762 65.037 66.893 68.899 70.861 72.556 11.103 0.4% 0.5%
Region 2 30.864 36.116 40.628 42.783 47.334 51.896 57.021 63.144 69.927 77.205 84.795 42.012 1.9% 2.0%
Region 3 29.961 37.06 41.806 44.058 48.844 54.103 60.118 67.287 75.345 84.146 93.447 49.389 2.1% 2.2%

Notes:
[1] Chittenden County Sub-Regions:  
Region 1: Burlington, South Burlington, Winooski
Region 2: Colchester, Essex, Williston
Region 3: Bolton/Huntington/Buel's Gore/Underhill, Charlotte, Hinesburg/St. George, Jericho, Milton, Richmond, Shelburne, Westford
[2] Chittenden County and Sub-Regional 1997 population data obtained from the Bureau of the Census Estimates Series. 
[3] Differences in the totals of the sub-regions and Chittenden County due to rounding.
[4] Long-term forecast results obtained from SPOP population forecasting model and General Regression Analysis. 
[5] CAA = Compound Annual Average Rate of Growth
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Region 1 is expected to have the smallest increase in population, in
absolute terms, approximately 11,000 over the forecast period.  This
number represents the addition of approximately 317 people per year to
the sub-county region as a whole.  As with the total Chittenden County
population forecast, Region 1 is expected to show a lower average annual
growth rate in the near-term versus the long-term forecast period, 0.4 and
0.5%, respectively.  This is slightly below the average annual growth rate
seen between 1980 and 1990 of 0.69%, although it is above the average
annual growth rate seen between 1990 and 1997 of 0.13% per year. 
These rates of growth are approximately the same as the rates of growth
seen between 1960 and 1990, 0.54% per year.  These rates of growth
demonstrate that as a whole, this region is expected to grow more slowly
than the surrounding towns.  This pattern mimics the pattern seen when
looking at Chittenden County in relation to the northwest region.  As the
urban core builds in population density, the population moves out to the
surrounding towns.

Region 2 is expected to add approximately 42,000 people over the
forecast period.  This represents an increase of approximately 1,200
people per year for the sub-county region as a whole.  For this region as
well, average annual growth is expected to be slightly lower in the near-
term forecast period as compared to the long-term forecast period, 1.9%
per year and 2.0% per year, respectively.  These rates of growth are
above  the rates of growth seen between 1980 and 1990, 1.6% per year,
and between 1990 and 1997, 1.7% per year.  These rates of growth are
significantly lower than the rate of growth seen between 1960 and 1990,
3.9% per year.  As the population base becomes larger, the annual
population growth becomes a smaller and smaller percent of the total. 
Between 1960 and 1990, this region experienced an almost tripling of
their population.  

Region 3's population is expected to grow by over 49,000 over the
forecast period, the largest of the three sub-county regions.  This
represents yearly additions of approximately 1,400 people.  It is important
to note here that this sub-county region represents twelve individual
towns, whereas the other two sub-county regions represent six towns
combined.  This region is also expected to show slightly slower growth in
the near-term, 2.1% per year, than over the long-term, 2.2% per year. 
These rates are comparable to the rates of growth seen between 1980
and 1990, 1.98% per year and between 1990 and 1997, 2.15% per year.  
While these rates might seem high, they are actually below the average
annual rate of growth experienced by this region between 1960 and 1990,
4.0% per year.  This region saw a more than three-fold increase in the
population between 1960 and 1990.

6.3 Chittenden County Employment
To project the employment levels for Chittenden County, a combination of
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the SPOP model and general regression analysis was employed.  First,
the Chittenden County shares of the major sectors: Non-Manufacturing,
Government and Farm, were projected using the SPOP model.  The
historical data series used in this estimation was the Bureau of Economic
Analysis’ (BEA) full-and part-time employment data for 1982-1997.  This
series was used as it corresponds to the concept of employment found in
the REMI model.  The employment variable here is defined as a total
establishment job count, in other words, all the jobs, both full-and part-
time, by place of work are counted.  It is important to use the same
concept of employment in the estimation process, so that distortions
between different definitions of employment do not arise.  The years 1982
through 1997 were chosen specifically to capture two business cycles in
the economy, rather than attempting to project from either a trough or a
peak in a business cycle.  For the projection of the Government sector,
BEA employment from 1970 to 1997 was used as the 1982-1997 data did
not yield statistically reliable results.  

For each of the employment sectors, the proportion of Chittenden County
employment as a percent of the northwest Vermont region’s employment
were projected,  then the projected shares were applied to the projected
employment for the northwest region.  Manufacturing employment,
however, has shown such variability and volatility in the past, that neither
SPOP nor general regression analysis yielded statistically reliable results. 
Therefore, Manufacturing employment has been calculated as a residual
from total employment by subtracting the other forecasted employment
sectors, Non-Manufacturing, Government and Farm, from total
employment.

The next step was to estimate the 1-digit employment sectors within Non-
Manufacturing.  Again, BEA’s employment data for the years 1982-1997
was used.  Transportation and Public Utilities was estimated using the
SPOP model, Agricultural Services, Forestry and Fishing, Services,
Finance, Insurance and Real Estate, Retail and Wholesale Trade were
estimated using general regression analysis.  The Mining and
Construction sector data were too variable and volatile to yield any
statistically reliable results with either estimation method, so this sector is
calculated as a residual from the total Non-Manufacturing sector.  The
employment projections for Chittenden County are shown in Table 5. 

Total employment is expected to increase by approximately 98,000 over
the forecast period.  Employment is expected to grow an average of 2.0%
per year in the near-term forecast period and then slow to an average of
1.6% per year in the long-term forecast period.  This is slightly below the
rate of growth seen between 1980 and 1990, 4.0% per year, but the near-
term rate of growth is slightly above the rate of growth seen between 1990
and 1997, 1.7% per year, and the long-term growth is slightly below this
rate.  Chittenden County total employment has seen the majority of the 



Figure 8. Chittenden County Sub-Regions
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employment for the northwest region since 1982, when Chittenden County
employment was 51.2% of the total northwest employment.  By 1997, that
share had risen to 53.8%.  This trend is expected to continue over the
forecast period, with Chittenden County employment becoming 57.3% of
the total northwest employment by the end of the forecast period.  This
trend is also demonstrated in Table 1, which shows the increasing
concentration of employment within Chittenden County and away from the
surrounding counties of the northwest region.  

Approximately 86% of the growth in employment is expected to be in the
Non-Manufacturing sector, with the addition of approximately 85,000 full-
and part-time jobs over the forecast period.  Not surprisingly, the average
annual rate of growth is expected to be higher in the near-term forecast
period over the long-term forecast period, 2.3% and 1.7% per year,
respectively.  This trend of an increasing shift towards the Non-
Manufacturing sector is the same for Chittenden County as it is for the
northwest region.  

While the Manufacturing sector has seen some drastic changes over the
historic period, 1982-1997, employment in this sector is expected to
continue to grow over the forecast period, adding approximately 10,000
jobs.  The average annual rate of growth is expected to be slightly higher
near-term forecast period as compared to the long-term forecast period,
1.4% and 1.2% per year.  These rates of growth are higher than the rates
of growth seen between 1980-1990 and 1990-1997, 0.9% and 0.1% per
year, respectively.  Manufacturing employment was severely affected by
the recession of the late 1980's and early 1990's and has only in the last
five years begun to rebound from it.  

The Government sector is expected to increase by almost 3,600 over the
forecast period.  The rates of growth for the near-term forecast period and
the long-term forecast period are extremely close to the same, 0.6% and
0.7% per year, respectively.  These rates of growth are higher than the
rate of growth between 1990-1997, 0.2% per year, yet significantly lower
than the rate of growth seen between 1980-1990, 2.2% per year.  

Farm employment in Chittenden County is expected to continue its
historic trend of decreasing employment.  Over the forecast period, Farm
employment is expected to decrease by approximately 300 jobs.  The rate
of decline is expected to be slightly lower in the near-term forecast period
as compared to the long-term forecast period, -2.1% and -2.4% per year,
respectively.  These rates of decline are lower, however, than the rates of
decline seen between 1980-1990, -4.2% per year, and between 1990-
1997, -2.8% per year.  Joint pressures affect this sector.  First, as the
average wage earned by farmers continues to be below that of other
sectors, people move out of farming and into other sector employment.
Second, the economic and population development of the county affects
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the ability for farmland to stay open.  The best farming land is also the
best building land.  

Within the Non-Manufacturing sector, Services employment is where the
majority of the increase is expected to fall.  Services employment is
expected to grow by almost 52,000 jobs, or almost 61% of the increase in
Non-Manufacturing employment.  As with Non-Manufacturing
employment, the average annual growth rate in Services employment is
expected to higher in the near-term forecast period as compared to the
long-term forecast period, 2.8% and 2.0% per year, respectively.  While
the absolute increase in Services employment might seem high, the
growth rates are actually significantly below the rates of growth seen
between 1980-1990 and 1990-1997, 6.4% and 3.7% per year,
respectively.

The Retail Trade sector is expected to have the second largest gain in
employment, approximately 12,000 jobs added over the forecast period. 
Here as well, the near-term forecast period is expected to grow at a faster
rate than the long-term period, 1.6% and 1.3% per year, respectively. 
These rates of growth are much lower than the rate of growth seen
between 1980-1990, 4.7% per year, but higher than the rate of growth
seen between 1990-1997, 1.1% per year.  

Wholesale Trade, on the other hand, is only expected to see a modest
increase in employment over the forecast period, approximately 1,100 
jobs.  Most of this growth is expected to be in the near-term forecast
period with average annual growth of 1.7% per year.  This is significantly
lower than the 1980-1990 rate of growth, 4.6% per year, but the same as
the rate of growth seen between 1990-1997.  The long-term forecast
period is expected to only see an average annual rate of growth of 0.1%
per year.  

The Agricultural Services, Forestry and Fishing sector is expected to show
the highest rates of growth over the forecast period, however, this can be
misleading.  The actual projected employment gain is only 1,600 jobs over
the forecast period.  As this sector is so small, even modest gains show
up as a sizable growth rate.  The sector grew more than three times from
1980-1997, with growth rates of 10.22% per year between 1980-1990 and
4.3% per year between 1990-1997.  The near-term forecast period is
expected to grow by 3.3% per year and the long-term forecast period by
2.3% per year.  Most of the growth will likely be in the landscaping and
horticultural services sectors, due to the growth in development that have
accompanying landscaping needs.

Transportation and Public Utilities is expected to add approximately 3,600
jobs over the forecast period.  In this sector, however, the near-term
forecast period is expected to grow at a slightly slower rate than the long-



Table 5.  Chittenden County Employment Forecast 
Absolute CAA CAA

Change Change Change
1980 1990 1997 2000 2005 2010 2015 2020 2025 2030 2035 00-35 00-10 10-35

Total Employment 67.239 99.676 111.920 124.203 139.205 151.112 163.466 176.676 190.583 206.027 222.629 98.425 2.0% 1.6%
Manufacturing 15.041 16.396 16.520 18.048 19.585 20.755 22.145 23.597 24.957 26.497 28.168 10.120 1.4% 1.2%
Non-Manufacturing 40.415 69.258 81.378 91.364 104.339 114.791 125.272 136.534 148.611 161.997 176.376 85.012 2.3% 1.7%
  Agricultural Services, Forestry & Fishing 0.268 0.709 0.952 1.090 1.314 1.512 1.719 1.938 2.169 2.423 2.696 1.606 3.3% 2.3%
Mining & Construction 4.079 6.367 6.797 8.426 9.877 11.113 12.109 13.255 14.503 15.971 17.511 9.086 2.8% 1.8%
Transportation & Public Utilities 2.621 4.020 4.840 5.081 5.429 5.864 6.352 6.884 7.441 8.045 8.690 3.609 1.4% 1.6%
 Wholesale Trade 2.801 4.389 4.942 4.905 5.460 5.822 5.880 5.933 5.965 6.002 6.034 1.129 1.7% 0.1%
 Retail Trade 10.751 17.019 18.416 19.836 22.004 23.329 24.775 26.429 28.161 30.057 32.072 12.235 1.6% 1.3%
Finance, Insurance & Real Estate 4.079 7.335 7.540 8.348 9.024 9.565 10.379 11.266 12.205 13.096 14.038 5.689 1.4% 1.5%
 Services 15.816 29.419 37.891 43.677 51.232 57.586 64.058 70.831 78.166 86.402 95.336 51.658 2.8% 2.0%
Government 10.635 13.272 13.409 14.223 14.773 15.108 15.644 16.185 16.697 17.251 17.836 3.613 0.6% 0.7%
Farm 1.148 0.750 0.613 0.568 0.507 0.458 0.406 0.359 0.318 0.281 0.248 -0.320 -2.1% -2.4%

Notes:
[1] Chittenden County employment forecast obtained using the SPOP model, except for the Non-Manufacturing sectors which were obtained using general regression analysis.
[2] CAA = Compound Annual Average Rate of Growth.
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term forecast period, 1.4% and 1.6% per year, respectively.  These rates
of growth are significantly lower than the rates of growth seen between
1980-1990, 4.4% per year and 1990-1997, 2.7% per year.  

Finance, Insurance and Real Estate is expected to show fairly steady
growth over the forecast period, adding approximately 5,700 jobs.  The
near-term and long-term forecast periods show very similar rates of
growth, 1.4% and 1.5% per year, respectively.  These rates of growth are
significantly below the growth rate seen between 1980-1990, 6.0% per
year, yet significantly higher than the growth rate seen between 1990-
1997, 0.4% per year.  

Mining and Construction is expected to add approximately 9,000 jobs over
the forecast period.  The near-term forecast period is expected to grow
more quickly than the long-term forecast period, 2.8% and 1.8% per year,
respectively.  These growth rates are significantly lower than the growth
rate seen between 1980-1990, 4.6% per year, yet significantly higher than
between 1990-1997, .9% per year.  The Mining and Construction sector is
notably variable, as it follows the general health of the economy.  During
the boom period of the 1980's, Mining and Construction grew significantly,
then suffered sharp setbacks with the recession that followed.  As the
economic cycle has again begun to climb, Mining and Construction has
followed by showing gains in employment.  

6.4 Chittenden County Housing Demand
The housing demand figures projected in this section of the study differ
from the housing unit demand projected for the northwest region.  The
figures reported in this section of the study are essentially the number of
projected households, which gives a much broader sense of the housing
demand than housing unit demand.  Housing unit demand differs from
housing demand in that factors such as multiple households living in
single units, vacancy rates, and annual unit destruction rates are not
considered.  Reliable data to convert overall housing demand to a more
specific housing unit demand concept for the county was not available.  

The housing demand for Chittenden County was estimated using the
general regression analysis to forecast the shares of Chittenden County
as a percent of the northwest region’s housing demand.  The data used
for this estimation is Census data, 1950-1990, Chittenden County
households and the northwest region households.  Once the projected
shares of Chittenden County are obtained, then they are applied to the
projected housing demand for the northwest region.  The projected
Chittenden County housing demand is shown in Table 6.

Housing demand is expected to increase by approximately 53,000 over
the forecast period.  As the total population of Chittenden County shows a
slightly lower rate of growth in the near-term forecast period,1.4% per
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year, the housing demand for Chittenden County shows a slightly higher
rate of growth in this time period, 2.0% per year.  The situation is then
reversed for the long-term forecast period, with population showing a
slightly higher rate of growth, 1.6% per year, and the housing demand
showing a slightly lower rate of growth, 1.8% per year.  This phenomenon
is consistent with the demographic changes in the population, i.e. the
aging of the population, children of the baby boomers becoming adults
and starting households, people stay in their housing longer, and with the
lagged effects of the housing market to economic and demographic
changes.  As the economy turned around in the latter part of the 1990's,
the increases in employment generate an increase in the demand for
housing.  However, this demand cannot be filled instantaneously, so the
growth in housing demand continues to be higher in the near-term
forecast period.  Housing demand continues to grow as the population
ages and people stay in their housing longer.  However, as the near-term
forecast period moves into the long-term forecast period, a large part of
the population (the baby boomers) will no longer need their housing and
the population growth rate decreases, thus resulting in a lower rate of
growth in housing demand.   

Table 6.  Projected Chittenden County Housing Demand

History Projected Housing Demand (000s)

1980 38.528

1990 48.439

Forecast

2000 58.955

2005 65.015

2010 71.609

2015 78.613

2020 86.386

2025 94.629

2030 103.325

2035 112.287

Abs. Change 53.332

CAA Chge 00-10 2.0%

CAA Chge 10-35 1.8%

Prepared by Economic & Policy Resources, Inc. - Williston, VT 05495
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6.5 Chittenden County Projections: 2100
While a long-term view is always advantageous to the planning
procedure, projection of Chittenden County population, employment and
housing demand to 2100 can not be considered without a great deal of
caution.  Projections to a time horizon that exceed the amount of data with
which to forecast can be problematic, as the margin of error increases as
the time horizon lengthens.  Therefore, to estimate Chittenden County
population, employment and housing, examination of the long-term trends
in population and relationship between population, employment and
housing demand was necessary.  

In order to create the most complete picture possible, an examination of 
the trend in population in Chittenden County from 1970 to 2035 was
undertaken.  By using general regression analysis, a line was fit to the
data and the resulting equation of that line is used to project Chittenden
County population for 2050, 2075 and 2100, shown in Table 7.  Again,
this projection should be viewed with extreme caution, as there are many
factors that influence population over such a distant time horizon. 
Changes in fertility, natality and mortality rates, and other discontinuous
and unforeseen occurrences are not factored into the projection.  In other
words, given the past and no changes in any factors that affect population
growth, these are the estimates of what direction Chittenden County
population might be headed in. 

 To estimate employment and housing demand, examination of the
relationship between population and employment and population and
housing demand is examined.  The ratio of population to employment is
steady through the 2000-2035 period.  Given the population level from
2035 to 2100, employment is then calculated from there by applying the
ratio to population.  Housing demand is calculated in the same manner.  

Table 7.  Chittenden County Population and Employment:2050, 2075 and 2100

2035 2050 2075 2100
CAA Change

2035-2100

Population (000s) 250.798 306.946 424.797 568.288 1.26%

Employment (000s) 222.629 276.252 382.318 511.459 1.29%

Housing Demand
(000s)

112.287 131.679 182.238 243.796 1.20%

Prepared by Economic & Policy Resources, Inc. - Williston, VT 05495
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7.0 Conclusion
As the Chittenden County Regional Planning Commission moves forward
in the development of an updated Regional Plan, an understanding of
population, employment and housing demand in Chittenden County is
vital.  Developing appropriate policies to influence future outcomes is
dependent upon this understanding, not only for CCRPC, but its member
communities.

In order to estimate what the future holds for Chittenden County, it is
necessary to examine the economic and demographic patterns at a
broader, regional level.  The six northwestern counties of Vermont have
become increasingly interrelated and interdependent as economic activity
creates ever-stronger linkages within the region.  As the core of the
region, Chittenden County is expected to experience growth in population
density connected to the concentration of employment.  This increased 
population begins to disperse into the surrounding areas in search of
traditional housing opportunities.  Therefore, a forecast of the northwest
region is developed in order to lend the context for the Chittenden County
forecast.

Employment in the region is expected to grow by approximately 161,000
full-and part-time jobs over the forecast period.  The labor force is
expected to grow, but not as fast as employment, indicating a continuation
of tight labor market conditions.  Real GRP is expected to increase by $16
billion, with 44% of the increase due to increases in productivity.  Total
population is expected to grow to almost 515,000, which represents
slightly higher growth than over the 1980-1997 period.  

Chittenden County will continue to see the majority of the population and
employment growth, with employment increasing by approximately 98,000
and population increasing by approximately 103,000 over the forecast
period.  The majority of the increase in employment will be in the Non-
Manufacturing sector, which demonstrates the continuation of the historic
shift in employment patterns.  Services will continue to gain the largest
share of Non-Manufacturing employment.  As employment and population
increase, so does the demand for housing, which is expected to increase
by approximately 53,000 over the forecast period.  

As the population continues to grow, growth is expected to be larger in
Chittenden County sub-county regions 2 and 3 than in sub-county region
1.  As this urban core area of Chittenden County experiences higher
population densities, the surrounding municipalities experience population
growth in response to people’s preferences in housing opportunities.

As with any long-range forecast, it is important to recognize that the basis
of the forecast which distributes population and employment across the
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northwest Vermont region is historical patterns.  Therefore, the projections
in this study have an underlying assumption of the continuation of the
underlying elements which are expressed in historic patterns.  These
projections cannot foresee discontinuous changes in technology or the
economic operating environment that could cause changes in structure or
direction of the relevant variables.  That being said, the projections in this
study demonstrate that the conflicting needs of economic development
and  population growth are not likely to be reduced in the future.  



Page -44-© 2000  Economic & Policy Resources, Inc., Williston, Vermont 802-878-0346

Appendices

Appendix A: The REMI Model

Appendix B: Forecast Methodology Bibliography

Appendix C: General Regression Analysis and The SPOP Model

Appendix D: Statistical Notes

Appendix E: Town Estimates



 

Prepared by Economic & Policy Resources, Inc. – Williston, VT 05495                                                
 

Page -47-

Appendix A: The REMI Model 
 
 

The REMI model is a structural model, meaning that it clearly includes 
cause-and-effect relationships.  The model shares two key underlying 
assumptions with mainstream economic theory:  households maximize 
utility and producers maximize profits. 

 
In the model, businesses produce goods to sell to other firms, consumers, 
investors, governments and purchasers outside the region.  The output is 
produced using labor, capital, fuel and intermediate inputs.  The demand 
for labor, capital and fuel per unit output depends on their relative costs, 
since an increase in the price of any one of these inputs leads to 
substitution away from that input to other inputs.  The supply of labor in 
the model depends on the number of people in the population and the 
proportion of those people who participate in the labor force.  Economic 
migration affects the population size.  People will move into an area if the 
real after-tax wage rates or the likelihood of being employed increases in a 
region. 

 
Figure 9.  Model Overview 

                Supply and demand 
for labor in the model 
determines the wage 
rates.  These wage 
rates, along with 
other prices and 
productivity, 
determine the cost of 
doing business for 
every industry in the 
model.  An increase 
in the cost of doing 
business causes 
either an increase in 
price or a cut in 
profits, depending on 
the market supplied 
by local firms.  This 
market share 
combined with the 
demand described 
above determines 
the amount of local 
input.  Of course, the 
model has many 

 

   Wages, Prices & Profits 

     Labor & Capital Demand

Output

Population & 
Labor Supply Market

Shares
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other feedbacks.  For example, changes in wages and employment impact 
income and consumption, while economic expansion changes investment 
and population growth impacts government spending. 

 
Figure 9 is a pictorial representation of the model.  The Output block 
shows a factory that sells to all the sectors of final demand as well as to 
other industries.  The Labor and Capital Demand block shows how labor 
and capital requirements depend on both output and their relative costs.  
Population and Labor Supply are shown as contributing to demand and 
wage determination in the product and labor market.  The feedback from 
this market shows that economic migrants respond to labor market 
conditions.  Demand and supply interact in the Wage, Price and Profit 
block.  Once prices and profits are established, they determine market 
shares, which along with components of demand, determine output. 

 
The REMI model brings together all of the above elements to determine 
the value of each of the variables in the model for each year in the 
baseline forecasts.  The model includes all the inter-industry relationships 
that are in an input-output model in the Output block, but goes well beyond 
the input-output model by including the relationships in all of the other 
blocks shown in Figure 9. 

 
In order to broaden the model in this way, it was necessary to estimate 
key relationships.  This was accomplished by using extensive data sets 
covering all areas of the country.  These large data sets and two decades 
of research effort have enabled REMI to simultaneously maintain a 
theoretically sound model structure and build a model based on all the 
relevant data available. 

 
The model has strong dynamic properties, which means that it forecasts 
not only what will happen, but when it will happen.  This results in long-
term predictions that have general equilibrium properties.  This means that 
the long-term properties of general equilibrium models are preserved 
without sacrificing the accuracy of event timing predictions and without 
simply taking elasticity estimates from secondary sources. 

 
 

Understanding the Model 
 

In order to understand how the model works, it is critical to know how the 
key variables in the model interact with one another and how policy 
changes are introduced into the model.  To introduce a policy change, 
begin by formulating a policy question.  Next, select a baseline forecast 
that uses the baseline assumptions about the external policy variables and 
then generate an alternative forecast using an external variable set that 
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includes changes in the external values, which are effected by the policy 
issue. 

 
Figure 10 shows how this process would work for a policy change called 
Policy X. 

 
In order to understand the major elements in the model and their 
interactions. Subsequent sections examine the various blocks and their 
important variable types, along with their relationships to each other and to 
other variables in the other blocks.   The only variables discussed are 
those that interact with each other in the model.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variables determined outside of the model include: 
     

•  Variables determined in the U.S. and world economy (e.g., demand for 
computers). 

•  Variables that may change and affect the local area, but over which the 
local area has no control (e.g., an increase in international migration). 

•  Variables that are under control of local policy (e.g., local tax rates). 
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For simplicity, the last two categories are called policy variables.  Changes 
in these variables are automatically entered directly into the appropriate 
place in the model structure.  Therefore, the diagram showing the model 
structure also serves as a guide to the organization of the policy variables 
(see Figure 11). 

 
Output Block 

 
The Output Block variables are: 

 
•  State and Local Government Spending 
•  Investment 
•  Exports 
•  Consumption 
•  Real Disposable Income 

 
These variables interact with each other to determine output and also 
depend on variable values determined in other blocks as follows: 

 
Variable in Output Block Variables Outside of the 

Output Block that are Included 
in its Determinants 

 
State and Local Government   Population 
Spending Investment Optimal Capital Stock (also the 

actual capital stock) 
Output Share of Local Market (The 

proportion of local demand 
supplied locally, called the 
Regional Purchase Coefficient) 

Exports The Regional Share of 
Interregional and International 
Trade 

Real Disposable Income Employment, Wage Rates and 
the Consumer Expenditure Index 

 
Labor and Capital Demand Block 

 
The Labor and Capital Demand block has only three types of key 

variables: 
 

•  Employment – determined by the labor/output ratio and the output in 
each industry, determined in the Output block. 

•  Optimal Capital Stock – depends on relative labor, capital and fuel 
costs and the amount of employment. 

•  Labor/Output Ratio – depends on relative labor, capital and fuel costs. 
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Simply put, if the cost of labor increases to the cost of capital, the labor 
per unit of output falls and the capital per unit of labor increases. 

 
Population and Labor Supply Block 

 
The model predicts population for 600 cohorts segmented by age, 
ethnicity and gender.  This block also calculates the demographic 
processes – births, deaths and aging.  The models deals with different 
population sectors as follows: 

 
•  Retired Migrants are based on past patterns for each age cohort 65 

and over. 
•  International migrants follow past regional distributions by country of 

origin. 
•  Military and college populations are treated as special populations that 

do not follow normal demographic processes. 
•  Economic migrants are those who are sensitive to changes in quality of 

life and relative economic conditions in the regional economies.  The 
economic variables that change economic migration are employment 
opportunity and real after-tax wage rates. 

 
This block allows a determination of the size of the labor force by 
predicting the labor force participation rates for age, ethnicity and gender 
cohorts, which are then applied to their respective cohorts and summed.  
The key variables that change participation rates within the model are the 
ratio of employment to the relevant population (labor market tightness) 
and the real after-tax wage rates. 

 
Wage, Price and Profit Block  

 
Variables contained within the Wage, Price and Profit block are: 

 
•  Employment Opportunity 
•  Wage Rate 
•  Production Costs 
•  Housing Price 
•  Consumer Price Deflator 
•  Real Wage Rate 
•  Industry Sales Price 
•  Profitability 

 
The wage rate is determined by employment opportunity and changes in 
employment demand by occupation for occupations that require lengthy 
training.  The housing price increases when population density increases.  
The Consumer Expenditure Price Index is based on relative commodity 
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prices, weighted by their share of US nominal person consumption 
expenditures.  The model uses the price index to calculate the real after-
tax wage rate for potential migrants that includes housing price directly, 
while the price index used to deflate local income uses the local sales 
price of construction. 

 
Wage rates affect production costs, as well as other costs, and they in turn 
determine profitability or sales prices, depending on whether the type of 
industry involved serves mainly local or external markets.  For example, a 
cost increase for all local grocery stores results in an increase in their 
prices, while an increase in costs for a motor vehicle factory reduces its 
profitability of production at that facility by may not increase their prices 
worldwide. 

 
Market Shares Block 

 
The Market Shares Block consists of: 

 
•  Share of Local Market 
•  Share of External Market 

 
An increase in prices leads to some substitution away from local suppliers 
towards external suppliers.  Also, a reduction in profitability for local 
factories leads to less expansion of these factories relative to those 
located in areas where profits have not decreased.  These responses 
occur because the US is an open economy where firms can move to the 
area that is most advantageous for their business. 

 
The Total Model 

 
Figure 11 illustrates the total model and its components and linkages.  
This diagram is helpful in order to understand the complex relationships 
shared by variables within the various blocks discussed above, as well as 
their relationship to variables in other blocks. 
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  Figure 11.  The Total REMI Model 
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Appendix B: Forecast Methodology Bibliography
These studies were consulted as part of the research into the issues in
forecasting methodology.  The central issue in forecasting concerns 
accuracy, accuracy in the actual forecast and accuracy differences among
methods.  The general conclusion from this research is that:

• There is no empirical evidence that supports the theory that
complex forecasting models are more accurate than simpler
models

• Forecast accuracy is impacted by the length of the forecast horizon
and the length of the base period used to forecast from

• Size and growth rates of areas also impact forecast accuracy.
Large, slow-growing areas tend to show less error than small, fast-
growing areas.
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Appendix C: General Regression Analysis and
The SPOP Model: Small Area Population Projection

The following appendix is intended to give the reader a more
comprehensive explanation of the general regression analysis and SPOP
model used in estimating Chittenden County population and employment
projections from 2000-2035.  

General Regression Analysis

General regression analysis is a common tool used by economists and
statisticians and is the basis for the SPOP model. This tool examines the
relationship between a dependent variable and one or more independent,
or explanatory variables.  More specifically, general regression analysis
examines the mathematical relationship between the dependent and
independent variables.  The mathematical relationship is represented by
the equation for the line that best fits the data.  The equation is
determined by a mathematical procedure known as ordinary least squares
method.24

The basic principle of the ordinary least squares method is to estimate a
line that minimizes the sum of the squared errors of the line.  The error is
defined as the numerical distance from the expected or predicted value
given by the equation and the actual, observed value of the data.  The
standard equation for a simple, two variable regression function is:

Y x= +β β0 1

where β0  is a constant or the intercept of the line and β1 is the slope of the
line.  If a line could be computed that would exactly hit every data point,
then the equation for the line could be computed exactly.  This, however,
is not the case in reality.  A line must be found then, that fits the data as
best as possible.  This is how error is introduced into the equation.  Since
there will always be some deviation of the predicted values of Y and the
observed values of Y, an accounting of this error must be made in the
estimation of the equation.  The equation for the line then becomes:

Y x ei= + +β β0 1

The method of ordinary least squares then determines the equation for
the line that minimizes the sum of the squared errors.  The errors are
squared and summed, rather than just summed, because the values of
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the unsquared errors sums to zero.  This is due to some of the error terms
being larger than the observed values and some error terms being smaller
than the observed values.  

The arithmetic procedure for determining the values of β0 and β1 that yield
the best-fitting line are:

β β0 1= −Y X

and 

β1 2=
− −

−
∑

∑

( )( )
( )

X X Y Y
X X

i i

i

Once a line equation has been estimated, it is necessary to see how well
that line fits.  Does there appear to be a strong relationship between Y
and X or is there very little relationship?  This test is done by means of the
R2.  The R2 is the coefficient of determination and is calculated thus:

 R2 =   TV - UV 
   TV  

where TV is equal to the total variation for the observed variables, or the
total sum of squares; UV is the unexplained variation or the error sum of
squares.  The other component of the total sum of squares is the
explained variation, or the sum of squares due to regression.  As the total
error is made of error that can be explained by the regression function and
error that is purely random, the ratio of the explained variation to the total
variation gives a measurement of how well the regression equation is at
explaining the relationship between the two (or more) variables.

As the R2 is a ratio of the explained variation to the total variation, its value
lies between 0 and 1, with 0 meaning that there is absolutely no
relationship and 1 meaning that there is a perfect relationship between
them.  Most regression analysis falls somewhere in between.  There is no
set figure needed for the R2, however, to be certain that the R2  is
significant, there is a statistical test of significance that can be done. 

Using as the null hypothesis that the R2 is not significantly different from 0,
then a test statistic following the F distribution, d.f = k-1, n-k can be done. 
The F statistic is computed as:

F = R2 /(k-1)
      (1-R2 )/(n-k)



25 Gabbour, Iskandar. 1993. “ SPOP: Small-Area Population Projection.”.  In R. E. Klosterman, R. K.  
                    Brail and E. G. Bossard (eds) Spreadsheet Models for Urban and Regional Analysis. Center  
               for Urban Policy Research, New Brunswick, New Jersey, pp 69-84.
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If the computed F statistic is greater than the critical value of F at the
chosen significance level, then the null hypothesis can be rejected, the R2

is significantly different from 0.  

While the general regression equation for a line shown in this section is
linear both in the parameters and in the variables, it can also be used for
equations that are not linear by transformation of the variables.  The
basics of these procedures are explained in the following section detailing
the SPOP model.

The SPOP Model

The SPOP Model is a small-area population projection forecasting
model.25  The SPOP model projects population for smaller areas using the
percentage shares of the small areas to a larger area.  This is
accomplished by projecting the total population for the larger area and
projecting the percentage share of that total population for each of the
smaller areas.  The SPOP model uses a set of six regression equations to
find the equation that produces the best- fitting line for each of the smaller
area’s data.  The best-fitting equation is chosen based upon the R2s for
each equation in each area.  The model consists of seven basic steps,
which are outlined below.

Step 1:This step involves computing the percentage shares for each of
the small areas   within the larger area.  The model can accommodate up
to six separate    regions, the sum of which are considered to be the larger
region.  The sum of    the total region is divided into the separate totals for
each smaller area to obtain    a percentage share of each small region in
relation to the larger region for each    time period.  There are six time
periods, equally spaced, used for each small    area.

Step 2: The small areas’ percentage shares and the total region’s data are
then analyzed using six regression functions to identify the best-fitting
equation and the parameters of those equations.  The six equations are:
1) linear function, 2) power function, 3) exponential function, 4) modified
exponential function, 5) Gompertz function and, 6) logistic function.  A
detailed mathematical description of the six functions follows below.  The
modified exponential, Gompertz and logistic functions are asymptotic.

1) Linear Function: ; x = year, y = small area share, n =y a bx= +
number of observations
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2) Power Function: .  The function is first converted to a linear y axb=
form by taking the logarithm of both sides, which results in:

log y =  log a + b(log x)

This can then be rewritten using capital letters to equal the log of the
values:

Y = A + bX

This function is then identical to the first linear function, so that the
parameters for this function are:

 A X Y Y X
X n X

= − ∑∑∑∑

− ∑∑

2

2 2( )

b XY X Y n
X X n

= − ∑∑∑

− ∑∑

( / )
[( ) / ]2 2

where: X = logarithm of year
Y = logarithm of small area share
n = number of observations

The parameter a is then calculated by raising the base 10 to the power A, 
a = 10A.

3) Exponential Function: y = abx.  This function can also be converted to
linear form with the application of logarithms, so that:

log y = log a + (log b)x

Again, using capital letters to represent the logarithm of the parameters
gives the linear function:

Y = A + Bx

The parameters are then computed with the following formulas:
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with parameter definitions of: x = year
Y = logarithm of small area share
n = number of observations

As with the power function, the a and b parameters are then computed by
raising the base 10 to the A and B powers, a = 10A and b = 10B.

4) Modified Exponential Function: y = k + abx  For this function, the
observations are divided into three subgroups containing the same
number of observations.  The parameters are found by computing:

b n y y
y y

=
−∑∑

∑ −∑

3 2

2 1

a y y b
b bn= ∑ − −

−
∑( )

( )2 1 2

1
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=
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where: = sum of values in ith subgroupi y∑

n = number of values in each subgroup

5) Gompertz Function: .  This function also uses logarithms toy ka bx

= ( )

solve for a and k, substituting A for log a and K for log k.  The parameters
are computed according to the following formulas:

b n Y Y
Y Y

= ∑ −∑
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3 2

2 1

A Y Y b
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where: = sum of logarithms of values in ith subgroupi Y∑

n = number of values in each subgroup

The a and k parameters are then found by raising the base 10 to the A
and K powers, a = 10A and k = 10K.

6) Logisitic Function: .  The parameters for this functiony k abx− −= +1 1

are found with the following computations:

b n y y
y y
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where:  = sum of the inverses of values in ith subgroupi y−
∑

1

n = number of values in each subgroup

Step 3: Once the values for all the parameters for each of the six
functions are obtained, then six sets of estimates for each small area and
the total region are computed.  As the time periods for the observations
are equally spaced, an index number can be substituted for x (the years). 
This functions correctly as long as an index number is used for the
projection year as well.

Step 4: To identify which function yields the best-fitting line for each small
area and the total region, the R2 is computed and the equation yielding the
highest is chosen for that area.

Step 5: The best-fitting equation chosen in Step 4 is used to project each
small area’s share and the total region’s population for projection year. 
The projection year, coded into an index, is placed back into each small
area’s chosen equation.  The coefficients are determined from the
equations in Step 2, so the result is the projected share of the total
population for each small area and the total population for the region.

Step 6: As the results for the percentage share projections are estimates,
it is possible that the total of all the small area’s percentage shares do not
equal one hundred percent.  This makes it necessary to adjust each small
area’s percentage share.  The adjustment factor applied is calculated by
dividing one hundred by the total of the projected shares.  For example, if
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the total of all the small area’s percentage shares equals 99.27, then the
adjustment factor is equal to 100 divided by 99.27, or 1.0074.  Each small
area percentage share is then multiplied by this adjustment factor.  The
adjusted percentage shares of all the small areas now total one hundred.

Step 7: The actual projected population for each small area is then
calculated by applying each projected percentage share for each small
area to the total region’s projected population.   



26 Gujarati, Damodar.  1999.  Essentials of Econometrics, 2nd Edition.  Irwin-McGraw Hill. Chapter 4.
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Appendix D: Statistical Notes

This section is intended to provide the reader with further details on the
R2's and confidence levels of the forecasted Chittenden County variables. 
Confidence intervals are provided for Chittenden County total employment
and total population as an example.  

The confidence level employed for all statistical projections was 95%. This
is a standard setting for confidence levels and confidence intervals in 
statistics and econometrics.  The confidence level has to do with the
precision and accuracy of the estimated statistic based on standard
sampling procedures and has as its basis the properties of probability
distributions.  What essentially a confidence level says, is that the
probability that the interval calculated contains the true mean of an
estimated statistic is 0.95.26  Precision and accuracy in statistics are
inversely related.  In other words, a confidence interval may be calculated
at the 95% level, but it may seem rather wide.  It is possible to calculate a
narrower confidence interval, but then the confidence level would go
down.  So that the probability of the true mean of the statistic being found
in the interval would drop from 0.95 to 0.90 or lower, depending on the
calculations.  So in essence, to be more sure, the interval has to be wider
and conversely, if the level of certainty goes down, then the interval can
become narrower.

Confidence intervals are constructed using the following formula:

Yi - (standard error of Yi)(critical t) < Yi |Xi  < Yi + (standard error of Yi)(critical t)

where:   Yi is the estimated value and Xi is the chosen level of the  
                         independent variable (in these forecasts, the years)

    the standard error of Yi is calculated 
    the critical t is a factor obtained from statistical tables of     

                         the t distribution and chosen based on the confidence    
                         level

The formula for the standard error of Yi is:

the square root of: σ2(1/n + (Xi - Average of X)/ sum of squared  
                                                                                      deviations of all X    
                                                                                      from average X

where σ2 is the variance of the estimated regression function.

So the confidence interval is not only a function of the confidence level,
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but a function of the standard error of the estimated statistic.  The
standard error contains within it not only the variance of the total data set,
but the effect of the size of the data set and the variation found within the
independent variable, X.  

As detailed in Appendix C, the R2 is a measure of fit of an estimated line
to the data set.  In general regression analysis, the line is assumed to
have error, as it is in reality highly unlikely that there will exist a perfectly
correlated relationship between the dependent and independent variables. 
Therefore, the “error” or deviation of the line from the data set, is
measured in by the total sum of squares, which is the magnitude of the
deviation of the dependent variable from its mean.  The total sum of
squares, or total error, is broken into two parts, the error, or deviation
explained by the regression line and the error, or deviation not explained
by the regression line, or residual error.  The error due to the regression
line, or sum of squares error due to regression, is measure of the
deviation of the estimated dependent variable from the actual dependent
variable mean. 

Table 8.  R2 for Forecasted Chittenden County Employment Variables

Variable           Forecast Method R2

Non-Manufacturing SPOP 0.9441

Government SPOP 0.9569

Farm SPOP 0.8727

Manufacturing NA NA

Agricultural Services, Forestry &
Fishing

GRA 0.8911

Services GRA 0.8489

Mining & Construction NA NA

Transportation & Public Utilities SPOP 0.8455

Finance, Insurance & Real Estate GRA 0.9310

Wholesale GRA 0.8269

Retail GRA 0.9056

Notes:

NA = Not applicable

GRA = General Regression Analysis

Prepared by Economic & Policy Resources, Inc. - Williston, VT 05495

The error due to the residual or sum of squares error, is the error of the
estimated dependent variable from the actual observed dependent
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variable.  The R2 is a ratio of the sum of squares regression to the total
sum of squares.   As the R2 is a ratio, the closer the number is to 1, the
more of the error is explained by the regression line, and therefore, the
better the regression line fits the data set.

Table 8 shows the R2's for all the estimated variables at the Chittenden
County level (statistics for the sub-county region population projections
are found in Appendix E with the town level estimates).

As an example, the following confidence intervals were constructed for the
projected Chittenden County total employment and total population.  The
confidence intervals are constructed at the 2035 point, as it is the
estimation point furthest from the mean of the X’s, which in this case is
time, so the confidence intervals are at their widest.

Table 9.  Confidence Intervals for Chittenden County Total Employment and  
                Population

Variable Forecast
Method

R2 Confidence Interval CI as Percent

Total
Employment

SPOP 0.9247 (201.559, 243.699) +/- 9.5%

Total
Population

SPOP 0.9714 (226.157, 275.439) +/- 9.8%

Prepared by Economic & Policy Resources, Inc. - Williston, VT 05495

The interpretation of these confidence intervals is then, there is a 95%
probability that the actual value of the forecasted total employment or total
population forecast is found between the two numbers listed in the
parentheses. 
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Appendix E: Town Estimates

This appendix is intended to provide some disaggregated population
projections for the member communities.  First, a note of caution
concerning the estimates is necessary.  When projecting for such small
areas, while the level of confidence is the same used as for the other
Chittenden County projections, the confidence intervals are on the whole,
quite wide and therefore the projections should be used with extreme
caution.  As the forecast period is thirty-five years into the future, many
events can affect a town’s population growth.  General economic
conditions affect the county as a whole, and therefore each community. 
Policy changes at the state, county and neighboring community level also
have an impact on an individual community.  Therefore, these population
forecasts are made based on historic patterns and represent a ‘status
quo’ projection.  Other factors, such as birth and natality rates, also affect
population growth and cannot be accounted for when looking at historic
patterns.  With this caveat in mind, the town level population projections
are shown in Table 10.  Confidence intervals for the estimates are shown
in Table 11.

While most of the town projections were made using general regression
analysis, satisfactory results could not be obtained for Burlington,
Winooski, and Williston with this method.  For the towns that were
estimated using general regression analysis, an projection for 2000 was
made in the same fashion as for the sub-county regional projections,
namely the average growth rate from the 1990-1998 Census estimates
was used to grow the estimate from 1998 to 2000.  Then, this estimate
was used in the general regression analysis to incorporate a more
accurate picture of the recent past into the regression function.

For Burlington and Winooski, the historic patterns in the shares of these
two towns were compared in a different fashion.  The average change in
share was calculated for the period 1940-2000, using the average change
in share of these towns as a percent of the sub-county region from each
Census period to the next.  Then, the change in share from each Census
period was averaged to obtain an average for the whole historic time
period.  This average change in share was used to grow the 2000 share
to each of the forecast time points.  Therefore, a confidence interval
cannot be calculated for these communities.

Williston is calculated simply as a residual from the Region 2.  After
projecting Colchester and Essex, the remainder is attributed to Williston.

As can be seen from the table, Bolton, Huntington, Buel’s Gore and
Underhill have been aggregated for forecast purposes.  This has been
done so as to allow for the use of general regression analysis to project
population.  
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Table 10.  Town Population Projections
2000 2005 2010 2015 2020 2025 2030 2035

Burlington  40.295 40.663 40.738 41.006 41.614 42.283 42.892 43.301
South
Burlington  14.362 15.240 16.036 16.936 18.014 19.168 20.344 21.484
Winooski  6.797 6.916 6.988 7.096 7.265 7.448 7.625 7.771
Colchester 16.798 18.269 20.015 22.007 24.389 27.050 29.955 32.980 
Essex 18.736 21.163 23.053 25.177 27.744 30.584 33.648 36.842
Williston    7.249 7.902 8.828 9.837 11.011 12.293 13.602 14.973
Bolton/
Huntington/
Buel’s
Gore  6.112  6.724  7.461 8.217  9.325 10.471 11.738 13.643
Charlotte 3.735 3.905 4.213 4.503 4.955 5.396 5.854 6.592 
Hinesburg/
St. George 5.175  5.807 6.477 7.188 8.192  9.260 10.420 12.181
Jericho 5.171 5.939 6.635 7.356  8.399 9.484  10.689 12.485
Milton 10.339 11.893 13.411 14.992 17.250 19.619 22.257 26.155
Richmond 4.271 4.689 5.069 6.082 5.988 6.523 7.075 7.948 
Shelburne   7.091 7.672 8.425 9.172 10.271 11.390 12.593 14.442
Westford 2.164 2.216 2.411 2.607 2.906 3.202 3.520 3.654

Prepared by Economic & Policy Resources, Inc. - Williston, VT 05495



Table 11.  Confidence Intervals for Selected Chittenden County Projections - 2035

Variable Projection Method5 Projection R2 Confidence Interval C.I. As Percent
Total Employment SPOP 222.629 0.9247 (201.559, 243.699) +  9.5%
Total Population SPOP 250.798 0.9714 (226.157, 275.439) +  9.8%
County Sub-Region 1 GRA 72.556 0.9261 (65.884, 79.228) +  9.2%
   Burlington Other 43.301 NA NA NA
   South Burlington GRA 21.484 0.9498 (22.202, 25.453) +  7.6%
   Winooski Other 7.771 NA NA NA
County Sub-Region 2 GRA 84.795 0.9166 (66.524, 103.271) +  21.5%
   Colchester GRA 32.980 0.8326 (23.261, 42.699) +  29.5%
   Essex GRA 36.842 0.9127 (28.515, 45.169) +  22.6%
   Williston Other 14.973 NA NA NA
County Sub-Region 3 GRA 93.447 0.8088 (68.418, 118.476) +  26.8%
   Bolton/Huntington/ Buel's 
Gore/Underhill GRA 13.643 0.5085 (8.461, 18.825) +  37.9%
   Charlotte GRA 6.592 0.8119 (5.013, 8.171) +  24.0%
   Hinesburg/St. George GRA 12.181 0.7998 (9.058, 15.304) +  25.6%
   Jericho GRA 12.485 0.8582 (9.927, 15.043) +  20.5%
   Milton GRA 26.155 0.8531 (19.634, 32.676) +  24.9%
   Richmond GRA 7.948 0.9923 (7.574, 8.322) +  4.7%
   Shelburne GRA 14.442 0.8651 (11.846, 17.038) +  17.9%
   Westford GRA 3.654 0.9151 (2.972, 4.336) +  18.7%

Notes:

[2] All confidence intervals are calculated at the 95% level.

Prepared by: Economic & Policy Resources, Inc. - Williston, VT 05495

[1] Confidence intervals are given for 2035 as at the last projection point, confidence intervals are at their widest.

[3] SPOP = Small Area Population Projection Model; GRA =  General Regression Analysis.  


