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1. BACKGROUND 

1.1 Policy and Research Motivation 
Objective.  The Federal Highway Administration continues to explore methods and 
approaches for calculating the value of highway investment in terms of its wider impacts 
on jobs, worker compensation and productivity.  While there is ultimately interest in 
understanding the aggregate impact of highway investment at a national level, there is 
also a clear need to understand how various types of highway improvement can affect 
accessibility and ultimately lead to wider economic impacts and benefits observable at a 
more localized level.  This is particularly important because changes in the types of 
highway projects being funded, and changes in the locational context or setting of those 
funded projects, can together lead to shifts over time in the nature of observed economic 
benefits and impacts at both local and national levels.   
 
There is no simple way to simultaneously capture both localized and national-level 
impacts of highway improvements.  Sometimes, local-level observation can be useful as a 
way to observe highway effects on the reorganization of activities, particularly when such 
effects can ultimately generate access and productivity benefits that are not directly 
observable from national level economic models, metrics or datasets.   Yet there can also 
be cases where highway projects lead to productivity benefits some distance away, that 
are not observable in the vicinity of the project itself. And of course, some localized 
economic impacts may merely reflect shifts in activity location with no real national 
benefit. 
 
While no single data source or level of observation can simultaneously capture all forms 
of economic impact or benefit at all levels of spatial detail, a more complete story about 
the nature of highway investment impacts can potentially be drawn via effort to more 
comprehensively examine the ways that highway projects affect the expansion of 
economic activities at different spatial levels.  With that goal in mind, FHWA 
commissioned this study as a pilot attempt to explore a new source of data that can 
potentially shed light on these relationships.   
 
Study Logic.  This paper discusses use of the Longitudinal Employer-Household Dynamics 
(LEHD) data and its use for assessing the economic value of highway investments.  It 
describes findings from a research effort that utilized LEHD data to measure how new 
highway investments lead to subsequent effects on patterns of job and income creation. 
A description of the  LEHD dataset is provided in the box which follows.   
 
The key aspect of this dataset is that it enables time series tracking of household and 
business locations and income patterns. That information can be used to observe shifts in 
the locations of households, businesses and commuting patterns, as well as shifts in jobs 

1 
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and income levels by residence location or business location. And with the addition of 
data on changes in travel characteristics over time, it becomes possible to relate those 
observed economic activity shifts to changes occurring in travel times and access patterns 
that were caused by completion of the transportation projects.   
 
 
  
Summary of Longitudinal Employer-Household Dynamics (LEHD) Dataset.  The LEHD 
dataset is a US Census product that matches household socio-demographic and worker data 
on households (from Census files such as the Master Address List and population data files) 
with corresponding employer location/wage data (provided in state ES-202 employment 
security files), and regional labor market data.  It also incorporates a variety of other census 
and IRS data sources, also matched by worker.  This creates a dataset that tracks patterns of 
households and employment, in terms of their locations, income and industry occupation 
characteristics, commuting patterns, and changes in them over time.  And it does so with 
nearly universal coverage due to the fact that it is based on administrative sources.  The 
LEHD includes: 

 Residential Area Characteristics database: households and residents by location 
(census tract and block), with detail on age, wage income, education level, ethnicity 
and employment sector (up to 22 industries, representing 2-digit NAICS); 

 Worker Area Characteristics database: workers by location (census tract and block 
detail), with detail on employment sector (up to 22 industries, 2-digit NAICS) and 
worker wages (income). 

 Work-Residence Matching: counts and characteristics for every pairing of worker 
location and residence location (with locations at the census tract or block level, but 
industry, age and wage characteristics aggregated to broader groups). 

The result is a time series dataset that can simultaneously track; (a) the relationship of 
housing and employment locations at a high level of spatial detail, (b) spatial movement of 
household and job relocations over time, and (c) shifts in commute distances and patterns.  
It also contains information on wage levels that can be used to measure how wages vary 
with differences in residence and business location and commute patterns and highway 
access.  And the broad national coverage also enables controlling for broader underlying 
trends through comparison to broader areas or other matched areas. (That is referred to as 
“time-series, cross-sectional analysis.”)  
 
For this study of highway access impacts, the following types of data are drawn from the 
LEHD:  

 spatial detail concerning home and work locations and associated commuting 
patterns (at the level of census tracts or blocks or TAZs); 

 household/worker detail on age, wage and workplace industry classification 
(at the level of actual wages and NAICS codes for workplaces); and 

 temporal detail on how spatial and worker details have changed over time 
(covering a period of a decade or more). 

 



White Paper: Assessing the Economic Value of Highways Using LEHD Data  
 

Economic Development Research Group and Cambridge Systematics                Page 4 

Desired Outcomes.  From the perspective of FHWA, this line of data analysis should 
enable observations (and statistical analysis) regarding the extent to which highway 
projects are affecting income levels and patterns, and the clustering or dispersion of 
household and business location patterns.  The key questions that arise are:  

 To what extent do projects that enhance highway system capacity or performance 
subsequently lead to dispersion, concentration or shifting of the locations of 
residential and business activities?   

 To what extent are the observed location shifts associated with increases in 
employment generation and income levels, as indicators of economic productivity 
and growth? 

 How does the type of project and local setting (transportation or economic context) 
make a difference? 

Organization of Discussion.  This paper is organized into three parts.  It starts with a 
review of theory and research regarding ways that transportation improvement projects 
can affect job and workforce access and ultimately lead to changes in economic growth 
and productivity.  The terms are defined, their relationships are explained and available 
data metrics are discussed.  

The paper then presents findings from a research effort that utilized the LEHD dataset to 
measure the effects of recent highway projects on travel times, access patterns and 
economic activity occurring in selected metropolitan areas.  The relationship of job and 
income growth to transportation access change is highlighted. 

Finally, the paper presents a plan for further research that can make use of more refined 
versions of the LEHD dataset to shed greater light on the efficiency and effectiveness of 
future transportation policies and investments.   

1.2 Research Literature and Theory 

(A). Definition of Terms and Concepts  

It is first useful to define terminology.  While there are many dimensions of benefits that 
can occur from transportation investments, from an economic perspective they may be 
classified into three groups:  

1) Traveler savings:  the value of reductions in time and/or expense for existing 
travelers who may realize faster, safer and/or more direct movement;  

2) Non-traveler economic benefits: business operating “economies” enabled by the 
ability of businesses to: (a) access broader markets for workers, suppliers or 
customers, (b) obtain technology or knowledge spillover benefits from access to 
complementary business activities located nearby; or (c) obtain greater schedule 
reliability for workforce and shipments; and  
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3) Other societal benefits: broader societal benefits associated with household 
access to broader work, shopping and recreation opportunities, and possibly also 
a cleaner living environment. 

 
Productivity.  The class “1” and “2” benefits can represent direct savings in cost to 
households and businesses, allowing them to accomplish the same activities and products 
at a lower cost.  The class “2” benefits may also allow businesses to expand the 
magnitude of output produced (and associated revenue) per unit of cost.   Both classes of 
benefits can thus increase economic “productivity”, which is defined as the ratio of 
output (revenue) produced per unit of input (e.g., per worker or per investment cost).   
 
Competitiveness and Growth.  In plain English, these two classes of benefit increase 
economic productivity in the affected area, and that makes the area more competitive as 
a site for expansion of existing industries and attraction of new ones.  That typically leads 
to greater economic growth over time, which may be measured by an increase in jobs or 
income or value generated in the affected area (which may be represented by an increase 
in wages or value added or an equivalent measure: gross domestic product).  However, 
the increase in economic growth may appear smaller at a state or national scale than at a 
local scale.  The reason is that business relocation can cause one area to gain economic 
activity partially at the expense of another area, though the net across all areas is still 
positive.  The net economic growth across the broader span of areas is a reflection of the 
core productivity gain.   
  

 (B). Transportation Access and Productivity at Different Spatial Scales.   

To assess how transportation investments can affect income growth, it is first useful to 
note that the process of value creation can be observed and measured at different spatial 
scales.  We can view three relevant lines of policy-related research, each operating at a 
different spatial level (national, regional and local), and providing a different type of 
insight and facing a different set of limitations.  Each is critically reviewed, and needs for 
convergence between those lines of research are then discussed. 
 
At the national level, there have been statistical studies that used time series data to 
relate growth of national economic output to highway “capital stock” (a monetized 
measure of the amount of highways available, derived to calculating accumulated 
investment, net of depreciation).   Those studies by Nadiri, etc. (1) have shown a positive 
relationship, and that information has been used to help demonstrate that funding 
highway investment supports economic growth.  One issue surrounding those studies has 
been that many of them also show that the positive effects have tended to diminish over 
time, though there is debate about the reason why.  It has been noted that there have 
been changes in the nature of transportation projects and their locations, as well as real 
(inflation-adjusted) costs of highway construction, which make it difficult to identify the 
reasons for those shifts over time.  But more fundamentally, these aggregate measures 
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do not provide insight into ways that different types of transportation spending, in 
different types of situations, can lead to different types or magnitudes of impact on 
economic growth.  In other words, they can help justify transportation funding, but they 
provide little insight to assist in refining program, policy or project priorities. 
 
At the regional level, there has been a long history of research and theory development, 
going back a century to Marshall (2) regarding the relationship between market access 
(enabled by transportation system enhancement), economic productivity and growth.  
More recently, Krugman (3) developed the theory regarding why many industries tend to 
cluster “in areas where they can gain access to larger pools (markets) of workers, 
suppliers and/or customers, enabling increasing returns to scale.”  This effect, known as 
“agglomeration economies,” can reflect not only production scale economies (spreading 
fixed cost over a wider base to reduce unit cost), but also further operating economies 
associated with enhanced access to “differentiated inputs” (i.e., cost and quality benefits 
associated with a better match of available labor and materials to specialized needs) and 
“knowledge spillovers” (information and technology advantages enabled by clustering of 
businesses with similar or complementary skill requirements)(4).  
 
At a localized urban level, a substantial share of employment growth has tended to occur 
in relatively dense clusters (or along spines) that represent office, manufacturing or 
shopping districts. Some of this clustering is attributable to zoning restrictions elsewhere, 
and some is due to the efforts of office park, industrial park and shopping center 
developers.  Yet businesses would not choose to locate in those areas and would not 
grow there unless there was also some comparative cost or revenue advantage in doing 
so.  And quite often, the office, industrial and retail activities tend to grow most at 
locations that have access to a greater “effective density” of labor market access and/or 
customer market access (where “effective density” represents a measure of the size of 
the labor or customer base that can most easily access a given business zone).  
 
The level of access to (and thus the effective density of) these markets is increased when 
networks of roadways and transit services are expanded and their travel time 
performance attributes are enhanced. And that can lead to greater business productivity 
in the benefitting areas, which is ultimately reflected in employment and income growth 
there.  So in the context of a growing metropolitan area, we can expect local economic 
growth data (such as the LEHD data, discussed in this report)  to show disproportionate 
growth of employment in areas where labor market access has been enhanced or was 
already high. 
 
There are several lines of past research that support the expectation of employment and 
income growth as market access improves.  This includes a 1998 Journal of Transportation 
Statistics paper which showed how the productivity of different industries varied by 
accessibility as measured by inter-regional trade flows (5).  NCHRP Report 463 measured 
productivity impacts of reducing urban traffic congestion, based on the relationship of 
productivity to travel times for commuting trips and truck deliveries (6).  A long line of 
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other research has also shown evidence of the access - productivity relationship by 
observing the rising “wage gradient” associated with home to work travel time (7, 8, 9, 
10).    And research by Graham et al in the UK has demonstrated how employment 
concentrations develop where effective density of labor markets are greatest (11), a 
finding that has also been supported by US research (12).  Finally, employment growth 
associated with completion of highway projects have been documented by pre/post 
comparisons in the “Transportation Project Impact Case Studies” (TPICS) program of the 
Strategic Highway Research Program (13).   
 
Thus, transportation benefits and impacts on economic growth may occur at all three of 
the spatial levels discussed here.  In practice, additional steps are needed to account for 
overlapping effects and spatial relocation effects.  In particular, effort is needed to discern 
the broader economic growth enabled at a regional or national level by netting out the 
observed portion of local effects that is merely due to business relocation shifts. 
 
But first, it makes sense to document observed local impacts, as they provide a starting 
basis for developing a logical and behavioral framework to observe the economic value 
generation that can be attributed to various types of transportation investment.  It is this 
need that motivates the interest in exploring use of LEHD data.  
 

 (C). Types of Clustering and Dispersion.   

There are many types of agglomeration and market access economies and growth 
attributes that follow the theory discussed above.  For instance: 

 In a growing metropolitan area, office and commercial districts tend to develop and 
grow in areas where there is enhanced road or transit access, enabling wide labor 
market and customer market access. 

 The executive functions of banking and financial service firms often cluster 
specifically in major city downtowns (though their “back office” clerical functions do 
not cluster in that way).  The reason is generally attributed to their need to access a 
large and diverse pool of workers, and the benefits of knowledge spillovers 
associated with clustering of other finance-related industries.   

 Technology-based industries, including both manufacturing and R&D functions, tend 
to congregate either in large urban centers or along major highway routes in the 
periphery of major metropolitan areas.  The reason cited tend to be a need to 
access a broad labor market with sufficient workforce having specialized technical 
skills, as well as knowledge spillovers associated with clustering of other related 
industries.   

 Warehousing and distribution centers often cluster in the peripheries of 
metropolitan areas, close to intersections of major highways.  The reason is 
generally attributed to their need for access to customer delivery markets (rather 
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than a skilled labor force), and their ability to gain scale economies that come from 
the operation of large single-floor warehouses on broad tracts of land. 

  Automobile manufacturers and parts suppliers that have opened plants in the US in 
the last two decades have tended to cluster along “auto alleys” – which are narrow 
but long highway corridors.  The reason is generally attributed to the need for auto 
assembly plants to have access to same-day truck deliveries from parts suppliers 
who concentrate along the same highway corridor, though the parts suppliers 
disperse along those semi-rural corridors supposedly to take advantage of lower 
cost labor while avoiding over-concentration of activity that could bid up labor costs 
or lead to labor shortages.  

These five examples illustrate how different elements of the economy can gain 
productivity advantages from various forms of agglomeration – all of which may be 
enabled by transportation investments.  In the first three cases, the investments may be 
any combination of transit and road networks that expand labor market access. In the 
latter two cases, the investments are typically highways that enable freight delivery 
access to a business customer base.  Other types of industry clustering and productivity 
advantage have been shown to be associated with access to intermodal terminals (12,14).   
 
In all of these cases, the effect of enhanced market access and productivity can be to 
support greater business employment and income growth.  And the LEHD database can 
be used to observe employment shifts unfolding as a response to changes in highway 
system characteristics.  The LEHD data is particularly well suited to observation of 
changes in employment and income generation as labor markets and associated 
commuting patterns shift with transportation access changes, and that is the focus of 
analysis described in Chapter 2. 

1.3 Use of LEHD Data to Address Policy Issues 
As previously noted, the LEHD dataset matches household socio-demographic and worker 
data with corresponding employer location/wage data.  This creates a dataset that tracks 
patterns of households and employment, in terms of their locations, income and industry 
occupation characteristics, commuting patterns, and changes in them over time.  When 
LEHD data is combined with data on highway network performance characteristics (and 
their change over time), we gain an ability to portray how socio-economic patterns (in 
income and employment patterns) change ifollowing shifts in highway system 
characteristics (affecting volumes, travel times and distances) as well as speed 
(time/distance) metrics. This type of analysis does not by itself prove cause and effect, as 
other factors could be occurring at the same time.  However, it does indicate a potential 
for cause and effect, which may be further verified through discussion with local 
observers.   
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This type of analysis can be used to examine five lines of analysis:  

 how residential, business and commuting spatial patterns and associated job 
generation and wage rates shift over time, given spatial variation in highway access 
conditions;  

 how new highway investments and changes in travel conditions may lead to further 
shifts in employment generation and wage rate patterns – an indicator of 
productivity change; 

 the extent to which relative income levels change when effective travel times or 
effective access densities change;  

 the extent to which employment centers (or employment density at business 
centers) grow as a result of access improvement, indicating potential agglomeration 
economies; 

 the extent to which suburban development patterns show economic efficiency vs. 
sprawl effects of highways. (Economic efficiency gains may occur when highway 
investments increase access to labor and/or job markets without increasing travel 
times.  Sprawl may occur when travel times grow at a similar or greater rate than 
market access or effective density enhancements.). 

At this time, use of the LEHD dataset for transportation policy is still in its infancy and 
none of the five preceding questions has yet been explored using LEHD data.  To date, 
most of the analysis relating to transportation has focused on use and limitations of LEHD 
data as a planning tool and source of supplemental data on commuter flows, rather than 
a policy analysis resource. (15, 16).   
 
In the policy arena, the most notable line of transportation-related research using LEHD 
data has been work sponsored by US Census Bureau’s Center for Economic Studies (CES), 
on “Job Accessibility and Spatial Mismatch.” That research project has involved Fredrik 
Andersson (Office of the Comptroller of the Currency), Henry Pollakowski (Harvard Univ.), 
Daniel Weinberg and Mark Kutzbach (US Census Bureau) and John Haltiwanger (Univ. of 
Maryland).  The project has been going on for three years so far, and has combined the 
Confidential LEHD dataset with road and transit network data from five metropolitan 
planning organizations (MPOs) to examine job opportunities and access limitations for 
low income workers (17, 18).   
 
There are several reasons for the relative lack of transportation policy research using 
LEHD data to date.  First of all, the dataset has been built up slowly over time, and has 
only recently come to cover all fifty states.  The time series coverage is also growing.  And 
finally, the level of industry and income detail available in the public use version of the 
dataset is substantially more limited than that available in the confidential dataset.  The 
CES research study (cited above) has been utilizing the confidential (research) version of 
the dataset.   
    



White Paper: Assessing the Economic Value of Highways Using LEHD Data  
 

Economic Development Research Group and Cambridge Systematics                Page 10 

The pilot research reported in this white paper used the more limited public version of 
the dataset to explore its ability to provide insight pertaining to the previously-listed 
policy questions.  The results, discussed in Section 4, confirm that the dataset can be used 
to observe changes pertaining to those questions, though the information can be far 
more useful if the confidential version can be accessed for future US DOT research.  The 
difference between these two versions, and implications for transportation policy 
research, are discussed in the Section 4 of this white paper.  
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2. ANALYSIS METHODOLOGY 

2.1 Process for Analyzing Transportation Impacts  
Methodology Objectives.  While the LEHD dataset is national in coverage, this study was 
designed as a pilot test of the use of LEHD data, intended to explore how it can 
potentially be used for measuring highway impacts on employment and income growth.  
Accordingly, the analysis methodology had two key features: 

1) The study focused on highway projects within three metropolitan areas, selected 
because they had areas of population growth, had recent investment in highway 
system capacity changes, and had available road network models that could be used 
to portray pre/post changes in travel characteristics. The test areas were: Houston, 
Atlanta, and Minneapolis-St. Paul.  While the analysis methodology can apply equally 
to metropolitan or rural areas, it was decided to focus initially on metropolitan areas 
because of the generally greater amount of highway activity and socio-economic 
change occurring over a limited time period.   

2) Within each metropolitan area, the study team identified highway projects conducted 
within the 1990s that involved a new road, a major highway alignment change or a 
major highway capacity. Those types of projects were selected because it was 
expected that they would be most likely to affect access patterns and travel times.  
While economic impacts can also occur from other types of projects, it was decided to 
focus initially on project types that would be most likely to affect labor or job market 
access and commuting traffic volumes.   

In other words, the analysis methodology was structured to investigate whether or not 
the LEHD data showed evidence of economic impacts in cases where such impacts were 
most likely to occur.  This was consistent with the overall aim of the study, to investigate 
the usefulness of available data and the extent to which it could be used to measure 
economic impacts.  There was no interest in selecting a random sample of highway 
investment projects or study areas, especially because many projects would not be 
expected to lead to immediate, observable changes in nearby area employment or 
income levels.  (That would include projects designed to enhance safety or address 
bottlenecks on long-distance routes, or projects in areas of economic decline.) 
 
Analysis Steps.  Initially, three MPOs (metropolitan planning organizations) -- Houston-
Galveston Area Council, Metro Council of the Twin Cities and Atlanta Regional 
Commission -- agreed to allow their metropolitan area travel network models to be used 
for this study.  For each area, transportation models were obtained reflecting a year 
around 2002 and another year around 2009, with the earlier year portraying a “no action” 
highway network (that assumed none of the projects in the regional Transportation 
Improvement Plan had yet been completed) and the later year portraying an “action 
network” (that assumed all of those projects had been completed).  For both time 

2 
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periods, trip tables were assigned to develop measures of automobile VHT (vehicle-hours 
of travel) by link.  From that, summary tables were calculated to identify total VHT to and 
from all TAZs (transportation activity zones) in the trip table.  
 
A comparison of the two time periods enabled identification of changes (in links, capacity 
or speed) in the network between the circa 2002 “no action” and the circa 2009 “action” 
networks.  The information was used to identify the zones (TAZs) and road links which 
experienced a major change in traffic volume, VMT (vehicle-miles of travel) or VHT.   
Those with a particularly large absolute or percentage change in VHT were identified as 
indicating likely highway system changes.  The results were overlaid as polygon shape 
files of zones (TAZs) that could then be matched to the census tract or block data used for 
economic impact analysis. (The maps which follow portray the zones and corridors 
identified as having particularly notable changes in VHT.) 
 
Project team members then met with staff of the three MPOs to confirm the identity and 
construction dates of specific highway corridor projects that were indeed initiated during 
the 2002-2009 study period. Eligible projects were those involving a new road, a major 
highway alignment change or a major highway capacity change. 
 
For the selected projects, origin-destination information was used to calculate changes in 
trip distances, travel times, VMT and VHT for all trips using those corridors.  Surrounding 
areas that generated the largest shares of trip origins and destinations, and hence 
benefitted from the largest change in travel times or access distances were noted. They 
became the study zones for economic analysis.  As an additional test the study team was 
able to obtain network skim matrices for inter-zonal travel times in one of the metro 
areas studied, and that data was used to characterize changes in labor and workforce 
market access and network trip distances.   

2.2 Process for Conducting Economic Analysis  

Database.  For each of the three metropolitan areas, LEHD data was obtained for the 
years of 2002 – 2009, including: 

 Residential Area Characteristics database: households and residents living in each 
census tracts, with detail on their employment by industry sector and wage income; 

 Worker Area Characteristics database: workers employed in each census tract, with 
detail on their employment by industry sector and worker wages. 

 Work-Residence Matching: counts and characteristics for every pairing of worker 
location and residence location (with locations at the census tract level), but 
industry and wage characteristics aggregated to broader groups. 

All residential and worker location data was geocoded and matched to the TAZs (which in 
most cases matched closely to census tracts).  However, the LEHD data in each region 
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indicated the existence of some long-distance commuting trips that extended to locations 
outside the boundaries of the MPO travel models.  Such cases were deleted since travel 
time information was not available for those trips.  However, they accounted for less than 
10% of all cases. 
 
The result was a time series dataset that could track; (a) spatial movement of household 
and job relocations over time, (b) changes in job mix (by industry sector) and income 
levels (by category), and (c) shifts in commute distances and patterns (via the MPO travel 
models).   
 
Comparison Areas.  For each selected highway project, those census tracts that were 
identified as having benefitted most in terms of reduced travel times along the affected 
corridor were designated as project impact zones.  For each of those zones, LEHD data 
was obtained to assess changes over time in the number of residents, employees, 
resident/employee balance, worker income levels, resident income levels, worker 
industry occupations and resident industry occupations.   
 
Corresponding information was also obtained 
for the entire county in which the project was 
located, and the entire metropolitan area.  This 
additional information provided a benchmark 
for establishing underlying trends occurring 
over the study time period. It provided a basis 
for distinguishing notable changes occurring in 
areas affected by the highway improvements, 
compared to changes occurring in surrounding 
areas.  This process is illustrated Figure 1.  
 

2.3 Process for Calculating Commuting Changes 
LEHD data on residence location and workplace location pairs were extracted for those 
who lived or worked in the project impact zones. The data was used to characterize 
home-work patterns for commuting along the affected highway corridors, and the change 
in those patterns that occurred between pre-project and post-project years, 
distinguishing in-commutes, out-commutes and internal commutes.  (See box.) 
 

Metropolitan 
Area 

County 

Directly 
Affected 
Census 
Tracts 

Figure 1. Three Spatial Areas of Analysis 
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This origin-destination information was used to calculate two measures of change, which 
were then used to test a series of hypotheses.  The measures of change are defined 
below; the associated hypotheses are identified on the next page.  

 Change in Distance.  The home-work distance was calculated using LEHD latitude 
and longitude coordinates for residential and workplace census tracts, and 
represented the straight line distance between home and workplace. This was 
repeated for in-commutes, out-commutes and internal commutes, for both pre-
project and post-project times.  The calculated pre/post change in home-work 
distance can be viewed as an indicator of effective change in “labor market 
attraction” for workplace locations, or “job market range” for residential locations. 
A logical extension of this calculation would be to obtain census tract-level 
information on population and employment density, and use that information to 
compute changes in the “effective density” of labor and job markets. However, that 
was not done as part of this current study. 

 Change in Travel Times.  The home-work travel time (during peak commuting 
periods) was also calculated LEHD data on the origin-destination pattern of affected 
commutes, combined with highway network data on inter-zonal (peak period) travel 
times (which were themselves derived from network “skim” tables).  This process 
made it possible to calculate average travel times for the different classes of in-
commutes, out-commutes and internal commutes, for both pre-project conditions 
and post-project times. The net result was a pre/post change in average commute 
travel times that was calculated in two ways: (a) to represent the change in travel 
times that would have occurred if origin-destination patterns had not changed over 
time, and (b) to portray the actual change in travel times given the fact that both 
trip lengths and highway networks had actually changed in the interim years.   A 
logical extension of this latter measurement would be to establish the extent to 
which it was affected by changes in residence and workplace locations, changes in 
route speeds and changes in route paths (“circuity”).  However, that was not done 
as part of this current study.  

Terminology Used to Describe LEHD Commuting Flows  
 

In Commute –the population whose workplace lies within the analysis zone, but 
residence location is outside.   

Out Commute –the population whose residence lies within the analysis zone, but 
whose workplace is outside.   

Internal –the population whose residence and workplace both are located within 
the analysis zone. 

Residents – those whose residence is located in the zone, defined as the sum of 
out-commuters plus internal commuters. 

Workers – those whose workplace is located in the zone, defined as the sum of 
in-commuters plus internal commuters. 
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2.4 Hypotheses Tested 
By combining LEHD time series data with MPO travel model data, the study enabled 
observation of pre/post changes economic outcomes that can be tied to pre/post 
changes in travel conditions.  That facilitated testing of five primary hypotheses:   

1) It should be possible to distinguish highway capacity projects from other types of 
projects.  Completed projects that enhance traffic flow should provide faster traffic 
speeds and tend to attract higher traffic volumes, while highway projects that are 
conducted to enhance safety or achieve design modernization should show no 
change in speeds or traffic volumes. 

2) Projects that enhance traffic movement should expand market access. Completed 
projects that have reduced bottlenecks or otherwise enabled faster speeds should 
facilitate longer distance commutes without a commensurate increase in travel 
time. 

3) Productivity enhancement should be observable.  This is particularly important for 
distinguishing sprawl growth from economically efficient growth patterns.  In 
situations where commute distances have grown but travel times have actually 
been reduced, there is an indication of productivity since labor and job market 
access benefits have been expanded with a likely reduction in total travel cost.    
Growth in jobs/housing balance in a given area can be a further factor reducing 
travel distances and costs. 

4) Business growth patterns should be related to productivity enhancement.  
Employment growth should occur at a faster rate (than the surrounding area 
average) in areas where labor market access has been expanded.  

5) Income growth should tend to accompany employment growth in areas where 
business productivity has been expanded.  While worker wages may rise or fall as 
businesses relocate and change the worker supply/demand ratios in affected areas, 
wages tend to rise when there are net gains in labor productivity.   
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3. ANALYSIS RESULTS 

The text and tables in Section 3 are drawn from a larger technical report on outcomes of 
the LEHD analysis process completed for the FHWA study (19).  

3.1 Case Study Selection 
The project team identified twelve highway projects that were built between 2002 and 
2009 in the three study regions.  They are listed in the Table 1, with information on the 
changes in transportation conditions taking place there over the period from 2002 – 
2009.   Further descriptions of these projects and their locations are presented in the 
larger report (19). 
 
The original intent was to select projects that provided capacity enhancement, leading to 
cost savings or other forms of productivity enhancement through congestion reduction, 
speed enhancement, increased vehicular throughput and/or access enhancement.  
However, it was subsequently found that two cases (US12 and I-494 in the Twin Cities 
area) showed negligible change in both traffic volume and speed (reflected by VHT).  One 
appeared to be a safety routing improvement and the other was an interchange design 
modernization.  However, they were kept in the analysis, since they are useful in 
confirming the distinction between impacts of capacity enhancement projects (which can 
increase productivity via cost savings or market access enhancement) and non-capacity 
projects (which address safety or modernization goals but do not provide direct cost 
savings or market access enhancement benefits).  
 
Table 1. Case Study Highway Projects and Associated Transportation Corridor Changes  

Region – Corridor – County % Change in 
Avg. Speed 

% Change in  
Volume 

Houston Area – FM 1774 (Montgomery) +22% +3% 

Houston Area – Stagecoach Rd. (Montgomery) +50% -36% 

Houston Area – FM 2978  (Montgomery) +89% -43% 

Houston Area -  SH99 (Fort Bend) Not Avail. (A) Not Avail. (A) 

Houston Area -  SH99/146 (Harris) +14% +627% (B) 

Twin Cities Area – I-494 (Tamarack) +2% +1% 

Twin Cities Area – US 10/61 (Summit) +8% +13% 

Twin Cities Area – US 12 (Hennepin) -3% -2% 

Twin Cities Area – US 212 (Carver) +45% +41% 

Atlanta Area – I-75 (Henry) NA +10% 

Atlanta Area – SR 316 (Gwinnet) NA +41% 

Atlanta Area – US 78 (Gwinnet) NA +3% 
(A) Project was an extension of SH99; therefore there was no pre-project data. 
(B) Project was conversion of an existing highway to limited access status, causing dramatic volume changes 

3 
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3.2 Breadth of Analysis: A Sample Case 
For each of the twelve selected projects, an analysis was conducted of changes in 
transportation conditions (volumes and speeds), along with changes in LEHD data on 
population, employment, income and occupations in affected areas.  The full results for 
all twelve projects are provided in the separate report (19), and together they show how 
results can vary widely from case to case.  This section walks readers through one case 
study to illustrate how LEDH information can be used to make observations regarding the 
five hypotheses listed in Section 2.4.  It is important to stress that this sample case 
illustrates the nature of data available and the types of observations that can be drawn 
from them; it is not meant to represent overall findings from the case studies.   
 
Example Project.  The selected case is a road at the northwestern fringe (periphery) of 
the Houston metropolitan area -- FM1774 in Montgomery County, Texas.  The project 
was a road widening from two to four lanes to reduce congestion and enable higher 
traffic volumes.  The result was a notable improvement in travel speeds (up 22%), though 
average speed remained modest (20 mph during commuting periods) due to the nature 
of the road as a local arterial with signalized intersections.   
 
Shift of Home/Work Balance. The area of greatest time savings benefit from the selected 
project occurred in a set of census tracts at the fringe of the metropolitan area.  The area 
had been primarily a bedroom community as of 2002, as demonstrated by the relatively 
large number of outgoing commutes to elsewhere in the metropolitan area (9,936), 
compared to a relatively small number of incoming commutes (2,515). 
 
Another finding to be drawn from the LEHD residence-workplace matching files was that, 
after completion of the highway, there was a relatively large percentage increase in in-
commutes (+152%) and a proportionally smaller increase in out-commutes (+42%).  In 
other words, the study area was shifting from a bedroom community to become more of 
an employment center.  This was contributing to a more balanced residence/workplace 
mix (See Table 2), though this relationship alone does not establish the extent of 
causation between the highway completion and the shift in local activity. 
 
Table 2. Texas FM1174: Changes in Transportation and Commuting Patterns 

  2002 2009 % Change 

Corridor Speed 17 20 22.3% 

Corridor Volume  5727 5908 3.2% 

Corridor VHT 2,170 1,829 -15.7% 

Corridor VMT 36,216 37,362 3.2% 

Out Commute 9,936 14,105 42% 

In Commute 2,515 6,336 152% 

Internal 1,029 1,495 45% 

Total Residents 11,006 15,672 42% 

Total Workers 3,550 7,881 122% 
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Growth patterns of in-commuting and out-commuting (for this selected case) were also 
compared to broader county-wide trends over the study period.  This comparison 
confirmed that growth of out-commutes from the study area was consistent with broader 
regional growth in commuting trips, while the growth in in-commutes to the study area 
was more than double that average growth rate.  This too confirms that the movement 
towards development of an employment center, with a more balanced residence/ 
workplace mix, was truly notable and not merely a reflection of wider regional trends.  
 
Commuting Distances.  Data for the sample project area also showed that the highway 
improvement enabled longer commuting distances, though the change in distance was 
far more dramatic for in-commuters (up 29%) than for out-commuters (up 4%).  This 
shows that the new employment center is drawing workers from a broader labor market.   
 
Yet even so, the average commuting distance for the new, post-project class of workers 
coming into the area (23.0 miles) is still shorter than what had been the average 
commuting distance for the old, pre-project class of local residents commuting out of the 
area (25.5 miles).  So from that perspective, the growth of an employment cluster in what 
had formerly been a bedroom community was actually enabling shorter commutes.  And 
for all classes of trips, average travel times became shorter after completion of the 
highway project – an indication of productivity improvement (See Table 3). 
 
Table 3A. Texas FM1774 Study Area: Change in Avg. Home-Work Distance (miles) 

 
2002 2009 % Change 

Going Out           25.5            26.6  +  4% 

Internal             2.5              2.8  +10% 

Coming In           17.8            23.0  +29% 

Resident           23.1            23.9  +  3% 

Worker           13.1            18.6  +42% 

 
Table 3B. Texas FM1774 Study Area:  Change in Avg. Home-Work Drive Time (minutes) 

 
2002 2009 % Savings 

Going Out  51.5 45.6 -11.5% 

Internal 14.1 12.8 -  9.2% 

In Commute 41.6 40.3 -  3.3% 

Resident 47.6 41.9 -12.0% 

Worker 33.1 34.2 -  3.3% 

 
Change in Income Levels. Further evidence of change comes from the LEHD residence 
and workplace files which track the income levels of residences and workers in each tract.   
A limitation of the public use dataset at the fine-level census tract level is that income 
information is limited to the percentage occurring in each of three income groups.  More 
detailed information is available for larger-scale studies utilizing broader study areas, and 
the full dataset also has average income data.   
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Despite the limitations on income class detail in the public dataset, LEHD time series data 
for this sample case showed that new job growth in the study area (generating in-
commute trips) was both disproportionately in the highest income class, compared to 
broader region trends.  However, residents living in the study area had income growth 
that was not significantly different than broader regional trends (See Table 4).   
 
Table 4A. Texas FM1774 Study Area: Change in Worker Income  

Monthly Wages 
for Workers in 
the Study Area 

2002 2009 
Local Area % 
Composition Shift 

County % 
Composition Shift 

Metro % 
Composition Shift 

$0 - $1250 32.9% 23.9%  -27.3% -17.8% -18.8% 

$1250 - $3333 44.7% 30.0%  -33.0%  -9.6% -12.9% 

$3333+ 22.4% 46.1% 106.0%  41.4%  30.9% 

Total 100% 100% -- -- -- 

 
 Table 4B. Texas FM1774: Change in Resident Income  

Montly Wages 
for Residents of 
the Study Area 

2002 2009 
Local Area % 
Composition Shift 

County % 
Composition Shift 

Metro % 
Composition Shift 

$0 - $1250 26.1% 20.8% -20.1% -19.4% -18.7% 

$1250 - $3333 39.2% 32.8% -16.4% -13.9% -13.1% 

$3333+ 34.7% 46.4%  33.7%  28.2%  30.9% 

Total 100% 100% -- -- -- 

 
Change in Occupations (Industry Sectors).  LEHD time series data also showed a dramatic 
shift in economic sector mix for jobs in the study area, compared to broader region trends 
(Table 5).  In contrast, there was no such sectoral shift in job mix for residents living in the 
study area.  Unfortunately, there are severe limitations on detail available from the public 
use dataset at the census tract level, so it is difficult to know whether the increased local 
share of jobs in the trade sector were office management, wholesale warehouse or retail 
store jobs, or if the observed change in mix was due in part to a loss of lower paid service 
jobs.  This occupation ambiguity illustrates the limitations of the LEHD public use dataset 
for small areas, and advantage of access to the more detailed LEHD confidential dataset. 
 
Table 5A. Texas FM1774 Study Area: Change in Worker Job Mix 

Workers in the 
Study Area 

2002 2009 
Area % 
Composition Shift 

County % 
Composition Shift 

Metro % 
Composition Shift 

Goods Producing 23.4% 23.6%   0.8% -11.0% -2.9% 

Trade 13.5% 25.7%  89.5%  -7.1% -5.4% 

Services 63.1% 50.8% -19.5%   6.8%  3.3% 

Total 100% 100% -- -- -- 
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Table 5B. Texas FM1774 Study Area: Change in Resident Job Mix 

Residents of the 
Study Area 

2002 2009 
Area % 
Composition Shift 

County % 
Composition Shift 

Metro % 
Composition Shift 

Goods Producing 27.0% 25.1% -6.9% -5.9% -4.2% 

Trade 23.6% 22.2% -5.8% -9.4% -6.2% 

Services 49.4% 52.6%  6.6%  7.3%  4.0% 

Total 100% 100%  --  --  -- 

3.3 Comparison of Findings Across 12 Cases  
As part of the test of LEHD usefulness, the same analysis described in Section 3.2 was 
repeated for all twelve highway projects located in the three metropolitan areas.  This 
was intended to provide information on (a) the extent to which meaningful results can be 
consistency received, and (b) the extent to which results tended to vary across different 
settings and categories of projects.   
 
Those results are described here.  Since there were only twelve cases, the findings are 
descriptive rather than statistically significant, though effort was made to portray their 
relationship to underlying highway system changes.  However, they do indicate some 
generally consistent findings, and they also provide a format for analysis and reporting 
that can be replicated for future studies involving larger numbers of projects.  And that 
will enable statistical analyses (such as regressions) to be conducted in the future, so that 
broader findings can be extracted with statistical confidence. 
 
Commuting and Change in Housing/Work Balance. Table 6 portrays the change in 
numbers of in-commuters, out-commuters and internal commutes over the pre/post 
period for each of the twelve projects.  It also shows the change in total residential 
population (sum of in-commuters and internal commuters) and total employment for the 
zone (sum of out-commuters and internal commuters).  Cell notations are as follows: 

 Areas where growth of 5% of more are marked with a “+” sign and are shaded 

 Areas with a decline of 5% or more are marked with a “-“ sign 

 Areas with little or no change (+/- 5%) are marked with a “0”.  

The results for twelve project impact areas show that ten had growth of in-commuting, 
ten had growth of out-commuting, and eight had both types of growth. However, it is 
more useful to standardize the observed changes by portraying them as differences from 
the underlying county-wide growth rates for commuting trips over the same pre/post 
period.  This type of adjustment is important, to avoid making conclusions about project 
impacts when they really reflect only broader county-wide or region-wide trends.   When 
that adjustment is done, seven of the areas show net growth of in-commuting above the 
county-wide average (by 5 percentage points or more), while only two had net growth of 
out-commuting above the county-wide average (by that same margin).   
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Findings indicate that the enhanced speed and workforce access provided by the highway 
improvements are enabling employment growth and development of increasing 
employment densities in the benefitting areas.  However, there is far less evidence of 
corresponding impacts on residential growth or increasing residential densities in those 
areas. This finding could be confirmed through statistical analysis of a larger set of cases.  
However, it is consistent with the research literature which finds that market access is a 
factor particularly important in the growth and agglomeration of business locations.   
 
Table 6A. Twelve Cases: Change in Commuting & Population Characteristics over time 

 
 
Table 6B. Twelve Cases: Commuting Change – Difference from Countywide Pattern 

 
Note: Areas where growth of 5% of more are marked with a “+” sign and are shaded; areas with a decline of 
5% or more are marked with a “-“ sign; and areas with little or no change (+/- 5%) are marked with a “0”.  

 
Change in Income Levels.  Using a similar graphical tabulation method, we can look at 
changes in income patterns over the same time period (See Table 7).  What is interesting 
here is that all 12 project areas showed growth in the high income bracket for both 
workers and residents.  However, compared to the county-wide trend (which is 
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effectively an adjustment for inflation), only 4 of the areas showed net faster growth in 
the number of high income workers, and only 2 showed faster net growth in high income 
residents.   
 
Interestingly, nearly all of the areas showing either worker or resident growth in the 
higher income bracket were Houston region projects. In most of the Twin Cities and 
Atlanta study areas, there was no appreciable difference in income levels for residents of 
affected areas, and more growth in the lower income category for workers. These 
differences, combined with the preceding discussion of commuting patterns, appear to 
indicate that highways can affect job growth patterns, but the income levels associated 
with the change in jobs can vary depending on the local area. (While we cannot be sure 
about the reason for this difference, it is possible that the larger income effects in 
Houston were enabled by a metropolitan area that was less affected by the recession, 
and was benefitting more from rising oil prices than the other two metropolitan areas.)  
 
Table 7A. Twelve Cases: Change in Income Categories for Local Residents and Workers 

 
 
Table 7B. Twelve Cases: Income Change - Difference from Countywide Pattern 
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Interestingly, nearly all of the areas showing either worker or resident growth in the 
higher income bracket were Houston region projects. In most of the Twin Cities and 
Atlanta study areas, there was no appreciable difference in income levels for residents of 
affected areas, and more growth in the lower income category for workers. These 
differences, combined with the preceding discussion of commuting patterns, appear to 
indicate that highways can affect job growth patterns, but the income levels associated 
with the change in jobs can vary depending on the local area. 
 
Change in Occupations (Industry Sectors).  Finally, the LEHD dataset provides information 
on the mix of occupation of residents and workers, in terms of industry sector (See Table 
8).  And here, a different pattern of change emerges.  In terms of residents, all twelve 
areas exhibited growth in the share of service sector jobs, but none had notable variation 
from underlying county-wide occupation trends. In terms of workers, on the other hand, 
10 areas had growth in the service sector share of jobs, and 5 had service sector growth 
that was proportionally greater than the underlying county-wide growth. And 3 
otherareas had worker job growth in another sector of the economy (goods producing or 
trade) that was notably higher than the corresponding county-wide growth rate for that 
sector. 
 
Table 8A. Twelve Cases: Change in Occupation Mix for Local Residents and Workers 
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Table 8B. Twelve Cases: Occupation Mix Change - Difference from Countywide Pattern 

 
 
 
Relationship of Economic Findings to Transportation Changes.  While the sample size 
studied here precludes statistical analysis, it is possible to draw some provisional 
conclusions by examining the relationship between transportation changes caused by 
highway projects and net economic changes that resulted over the pre/post period.  
Table 9 shows key transportation changes associated with the twelve case study highway 
projects and the net economic outcomes in their impact areas.  It points to the following 
provisional findings: 

 Where there are no net improvements in transportation conditions, no real growth 
in economic impacts emerge.  This is illustrated by the inclusion of two projects that 
were initially believed to be highway capacity improvements, but were later found 
to be safety or modernization projects that had no real change in travel speeds or 
volumes (US-212 and I-494).  And those two projects were the only ones that 
showed no net change in study area economic patterns. 

 Highway projects that improved travel times tend to enlarge workforce access and 
increase the density of employment.  This finding is supported by the fact that 5 of 9 
projects that improved corridor speed of volume also increased average in-
commuting travel distances without net increase of in-commuting travel times. And 
those same projects had employment growth exceeding area trends. 

 Both residential location and employment may be affected by highway 
improvements, but employment location is more likely to be affected.  This finding is 
supported by the fact that areas with improved speed on a highway access corridor 
were more likely to show employment growth than residential growth (higher than 
area trends).  
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Table 9. Twelve Cases: Relationship of Transportation Changes and Economic Changes 
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4. OPPORTUNITIES FOR FUTURE RESEARCH 
This Section discusses (1) opportunities, limitations and issues concerning use of LEHD 
data, (2) requirements for additional travel network data, and (3) remaining issues and 
recommended directions for further research. 

4.1 LEHD Dataset: Opportunities and Limitations 
Opportunities.  The LEHD dataset provides a basis for time-series, cross-sectional analysis 
as demonstrated in Section 3.  It can be used to portray changes over time in: (a) spatial 
patterns of housing and employment growth, (b) commuting distances and origin-
destination patterns, and (c) job occupation (industry sector) mix and wage (income) 
levels.  Those results could provide a basis for portraying the economic productivity value 
of various types of highway projects. Further data (which was not used in this study) is 
also available on age, education and ethnicity of workers and residents, which could be 
used to refine analysis of changes in the labor force of residents and workforce of those 
employed in any given area.  All of the shifts occurring at a localized (census tract or zone) 
level can be compared to corresponding shifts occurring elsewhere.  
 
This type of analysis is useful for highway capacity projects that increase traffic flow 
(volume and/or speed).  In growing metropolitan areas, as studied here, such projects 
enable employment growth patterns to be organized and concentrated in ways that 
expand labor and job market access.   However, the analysis also suggests that job and 
income growth benefits are less likely to be immediately apparent from safety or 
modernization projects.  
 
That finding is not surprising since the latter types of projects are intended to address 
other social goals rather than enabling economic expansion.  It is also consistent with 
findings from the SHRP2 (Strategic Highway Research Program) study of the economic 
impact of highway projects, which showed that local economic growth benefits tend to 
be most apparent from capacity projects that enhance local access to markets (13). That 
study also found that it is more difficult to observe economic growth effects of bottleneck 
reduction projects which reduce delays on major travel corridors, since their beneficiaries 
tend to be widely dispersed rather than concentrated near the project location.  And 
while neither study had examined the value of highway and bridge preservation projects, 
it is clear that those types of projects are often intended to prevent further degradation 
rather than enhance current performance, in which case time-series analysis will not 
necessarily show any observation of additional economic growth occurring. 
 

4 
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Altogether, these findings indicate that LEHD data can be very useful in demonstrating the 
economic value for some types of highway capacity projects, but that other analytic 
processes will be necessary to demonstrate the value for other types of highway projects.    
 
Limitations.  There are four notable limitations that affect the use of this dataset for 
transportation policy analysis.  Two are relatively benign and two are of greater concern.  
The two relatively benign limitations are:  

 Temporal Coverage.  When states have joined in the LEHD database, they typically 
have provided firm and worker data back to about 1995.  However, 2002 marks the 
beginning of available data that merges this data with residential location data.  And 
while data has recently become available for all fifty states, the merged work-
residence matching dataset at this time goes only from 2002 to 2009.  The pilot 
analysis shown in Section 3 worked within those limitations by selecting only 
projects completed between those years.  As time goes on, the end years will move 
forward and the period of data availability will become larger, allowing for more 
time to observe economic growth effects.  

 Workplace Location Accuracy.  The LEHD coding of workplace locations has 
improved over time.  In early years, state datasets (outside of Minnesota) had a 
problem with assignment of locations for workers employed at multi-location firms.  
Initially, employment and wages for those firms were assigned to reporting 
corporate headquarters location rather than by workplace location.  Despite early 
efforts to correct for this factor, there was a tendency to over-estimate commuting 
trip lengths, a problem that has been substantially reduced in since 20?? through 
more sophisticated modeling of satellite workplace locations for the multi-location 
firms. This problem is a relevant concern for those who are considering LEHD as a 
replacement or supplement to CTPP data for metropolitan transportation planning. 
However, it is less of a concern for policy analysis studies involving time-series, cross 
sectional analysis, since the same error element applies to both impact and broader 
comparison areas and hence tends to cancel out when the two are compared. 

The other two limitations, which are of greater concern, are: 

 Transportation Detail. While the LEHD dataset does have commuting origin and 
destination information, it does not have any information on modes, routes or 
travel times.  That information can only be estimated by linking it to supplemental 
transportation network datasets.  The pilot analysis (in Section 3) addressed that 
limitation by utilizing highway network models provided by MPOs to assign the 
origin-destination commuting patterns to routes, thus allowing for calculation of 
peak period highway drive times.  Since the projects studied were all in the growing 
suburban periphery of metropolitan areas, there was probably relatively little error 
in assuming that workers travel to work was via car during peak commuting periods.  
However, those assumptions are far less reasonable for studies covering the central 
city cores of metropolitan areas, or low income areas, or other areas that are well 
served by public transportation.  So for some areas, the LEHD dataset may be most 
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useful in studies that show the value of transportation access involving all modes, 
rather than attempting to isolate the value of investment in any single mode.  

 Spatial & Economic Detail. The home/work spatial data, as well as age, education, 
income and job occupation (industry) data, all exist at a high level of detail in the full 
LEHD dataset.  This includes spatial detail down to the census tract and block levels, 
actual levels of age and income, and industry detail up to 5 or 6-digit NAICS codes.  
However, only those with “special sworn status” with the US Dept. of Census have 
access to the confidential full dataset for research, and then only for pre-approved 
studies conducted at regional census facilities.  The public use dataset that is 
available does preserve the spatial detail of residents and workers at the census 
tract and block level, but it has only very aggregate breakdowns of age, wage rate 
and industry categories. For instance, industry categories in the public use dataset 
are held to 2-digit NAICS (22 categories) at the metropolitan level, and reduced to 
three categories at the census tract level.  The age and income characteristics are 
also reduced to three categories at the census tract level.  The pilot analysis shown 
in Section 3 reveals the severe limitations of analyzing industry and income impacts 
with those aggregate categories, and indicates the additional value of working with 
the confidential dataset if possible. 

4.2 Transportation Dataset Requirements 
A fundamental transportation policy issue that was examined by this FHWA study was the 
assertion that wages and employment will tend to grow disproportionately in areas 
where commuting cost have fallen, or where business accessibility to labor force (or 
household accessibility to jobs) has expanded. Yet to address that issue, some form of 
highway network model was needed to calculate changes in travel times as traffic 
volumes, roadway capacity and performance characteristics change.   The analysis 
described in Section 3 accomplished this by utilizing metropolitan area network models 
for three regions.  But if this type of analysis is to be conducted across the nation, then a 
broader base of transportation network information will be required.  
 
Alternative Network Datasets.  There are three types of highway network data that could 
be considered for a broader national analysis study, each with its own strengths and 
limitations. They are: 

 National public network data.  This includes the NHPN (national highway planning 
network).  It is nationwide in coverage, includes travel time impedance factors, and 
has been updated over time.  However, it only cover major roadways and does not 
covers all local urban roads or rural routes.  That makes it potentially useful for 
analysis of long distance highways and industrial location, but not useful for 
establishing impacts of local highway projects on labor markets and employment 
productivity.  
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 MPO and state travel network models. These models do provide the necessary 
network information to assign peak period commuting trips to network links, 
calculate their travel times, and predict of shifts in travel times and access patterns 
as highway improvements are made and commuting patterns change.  One major 
limitation of this source is that such models are limited to the geography of the 
state or MPO owning them, and typically have limited links to neighboring 
jurisdictions.  Another major limitation is that they do not exist in all states, and our 
use of them requires cooperation from the corresponding local or state agency.  
This cooperation is quite possible to obtain, but takes resources, which is why this 
study was limited to to a set of illustrative study areas.   

 Nationwide road link datasets, such as Navteq, that are used for car GPS systems.  
They are complete in their coverage of all road links and there is supplementary 
data characterizing average speeds on those links.  However, they have severe 
limitations that render them not useful for this study.  We cannot obtain any 
underlying travel demand model assigning origin-destination combinations to road 
links.  We cannot obtain route assignment algorithms used in those GPS systems 
(nor do we have any reason to believe that they would be able to accurately predict 
route changes as traffic volumes grow, as they were never designed to do so).  And 
they certainly have no ability to relate changes in road volumes to changes in travel 
times.    

Use of MPO and State DOT Models.  The pilot analysis reported in Section 3 relied on the 
second class of model (MPO or state DOT travel network model), as that was deemed to 
be the only viable basis for calculating travel patterns and accessibility changes for this 
study.  MPOs and state DOTs update their travel network models from time to time to 
represent updated access conditions, making it possible to estimate the incremental 
change in travel characteristics associated with planned and ongoing highway system 
improvements.  This information can be used to calculate changes in vehicle volumes and 
speeds over time, and specifically identify the transportation access and performance 
changes associated with highway improvement projects.  And that enables analysis of the 
link between changes in socio-economic patterns (from LEHD data) and expected changes 
in transportation access conditions.  
  
The use of MPO models in this study also highlighted the need for further clarity in the 
way that alternative scenarios are constructed.  In particular, there is a need to ensure 
consistency in assumptions being made concerning underlying trip generation and trip 
assignment processes.  This is critical in order to understand whether a change in link or 
zonal VHT is interpreted as: (1) an improvement in speed for a fixed traffic assignment or 
(2) a speed change due to reduction in traffic volume due to some trip diversions 
(reassignments) or (3) an indeterminate combination of the two.   
 
It is also important to understand the further need for project-specific information on the 
nature of roadway improvements, including project location, timing, type of 
improvement and magnitude of capacity changes associated with each project studied – 
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information which can be based on some combination of project specifications and MPO 
interviews.  For instance, it can be important to clarify the extent of changes in the 
number of highway lanes, turning lanes, access control and controlled intersections. 
Together, these types of information will make it clearer how and why link-based VHT and 
zone-based VHT measures differ or relate to each other.  This latter point is important 
because projects that bring localized connectivity or access improvements are most likely 
to bring localized economic growth and improvement, while projects that reduce 
congestion bottlenecks tend to have beneficiaries (and hence economic impacts) that are 
more widely dispersed (13). Taken together, further information on the nature of 
selected projects can be helpful to enhance our ability to identify the types of projects 
and settings where transportation improvements that are most likely to lead to observed 
economic growth.   

4.3 Future Research Directions 
The research reported by this paper indicates a potential for two types of further analysis 
that address transportation policy issues. Each is discussed in the pages which follow. 
 

(A). Highway Effects on Employment Growth and Agglomeration.  
 
Employment centers (or sub-centers within a metropolitan region) involve grouping of 
similar firms and their suppliers, which together can reap the benefit of agglomeration 
economies. (Sometimes local retail and other activities also grow due to that very same 
concentration of daytime office workers.) The confidential version of the LEHD dataset 
provides micro data on firms and their workers generally going back to 1995. So if that 
dataset can be accessed, it may be possible to track the timing of this activity for about 17 
years. In the confidential dataset, type of industry is coded out to the 5- or 6- digit 
industry code where needed. Beginning in 2002, detailed residential location is available 
for workers by industry of interest. This data can be used to relate the growth of 
employment at employment concentrations and centers to changes in highway capacity, 
performance and residential location patterns. Worker earnings can also be tracked. In 
addition, changes in decennial census tract demographics from 1990 through 2010 can be 
added from public sources, along with other census tract variables of interest.   
 
This enhanced LEHD dataset, together with relevant highway network models, can enable 
a significantly enhanced and statistically valid version of the type of analysis described in 
Section 3.  The enhanced analysis could portray job generation, clustering and income 
growth occurring at a local (neighborhood or community) level and utilize regression 
analysis to statistically assess the extent to which those changes can be attributed to 
transportation system improvements enabled by highway projects.  The analysis could 
also control for other underlying economic and demographic factors.  And it could also 
test the extent to which job and income growth rates are linked to the emergence of 
agglomeration or clustering effects.  However, it is important to note that highway 
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network models are most commonly available for metropolitan areas, and less commonly 
available for rural and micropolitan areas.   
 
When network models are available, this type of analysis can potentially be applied to 
show how economic growth and productivity are related to the history of highway 
improvements in a region, over a significant span of time.  That line of analysis can be 
used to assess one or more of the following types of study areas and highway projects: 

 Job and income growth in rural communities, which could be related to 
development of rural connectors that reduce isolation and enhance job market 
access for residents; 

 Job and income growth for micropolitan area centers that perform economic 
functions as trade centers, which could be related to development of inter-urban 
routes connecting workers and employers between communities; 

 Job and income growth within a metropolitan area, which is enabled by multi-
modal metropolitan transportation system improvements that enhance residential 
access to job markets, and employer access to labor markets. 

Further studies might also utilize information on access to truck delivery routes and/or 
intermodal passenger or freight terminals, building on new tools for developing those 
access metrics which are soon to be released by SHRP2 Project C11.   By utilizing analysis 
covering a broad sample of projects and study areas around the nation, it may be possible 
to develop a convincing documentation of the different types of employment and income 
growth paths that are enabled by investments in highways and other forms of 
transportation infrastructure.  And ultimately, those findings could be factored up to 
represent estimates of the magnitude of national income generation that is enabled, 
facilitated or created by a given level of transportation infrastructure investment.   
 

(B). Transportation Investment Roles in Urban Development & Job Access 
 
The type of analysis shown in Section 3 also raises issues regarding the role of highway 
investments in changing access patterns and thus the spatial development patterns of 
cities.  For instance, in the sample case that was shown in Section 3.2, it appeared that 
the highway expansion was facilitating the transformation of a low density residential 
neighborhood into an emerging employment center with higher paying jobs.  And that 
effect was occurring through an enlargement of market access achieved while the 
highway also shortened commuting travel times.  Of course, the small number of cases 
made it impossible for readers to know whether that phenomenon was an unusual case 
or a common case, and it provided little insight into the conditions necessary for those 
types of job, income and productivity growth patterns to occur.  So it is perhaps most 
useful to view this case as an illustration of the types of insights that might be gained 
from a more comprehensive study of highway (or other transport investment) effects on 
urban spatial growth and economic growth.   And that could address three policy topics: 
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 Types of Residential Suburbanization.   As we have discussed, highway 
improvements can lead to or respond to different types of suburbanization. This 
raises a number of questions.  For instance, how much residential suburbanization 
can be considered "efficient" in that it requires (and the related highways facilitate) 
access to employment sub-centers? On the other hand, how much residential 
suburbanization (and facilitating highways) involves central business district workers 
being able to live close to the outer border of a metropolitan area to enjoy lower-
density single-family housing?  

To address those issues, we can focus on areas of significant residential 
suburbanization over the past 20 years, and use confidential LEHD data to analyze 
this issue. For each year since 2002, we can track residential locations of central city 
workers by detailed industry group, exact earnings, age, and race/ethnicity. For 
numerous subsets of central city workers (for example, upper- and middle-upper 
income in the finance industry), we can examine changes in residential location 
patterns. We can then determine in which cases longer commutes occur. We can 
then relate this information to the extension or creation of highways. For instance, 
in a case like Boston, where moderately-close in suburbs have developed at low 
densities enforced by zoning, we can focus on the behavior of relatively new young 
workers in the central business district. An important questions here is to what 
extent do these workers "drive until they qualify" for single-family housing at prices 
they can pay, and the extent to which these patterns vary by income.  

 Firm behavior in response to inadequately available affordable housing. The 
confidential LEHD dataset can capture firm growth, births, deaths, and relocation 
over a period of 17 years, by detailed industry code and initial location. A possible 
area of research would be to link a large number of these cases to measures of 
affordability, which may include both housing prices/ rents and commuting costs.  

For a given case, we can track changing residential locations since 2002. We can also 
measure how accessible a work location is to likely workers. (This part of the 
research can be done with publicly available house price data and MPO data 
commute times.) By tracking the residential location shifts of a firms’ employees 
over time, we can also ask the question: when large firms die or undertake a major 
relocation, what is the role of highways and transit in those outcomes?  

 Job accessibility for inner city residents.  The Census-sponsored research on job 
mismatch (by Andersson, Haltiwanger, Pollakowski et al.) (17, 18) has made 
significant strides in measuring job accessibility as a weighted average of auto and 
transit accessibility. This began as a necessary part of a study of spatial mismatch. 
Much has been learned along the way, and a separate paper is being prepared on 
job accessibility itself. Initial work used publicly available data from MPO's and the 
public LEHD, but that line of research moved into the confidential dataset as the 
authors attempted to personalize accessibility measures.  

A useful complement to this line of research would be to ask more precisely --  
"accessibility to what type of jobs?" With access to detailed industry codes (in the 
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confidential dataset) and industry-occupation tables (provided by the Census), along 
with time series data on job types and residential locations, it may be possible to 
develop measures of accessibility to different types of jobs.  (Manufacturing 
workers, for example, had a great deal of trouble finding employment after mass 
layoffs.) If we can specify which jobs were more likely to provide a better future for 
workers, this would influence what could be recommended in terms of transit 
improvements. With data now available from nine different MPOs, the pieces are in 
place for further research in this area. 
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