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ABSTRACT  

This paper distills key findings from NCHRP Study 2-21, which examined how urban traffic congestion imposes economic costs within metropolitan areas. Specifically, the study applied data from Chicago and Philadelphia to examine how various producers of economic goods and services are sensitive to congestion, through its impacts on business costs, productivity and output levels.  The data analysis showed that sensitivity to traffic congestion varies by industry sector, and is attributable to differences in each industry sector’s mix of required inputs and hence its reliance on access to skilled labor, access to specialized inputs and access to a large, transportation-based market area.  Statistical analysis models were applied with the local data to demonstrate how congestion effectively shrinks business market areas and reduces the “agglomeration economies” of businesses operating in large urban areas, thus raising production costs.  Overall, this research illustrates how it is possible to estimate the economic implications of congestion, an approach that may in the future be applied for benefit-cost analysis of urban congestion reduction strategies or for development of congestion pricing strategies.  The analysis also shows how congestion reduction strategies can induce additional traffic as a result of economic benefits.

OVERVIEW

While it is clear that increasing traffic congestion does impose costs upon travelers and affect broader business operations, it has been difficult to develop and apply empirical measures of the extent of those economic costs.  This paper describes a new modeling approach for analyzing how urban traffic congestion affects businesses and metropolitan-wide economic activity, based on results of NCHRP project 2-21. The paper is organized into five parts:  (a) background on the nature of the analysis problem, (b) general approach for analyzing congestion costs, (c) calibration of statistical analysis models, (d) application of scenarios to assess the nature of congestion impacts, and (e) conclusions.

BACKGROUND

Defining Congestion.  

Traffic congestion is defined as a condition of traffic delay (i.e., when traffic flow is slowed below reasonable speeds) because the number of vehicles trying to use the road exceeds the traffic network capacity to handle them. Traffic congestion is widely viewed as a growing problem in many urban areas because the overall volume of vehicular traffic in many areas (as reflected by aggregate measures of vehicle-miles or vehicle-kilometers of travel) continues to grow faster than the overall capacity of the transportation system. The resulting traffic slow-downs can have a wide range of negative impacts on people and on the business economy, including impacts on air quality (due to additional vehicle emissions), quality of life (due to personal time delays), and business activity (due to the additional costs and reduced service areas for workforce, supplier and customer markets). This study focuses specifically on the latter type of impact --  how roadway traffic congestion affects the economy, in terms of business costs, productivity and output.

Motivation.  

In many metropolitan areas, there are increasing concerns about how the growth of traffic congestion may adversely affect the area’s economy (business sales and income), and concerns about the relative return-on-investment associated with alternative projects or policies to address those problems. Unfortunately, the severity and pattern of congestion, as well as the effectiveness of alternative projects or policies to address it, can vary widely from area to area. That can depend on the size and layout of the metropolitan area, its available transportation options and the nature of its traffic generators. 

Similarly, there is no single rule of thumb for the economic cost of worsening congestion or the economic benefit of congestion reduction, for that can also differ depending on the area’s specific economic profile, as well as its unique pattern of congestion.  All of these issues need to be addressed first, before there can be truly meaningful efforts to examine the benefit-cost ratio or return-on-investment of alternative congestion reduction strategies.  This was the motivation for the National Cooperative Highway Research Program to fund a study of the economic implications of urban traffic congestion.  This paper describes key findings from that larger report [1]. 

Prior Research on Congestion Impacts.  

There have been prior attempts to estimate the economic impacts of congestion through business surveys, including most notably NCHRP Project 2-17(5) [2].   The problem is that such prior attempts found that business managers do not explicitly track the costs of congestion, and hence seldom make any specific attribution of their business costs to congested roads. There are several reasons why they do not do so:

· Hypothetical Nature of Scenarios.  Business staff have difficulty predicting their hypothetical responses to what they perceive to be non-realistic scenarios. For a business manager operating in an area of traffic congestion, the existing conditions (including longer commutes, higher costs of parking, and longer delivery times) may be viewed as a pervasive phenomenon or otherwise accepted as part of the cost of doing business. Many people in urban businesses cannot estimate the cost of congestion to their business since they cannot imagine how different the business would be under the purely hypothetical situation in which such congestion is not present.

· Self-Selection Bias: Only survivors can be interviewed. A survey of businesses in congested areas will only include the existing businesses, since any business that could not survive in a congested area would have already closed up or moved out. Hence the remaining businesses tend to be those that are not adversely affected by congestion. This includes offices that are not highly dependent on truck deliveries or in-store shopper visits. It also includes businesses that have the ability to minimize congestion impacts on their operations through flexible scheduling, reliance on internet or telecommunications activities, or use of transit alternatives.

· Differential Sensitivity.  Some businesses thrive in high density business districts, and their staff cannot easily distinguish the advantage of density from the disadvantage of congestion delay. For some types of businesses (e.g., offices of banking, finance and business service companies, and restaurants serving them), there can be productivity benefits associated with agglomeration – locating together in high-density business districts, which offset the higher travel and parking costs of doing business in those areas. For those types of businesses (which typically have low needs for incoming or outgoing freight deliveries), congestion may not even be recognized as a major problem.

Objective of this Study.  

Learning from the results of prior research, we examined the economic implications of congestion not by surveying businesses, but rather by using an empirical analysis approach which examines the many aspects of congestion-related costs incurred by different types of business operations in different types of urban settings.  We then used statistical analysis of existing business and travel patterns to infer the business productivity loss associated with congestion.

Given the complexity of the problem and the limitations of available data, our study does not provide the final word on economic costs of congestion.  Rather, it represents a starting point – showing the many facets of congestion impacts on businesses and local economies, illustrating the types of data necessary to document those costs, and demonstrating how analysis can be carried out and ultimately improved.  

GENERAL APPROACH

Recognizing Different Types of Congestion Costs.  

To develop an approach for assessing the economic implications of congestion, we start with a typology of the different forms of congestion-related economic impacts, and then identify the common features of how they affect business.  

Travel Cost.  At the most basic level, increasing congestion backups mean that some trips on the road system – whether by car, truck and bus – will entail longer travel times for riders and higher vehicle operating costs for vehicle operators.  The added time and expense for drivers and passengers are the key components of travel system efficiency measures covered in traditional engineering-based benefit-cost studies.  Values can draw upon a wealth of past research on the value of time, travel time reliability factors, vehicle operating expenses and congestion-related accident costs [3], [4], [5], [6]. (See Table 1.)   

Table 1.  HERS Value of Travel Time by Benefit Category and 
Vehicle Type

	$ per Person-Hour
	Vehicle Class

	
Category
	Small
Auto
	Medium Auto
	4-Tire

Truck
	6-Tire

Truck
	3-4 Axle

Truck
	4-Axle

Comb.
	5-Axle

Comb.

	On-the-Clock
	
	
	
	
	
	
	

	    Labor/Fringe
	
26.27
	
26.27
	
8.02
	
21.88
	
18.22
	
21.95
	
21.95

	    Vehicle
	
1.72
	
2.02
	
2.18
	
3.08
	
8.80
	
7.42
	
7.98

	    Inventory
	
0.00
	
0.00
	
0.00
	
0.00
	
0.00
	
1.65
	
1.65

	    Total
	
27.99
	
28.29
	
20.20
	
24.96
	
27.02
	
31.02
	
31.58

	Other Trips
	
	
	
	
	
	
	

	    Percentage of Miles
	 90%
	59%
	0%
	0%
	0%
	0%
	0%

	    Value
	
12.78
	
12.78
	--
	--
	--
	--
	--

	Weighted Average
	
14.30
	
14.33
	
15.08
	
25.27
	
27.91
	
31.64
	
32.25

	Source: Federal Highway Administration, The Highway Economic Requirement System (updated 3/97).


Additional Business Operating Costs.  Traffic congestion can impose additional costs to businesses associated with freight and service deliveries. For instance, delay in delivering time-sensitive freight can in some cases impose additional inventory costs, logistics costs, reliability costs or just-in-time processing costs onto businesses that ship or receive the products.  The recognition of these additional business costs is also consistent with a growing view that it is the freight shippers and receivers, rather than the truck drivers, who are the true “users” of freight transportation systems.  Values for these costs can draw upon an emerging body of research in the fields of logistics and just-in-time scheduling [7], [8], [9].  In addition, there is also a body of research indicating that businesses end up absorbing spatial differences in costs of worker commuting within competitive urban labor markets [10], [11].

Productivity.  Over and above the effects of congestion on travel cost and additional business operating expenses, congestion can have further business productivity impacts.  Generally, congestion can reduce the size of business labor market areas, customer delivery market areas and/or shopper market areas that can be served or accessed within a limited window of reasonable travel time.  This reduction in effective “market reach” can reduce worker access to jobs and shopper access to stores.  From the viewpoint of affected businesses, it can reduce their access to specialized labor or material inputs as well as the scale of their customer markets.  There is a growing body of modeling research examining the size of these market scale and accessibility factors [12], [13], [14], [15].

Table 2.  
Calculated Shipping Delay Costs, by Industry

	Delivered 
Product
	Direct 
User Cost/hr.
	Reliability Cost (per min2)
	Value of 
Shipment 

	Agriculture
	$25.07
	
$7.00
	
$16,764.55

	Mining
	$25.04
	
$0.83
	
$5,469.32

	Manufacturing
	$25.66
	
$11.20
	
$34,681.55

	Service/Other
	$0.00
	
$0.00
	
$135.00

	Source: calculated by NCHRP #2-21 project team, based on literature review.


Table 3.  Calculated Commuting Delay Costs, by Occupation

	Occupation
	Average Hourly Wage

	Precision Production and Crafts 
	$16.20

	Transport and Material Moving 
	$15.08

	Executive, Admin, Managerial 
	$21.90

	Technicians 
	$17.40

	Machine Operators 
	$12.25

	Protective Services
	$9.79

	Helpers and Laborers
	$11.03

	Sales Occupations
	$15.65

	Professional Occupations
	$22.39

	Clerical Occupations
	$12.64

	Private Household Occupations
	$  4.57

	Source: Calculated by NCHRP #2-21 project team, based on literature review.


Recognizing Business Responses to Congestion.  

There can be a variety of ways in which businesses can respond to these changes.  Faced with a change in access or costs of obtaining specialized labor or specialized material inputs, some businesses may shift their product mix.  Others may compensate by changing their technology mix of labor and capital inputs.  Still others may reduce the size of delivery areas, change their delivery scheduling or pricing policies, or compensate by reducing the number of daily deliveries made per driver. Others may adjust to serve smaller or more specialized markets for workers, suppliers and customers  [8], [16], [17].  However, all of these adjustments can still leave a remaining loss of business productivity associated with reduced “economies of scale” in their business operations.  

The key aspect of this typology of business impacts is that we recognize that different types of businesses are likely to be affected and compensate for congestion in different ways.  This means that various types of businesses may have different “production functions” representing how they use workers and materials to produce and delivery their products and services.  They can determine the extent to which various types of businesses are affected by congestion.  At the aggregate urban level, then, the economic impacts of congestion can thus vary depending on the spatial pattern of where congestion occurs and the mix of businesses in those areas.

Developing a Statistical Modeling Approach.  

While reported perceptions of individual business managers are an unreliable means of assessing economic impacts of congestion, it is possible to apply statistical analysis methods to identify the nature of business sensitivity to congestion.   This can be done through economic modeling which relates observed business location patterns to spatial differences in relative costs of market access for labor and materials, including worker commuting and business product/service delivery costs.  This approach recognizes that changes in travel times due to congestion can differentially affect business costs in different industries, and different locations within urban regions.

An important element of the economic model approach for this study is the concept of differentiation among inputs. This differentiation represents the preference that businesses have for a choice among inputs, including specialized labor (workers) and capital (materials and equipment), used in the production or provision of the products and services they provide. A higher degree of differentiation in the inputs a firm uses allows the firm to choose a combination of inputs that best suits their needs and maximizes their profits. When congestion causes a decrease in access, available inputs can become less diverse so that a firm must settle for an inferior substitute. When access increases, as when congestion decreases, a firm realizes a benefit in access to superior goods. The production function model captures this effect.

Another central concept in this approach is that businesses can adjust to changes in cost arising from greater or lesser access to diverse inputs. These potential adjustments are embodied in production functions, and in particular, a term called the technical elasticity of substitution. The technical elasticity of substitution refers to the importance of variety in goods and services supplied by various industries to all firms within a particular region. Firms that value differentiation more can realize a productivity gain by tapping into a larger market for their inputs. Those that do not are relatively indifferent to the larger market afforded by increased transportation access. Industries providing more variety tend to have a lower elasticity of substitution. This means that businesses seek inputs from a wide geographic area and are willing to pay for the higher transportation costs for those inputs. On the other hand, industries supplying less specialized inputs tend to have a higher elasticity of substitution. This means that firms get inputs from wherever it is convenient nearby and are less willing to pay additional transportation costs for their inputs.

However, it is known that businesses do not have to just absorb added costs of freight shipping or worker commuting caused by congestion. Rather, they have some ability to adjust to those cost changes. Thus, the introduction of realistic production functions can help to better calculate the true cost effects of congestion on business. The production function recognizes that one employee is not a perfect substitute for another employee even if they are in the same occupation. It also recognizes that the product or service of one supplier may not be a perfect substitute for that offered by another potential supplier. Therefore, employers will be able to enhance productivity by selecting the most appropriate possible suppliers and employees for their needs. It then follows that the larger the area from which businesses can draw suppliers and workers, the easier and less expensive is the task of selecting the optimal mix.

STATISTICAL MODEL CALIBRATION

Concept of Production Function Models.  

The research team conducted extensive data assembly and statistical model analysis for the Chicago and Philadelphia metropolitan areas.  The analysis models were developed to examine the degree of sensitivity of various types of business activity to the costs of transporting products and costs of worker commuting.  A “production function” related observed levels of business activity in various parts of the urban areas to spatial differences in relative costs of market access for labor and materials.  A key element of the analysis was an explicit recognition that while businesses incur a variety of costs associated with congestion, they do have some ability to adjust levels of activity and trade off between labor and material inputs.  The introduction of realistic “production functions” can recognize that fact and help to better calculate the true costs of congestion on business.  

Development of Data Sets.  

The first step in the calibration of statistical models was to obtain detailed data on patterns of business locations and origin-destination patterns of commuting trips, truck trips and other business travel patterns by traffic activity zone.  There were 1,669 zones in the Chicago region and 1,510 zones in the Philadelphia area.  The commuting trip patterns (origin- destination matrices and trip lengths) were differentiated by occupation and the truck trip patterns were differentiated by industry.  (See Figures 1 and 2).

Calculation of Direct Costs.

Additional data measured the value of travel time and operating costs for commuting and truck trips by origin-destination pair.  These values were based on available information on how the pattern of business inventory, logistics, reliability and production process costs differ by type of business, type of worker occupation, type of commodity shipped and type of vehicle.  Table 2 summarizes calculated values used in our study to represent composite values of shipping costs, reliability costs and shipment values associated with delivery delay for different types of delivered products.  Table 3 summarizes the calculated costs of commuting for different occupation groups.

Specification of a Production Function Model.  

A multiple regression analysis was conducted to statistically develop coefficients which estimate differences in levels of business activity in urban zones (the dependent variable) as a function of various factors including differences in relative costs of accessing labor (commuting costs) and materials (delivery costs) from those zones (the independent variables).   Three basic facts underlie our economic modeling approach:

Business Markets.  The observable location pattern of businesses reflects the fact that some types of business have a few large establishments serving a wide area, while other types of businesses have many small establishments each serving a smaller local area.  These patterns reflect the fact that different types of businesses have different worker (occupation) and supply (commodity) needs, as well as different product/service delivery markets.  They reflect the degree of specialization of the different types of businesses in terms of workers and products.

Business Production Functions.  The degree to which different types of business incur productivity losses from traffic congestion depends on how congestion affects their direct travel-related costs, their production costs, and their ability to adjust to smaller markets (which in turn reflects the extent to which they depend on access to specialized workers or materials).  

Business Mix.  The mix of businesses in downtown business districts, outlying industrial areas and bedroom communities are very different – reflecting their different needs for access to specialized worker skills, specialized materials or specialized markets.

These relationships mean that congestion can cause not only changes in the direct cost of production, but also additional changes in accessibility to specialized inputs.   By increasing transportation costs, congestion thus changes the distribution of shipments and trips as it reduces access to specialized workers and customer markets.  

In contrast, policies or investments that reduce congestion can lead to additional reduction of business operating costs as firms are now able to utilize labor that more specifically meets their production needs, and serve broader customer markets.  Effects of congestion reduction on productivity may thus come from improved access to broader worker and customer markets, as well as from logistic and scheduling efficiencies, and scale economies.
The economic models yielded coefficients reflecting the “elasticity of substitution” among product inputs. This reflects the extent to which firms purchase supplies which are specialized as opposed to basic commodities. In general, the more that the materials purchased are not specialized, the more firms can substitute closer suppliers when costs of obtaining products from more distant suppliers increase, as would occur with rising congestion. These elasticities thus indicate the extent to which businesses can adjust in order to offset congestion costs.  

Figure 1.  
Commuting Trip Length, by Occupation (Chicago Area)
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Figure 2.
  Location Pattern of Jobs by Industry in the Chicago Area
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Model Parameters –Elasticities of Substitution.

The technique used to estimate the elasticity of substitution parameters was maximum likelihood, which finds the parameters most likely to produce the observed number of trips in each zone and for each industry. All these coefficient estimates had a high degree of statistical accuracy and significance, as reflected by low standard deviations.   The actual estimation and application of regression coefficients (production model parameters) are the subject of considerable discussion in the full NCHRP report.  Key findings are shown in Tables 4 and 5, and are summarized below:

Table 4.  Estimated Elasticity of Substitution for Material Inputs, by Industry

	Delivered 
Product
	Elasticity of Substitution
	Standard Deviation
	
t-statistic

	Chicago
	
	
	

	   Agriculture
	
14.51
	0.41808
	34.7*

	   Mining
	
4.62
	0.27627
	16.7*

	   Manufacturing
	
7.44
	0.04913
	151.8*

	   Service/Other
	
10.61
	0.01042
	1018.2*

	Philadelphia
	
	
	

	   Agriculture
	
15.00
	0.33072
	45.4*

	   Mining
	
10.10
	0.20607
	49.0*

	   Manufacturing
	
6.81
	0.00786
	866.4*


* Statistically significant at the 99 percent confidence level.

Table 5.   
Elasticity of Substitution Coefficients for Labor, by Occupation

	
Occupation Category (Chicago)
	Elasticity of Substitution
	Standard Deviation

	   Precision Production, Craft, and Repair
	11.27
	0.017

	   Transportation and Material Moving
	11.35
	0.028

	   Executive, Administrative, and Managerial
	12.25
	0.016

	   Technician and Related Support
	12.83
	0.031

	   Machine Operators, Assemblers and Inspectors
	13.04
	0.024

	   Protective Services
	13.21
	0.043

	   Handlers, Cleaners, Helpers and Laborers
	13.75
	0.031

	   Sales
	13.05
	0.018

	   Professional Specialty
	14.57
	0.018

	   Administrative Support
	14.66
	0.016

	   Private Household Services
	16.02
	0.14

	   Services (excluding household and protective)
	16.49
	0.024


High Elasticity.  A high elasticity of substitution occurs when the supplier market is homogeneous (i.e., with little difference in quality or function of product), so that buyers are very willing to switch suppliers to save cost. For a purely homogenous commodity in a market with competing suppliers, a one percent increase in product cost for one supplier would lead to a 100 percent loss of sales to lower cost competitors.  

In the truck (freight delivery) models, the highest elasticity of substitution among inputs was found to occur for agricultural commodities.  In the worker commuting models, the highest elasticity of substitution was found to occur for service occupations, private household (e.g., maid) occupations and clerical occupations.  For these categories of business products and worker occupations, the models indicate that businesses are more concerned with lower cost than with finding specialized materials and worker skills, and tend to seek more local sources rather than pay additional transportation costs associated with congestion.

Low Elasticity.  A low elasticity of substitution occurs when the supplier market is differentiated (in terms of product quality and specialized function), and buyers value access to that differentiated market. In that case, buyers are less willing to switch suppliers due only to a change in product cost. In a fully differentiated product market, every supplier is unique, so individual producers do not lose sales if the price of their product rises.  

In the truck (freight delivery) models, the lowest elasticity of substitution among inputs was found to occur for manufactured products.  In the worker commuting models, the lowest elasticity of substitution was found to occur for executives and managers, precision production occupations and transportation and material moving occupations.  For these categories of business products and worker occupations, the models indicate that businesses seek a broader market area to obtain specialized materials and worker skills and, in the face of congestion, will pay a premium to reach them.

Interpretation of Model Coefficients

In general, the calibrated models for Chicago and Philadelphia yielded consistent results:

Industry Differences in Congestion Costs.  The results for both areas showed that industries with broader worker requirements and higher levels of truck shipping absorb higher costs associated with congestion.  They also benefit most from congestion reduction. 

Industry Sensitivity to Congestion Costs.  The production function models also showed that firms with lower-skilled labor requirements or non-specialized (commodity) input requirements tend to be hurt relatively less by congestion (and benefit relatively less from congestion reduction) than those with requirements for highly-skilled labor or highly-specialized material inputs.

Effect on Travel Patterns.  The models confirmed that congestion does reduce the agglomeration benefits of urban areas by reducing access to specialized labor and delivery markets, while businesses adjust with shorter trip lengths.  Conversely, congestion reduction can provide greater benefits to businesses associated with increased access to labor and delivery markets, though that is accomplished through some increases in vehicle-miles of travel.  

Economies of Scale.  The models also illustrated how traffic congestion has the effect of nullifying some of the agglomeration benefits of operating businesses in larger urban areas.  The labor cost model, for instance, indicated that doubling the effective labor market size leads to an average 6.5% increase in business productivity.

ILLUSTRATIVE CONGESTION SCENARIOS

The actual economic impacts of traffic congestion can differ by metropolitan area, depending on its economic profile and business location pattern.  Nevertheless, the two case study areas  studied here illustrate how congestion impacts can differ depending on the nature of the congestion scenario.  While it was beyond the scope of  this study to define or investigate the effectiveness of any particular transportation policies or strategies, some hypothetical scenarios were created to illustrate how they different forms of congestion timing and location can differentially affect business activity and costs.  The results were as follows:

Scenario 1: Truck Delivery Delays in the CBD.  The economic impacts were dramatically different depending on where the congestion occurred.  When congestion reduction was centered on the central business district (CBD) of both cities, the economic benefit was largely concentrated on those businesses located in the CBD.  That is because many of those CBD businesses are service oriented, relying on incoming deliveries of supplies but with relatively modest movements of outgoing truck deliveries to other parts of the metropolitan area.   

Scenario 2: Truck Delivery Delays in Industrial Zone.  In contrast, when the congestion reduction was centered around an older industrial area in both cities, then the economic benefits were widely distributed amongst industries and business locations throughout the metropolitan area. That is because the directly-affected businesses had a high level of outgoing truck shipments, serving broad industries and locations – from the CBD to outlying fringe areas.

Scenario 3: Region-wide Worker Commuting Delays. The economic impacts associated with worker access were also dramatically different depending on where the congestion occurred.  When congestion reduction was evenly distributed region-wide, the economic benefit was still largest for those businesses located on the periphery of the metropolitan area.  That is because there tend to be longer travel distances for workers and incoming deliveries coming into those businesses, and hence they are most highly affected by increases or decreases in congestion costs.   

Scenario 4: Commuting Delays for Outlying Residential Areas.  In contrast, when the congestion reduction was centered around an area with many skilled and educated workers, the economic benefit was broadly distributed among locations throughout the metropolitan area.  It was also greatest for types of businesses employing executives and precision-skilled workers.  

Findings Across all Scenarios.  The actual estimated costs of congestion depended on the specific scenario.  For the purely hypothetical scenarios used for this study, annual changes in business costs associated with product and service deliveries ranged from $20 million/year to $1 billion/year in a single region.  The annual changes in business costs associated with labor ranged from $1 million/year to $3 million/year in a single region.  (Results for two of the scenarios are summarized in Table 6.)  

However, the more important finding is that when we allow for flexible production functions (i.e., substitution among different workers and materials), then a decrease in congestion can lead to an increase in business productivity that is greater than the mere savings obtained if the exact same suppliers and workers were used.  That is because a decrease in congestion can allow urban businesses to access a broader pool of differentiated supplier products and worker skills.  This access to broader markets is an economic benefit that also shows up as an increase in vehicle-miles of travel (as shown in Table 6).

Table 6.  Impact of Two Alternative Scenarios Affecting Commuting Trips Only

	
	
	No Worker Adjustment -switch
	
With Worker Adjustment

	Scenario A:  10 Percent Constant Region-Wide Reduction in Commuting Time



	A.  Chicago Region
	
	
	

	VMT / Day
	35,757,446
	35,757,446 
	36,383,438

	      (% change)
	--
	
	(+1.751%)

	Total Cost of Labor / Day
	$382,341,672
	$380,740,700 
	$380,724,828

	      (% change)
	--
	(-0.419%)
	(-0.423%)

	B.  Philadelphia Region
	
	
	

	VMT / Day
	29,888,795
	29,888,795
	30,222,247

	      (% change)
	
	
	+1.1156%

	Total Cost of Labor / Day
	$300,231,474
	299,307,723
	299,302,605

	      (% change)
	
	-0.3077%
	-0.3094%

	Scenario B :  50 Percent Decrease in Vehicular Travel Time Only for One Sub-Area



	A.  Chicago Region Impacts (Congestion Change only on Lake County Commuters

	VMT
	35,757,446
	35,757,446
	35,981,137

	      (% change)
	--
	
	0.6256%

	Total Cost of Labor 
	$382,341,672
	381,898,954
	381,874,445

	      (% change)
	--
	-0.1158%
	-0.1222%

	Commuting Cost Element of Labor Cost
	47,012,761
	46,570,042
	46,774,786

	      (% change)
	
	-0.9417%
	-0.5062%

	B.  Philadelphia Region Impacts (Congestion Change only on Chester Commuters)

	VMT
	29,888,795
	29,888,795
	29,902,586

	      (% change)
	
	
	(0.046%)

	Total Cost of Labor 
	300,231,474
	300,202,616
	300,201,549

	      (% change)
	
	-0.0096%
	-0.0100%

	Commuting Cost Element of Labor Cost
	41,825,852
	41,797,033
	41,808,421

	      (% change)
	
	-0.069%
	-0.0418%


CONCLUSIONS

Contribution of this Study  

More Complete Measurement.  The most important aspect of this study is that it attempts to achieve a more complete representation of the real monetary cost of congestion to local or regional economies than the mere accounting of traveler expense and time.  This includes the incorporation of additional productivity costs associated with travel time variability, worker time availability, freight inventory and logistics/scheduling, just-in-time production processes, and economies of market access.  

Link to Productivity Studies.  The study also incorporates a concept of production functions that attempt to recognize the ability of businesses to sometimes substitute among inputs (and workers) to some degree, as they adjust to the higher costs of travel.  This effect is of particular note, for it helps to reconcile transportation impact analysis methods with more aggregate studies of the relationship between business productivity and transportation investment.  While some of the specific numbers generated in this study are affected by model assumptions, the analysis does provide insight into the ways in which travel time reduction can induced traffic growth.  

Scale Economies.  The economic analysis further demonstrates how congestion can effectively shrink business market areas and reduce the scale economies (agglomeration benefits) of operating in large urban areas.  

Application for Policy Testing.  This study end product is a demonstration of a general approach that can be applied for broader analysis of the economic costs of congestion around the country.  The model results show that a congestion alleviation strategy that explicitly considers impacts to firms in terms of their costs of doing business can provide a fuller picture of the trade-offs among alternative investments than a traditional comparison based merely on traveler costs.

Remaining Needs  

This study is also useful in identifying six classes of need for further research.  They are:

(1) Assessing the costs and traffic impacts of alternative congestion reduction strategies.  This study focused on developing ways to measure congestion impacts, and thus relied on simplified, hypothetical scenarios to test those measurement techniques.  It did not examine the costs or efficacy of any specific transportation policies or strategies to mitigate congestion in different types of land use and economic settings.  Of course, all of these elements must be addressed in the future, to fully assess the benefits and costs of alternative actions for congestion reduction. 

(2) Measuring congestion impacts for additional classes of trips.   This study focused on measuring economic impacts of congestion for local truck delivery costs and workforce-related costs.  It did not examine impacts on personal trips or shopping trips.   This was due to a lack of available inter-zonal data on their trip patterns and trip lengths.  Future research should attempt to acquire and analyze data on those classes of trips, to assess how congestion also affects them.

(3) Obtaining greater detail on truck movements.  While metropolitan planning organizations have detailed origin-destination data on commuting patterns by industry and occupation (from Census journey-to-work data), there is less detailed information available on truck movements.  For this study, we combined local information on truck flows with special tabulations of data on county-to-county intra-metropolitan freight movements to calculate local commodity flows.  Nevertheless, our datasets on truck trips still suffered from a lack on desired detail on industry and commodity breakdown for products being carried and their associated inter-zonal patterns, as well as a lack of data on truck trips with external (outside of the metro area) origins or destinations.  Also, much of the existing metropolitan data on truck movements misses delivery of business products and services via car, van and light delivery vehicle.  Future public planning processes should give attention to filling these data gaps. 

(4) Differentiating types of service delivery.  This study treated producers of services as a single industry, and considered a particular class of modeled trip, work-to-work trips, as a suitable surrogate.  However, there is considerable variation within service sector businesses in terms of reliance on transportation for their inputs and delivery of their services.  A useful extension of this study would be to develop a more detailed understanding of the delivery patterns and needs of service industries through carefully-designed surveys.  

(5) Testing measurement methods for additional metropolitan areas.  This study involved substantial effort working with two metropolitan planning organizations (MPOs) to obtain and derive inter-zonal data on trip patterns for specific trip purposes, industries and occupations.  Now that the methodology has been demonstrated to be feasible, further testing is needed to establish the level of consistency in statistical relationships (model elasticities) among a broader range of metropolitan areas.  Such testing is however, dependent on obtaining adequate detail on freight movements and service delivery movements within those additional areas.

(6) Examine long-term economic adjustment to congestion.  This study focuses on developing estimates of the cost changes incurred by business when congestion is increased or decreased – given fixed patterns of business location.  In fact, businesses can in the longer run also adjust locations in response to congestion changes.  In addition, shifts in region-wide congestion levels can affect the overall cost-competitiveness of doing business in a region, and hence its longer-term economic growth.  All of these issues remain for future research.
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		Dupage				61032		13.73		56793		11.74		13755		13.17		53214		11.83		61038		9.37		437		5.32		3807		10.91		20065		8.39		1430		9.87		32635		13.33		12234		10.39		9719		13.16		8798		10.25		203		21.32

		Kane				16675		16.29		15967		13.81		4832		14.07		15647		14.38		20928		12.44		145		13.23		1800		11.46		9803		11.25		1132		18.29		15830		16.82		10177		13.02		5093		16.14		5038		13		60		27.45

		Lake				36295		22.47		31297		19.47		7382		19.67		29596		22.98		31610		21.09		416		27.52		2771		21.39		13446		23.99		1417		28.34		20545		27.94		9289		24.94		5520		28.23		5878		28.03		4558		7.17

		McHenry				11161		40.14		9267		40.19		2812		40.49		10162		44.73		12180		42.46		69		54.48		728		43.45		5630		50.01		877		67.82		11006		47.17		4515		53.6		3020		53.52		2516		51.57		47		20.28

		Will				16749		22.12		17665		19.27		5118		21.2		17699		20.27		22979		18.73		118		30.3		3163		19.58		11941		18.18		1118		27.67		19133		26.44		8685		27.47		6943		28.25		5987		23.95		163		28.34

		Kendall				1933		29.8		1902		27.07		505		21.12		1951		35.81		3034		27.6		17		35.11		228		32.19		1228		36.57		265		51.85		2186		31.92		1228		27.06		712		39.07		681		30.94		8		71.02

		Grundy				1024		55.18		1337		53.69		496		50.17		1071		54.73		1781		52.89		34		69.63		268		51.16		1231		55.57		229		62.05		1883		55.72		891		54.59		595		55.83		469		56.11		2		79.35

		Indiana				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Wisconsin				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Illinois(West)				282		57.09		245		59.92		100		53.59		297		58.32		147		58.1		0		X		11		44.73		109		60.28		15		90		233		69.84		120		81.72		199		59.7		11		68.37		3		78.91

		Illinois(South)				2965		13.57		3748		10.23		1421		11.32		3600		14.24		4816		12.14		89		25.11		575		13.86		3522		10.93		453		31.96		3749		20.95		2651		19.35		1487		22.87		1599		17.34		16		0

		No Physical Zone				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		POE's				8362		48.8		6968		48.45		2893		46.77		8106		50.59		9478		45.88		52		74.21		943		49.8		4590		49.46		590		53.03		12126		50.6		6210		51.14		5397		51.13		3379		51.65		441		49.06

		Car Trips Ending by Occupation

						Occupation 1				Occupation 2				Occupation 3				Occupation 4				Occupation 5				Occupation 6				Occupation 7				Occupation 8				Occupation 9				Occupation 10				Occupation 11				Occupation 12				Occupation 13				Occupation 14

						count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average

								length				length				length				length				length				length				length				length				length				length				lengtth				length				length				length

		Central Area				33307		17.44		31190		15.29		6146		16.56		22986		17.62		34657		15.23		195		11.86		8452		14.3		14638		13.05		629		14.43		22174		18.14		9732		13.49		11068		16.52		7068		13.99		194		17.61

		Chicago				55283		13.83		73221		11.82		15322		15.17		46725		13.71		63917		11.53		530		8.8		15670		10.56		35770		11.46		1418		13.92		57660		14.52		28505		10.74		24625		14.14		18322		12.82		545		20.07

		North Cook				81382		13.16		69391		11.76		17856		14.45		73047		12.33		90664		10.85		809		11.06		5315		11.76		29369		10.47		2203		12.49		46580		16.12		24792		13.96		13485		17.15		12140		13.9		1031		13.69

		West Cook				35137		14.06		32310		11.67		8248		12.86		30742		12.72		46386		9.37		354		8.05		4842		9.6		17027		9.07		1053		11.73		30876		12.97		19241		11.09		15244		14.81		11404		10.83		281		19.36

		South Cook				21958		11.9		28290		10.43		5987		11.49		30997		10		34418		8.69		276		7.1		3570		8.49		21165		7.87		985		11.01		21505		12.16		9554		11.92		9351		12.23		8411		10.46		209		8.03

		Dupage				59189		13.07		52507		11.09		14624		13.92		56299		11.81		71329		10.53		488		7.82		4158		12.46		23320		9.33		1855		12.93		35411		14.6		16332		13.47		11396		15.44		10841		12.32		91		20.14

		Kane				14759		13.14		15863		11.84		4700		12.57		14100		11.77		18875		10.63		176		16.07		1957		13.89		9398		9.8		995		15.7		13978		13.79		8576		11		4623		15.17		4840		12.35		54		33.47

		Lake				23780		14.62		25585		13.26		6660		15.66		17380		11.57		26061		13.11		322		11.28		2080		11.36		10392		10.95		1049		13.23		15054		16.85		7265		14.26		3909		15.23		4348		12.61		4683		8.39

		McHenry				2439		10.71		2675		11.53		638		14.98		2420		12.75		3127		9.2		24		1.78		270		16.67		1775		8.13		106		12.52		2681		15.39		1547		13.55		615		14.15		771		11.88		20		1.14

		Will				6776		13.32		9457		11.46		2269		12.91		7485		11.52		10130		9.76		89		31.23		2160		11.54		6336		7.99		404		12.2		6806		13.29		3259		12.4		2325		12.21		2253		9.44		85		35.04

		Kendall				222		16.76		584		10.63		100		12.17		72		14.66		337		11.29		0		X		25		9.95		134		14.65		8		7.51		625		14.48		880		16.73		172		14.09		97		12.6		0		X

		Grundy				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Indiana				13283		68.45		12983		66.34		3216		64.37		14602		68.08		16808		68.86		308		66.82		1747		63		11364		68		2549		64.86		19414		67.53		10430		69.85		6293		67.57		5992		69.04		116		60.5

		Wisconsin				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Illinois(West)				182		44.82		201		56.38		36		55.92		179		48.96		56		39.24		0		X		8		58.9		34		47.45		20		35.28		94		48.26		19		56.23		29		51.55		35		50.35		0		X

		Illinois(South)				2278		5.05		3194		4.2		1158		3.91		2621		3.17		3726		2.78		34		2.89		375		2.12		2803		2.7		109		7.01		2281		6.82		1543		4.07		752		5.18		1044		3.37		16		0

		No Physical Zone				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		PEO's				3728		47.63		3400		41.99		743		36.45		2987		48.39		1897		37.14		18		60.38		202		47.19		1415		39.81		136		46.74		2950		36.13		1286		38.68		1344		44.92		702		35.51		93		44.99

														Differences

		Industry Differences

						Count		Average

								Distance

		Agriculture				25528		8.84

		Mining				2280		5.31

		Constrution				255455		11.12

		Manufacturing				786498		12.68

		Transportation				202071		9.41

		Communications				78674		8.19

		Wholesale				203667		9.61

		Retail				547016		10.87

		Service				592562		9.56

		Occupation Differences

										Car				Carpool				Public				Other

										Count		Average		Count		Average		Count		Average		Count		Average

												Distance				Distance				Distance				Distance

		Executive, Administrative, and Managerial								354106		16.15		43619		15.62		85880		17.36		17557		5.54

		Professional Specialty								361080		14.17		46617		13.91		69950		14.72		24067		4.47

		Technicians and Related Support								87747		16.13		12376		16.1		20799		15.67		5001		7.86

		Sales								323229		15.35		38425		13.33		54675		13.64		24161		5.01

		Administrative Support(including clerical)								423034		13.36		78803		13.92		134078		13.84		28343		4.79

		Private Household								3612		15.34		1374		12.96		2425		11.83		1014		6.67

		Protective service								50863		13.35		5433		13.22		7283		11.64		2925		4.64

		Service (excluding private and protective)								185060		13.83		48492		13.2		60470		9.95		31021		6.42

		Farming, Forestry, and Fishing								13527		23.11		5772		21.2		1531		10.5		2148		20.7

		Precision production, craft, and repair								278367		18.67		58352		20.42		22171		14.46		10066		8.53

		Machine operators, assemblers, inspectors								143338		16.69		57533		16.96		26912		10.02		10708		7.59

		Transportation and material moving								105358		18.41		12559		18.6		8318		11.88		5615		10.65

		handlers, equipment cleaners, helpers								88431		16.27		28839		16.49		16790		10.56		9223		6.67

		Armed Forces								7424		12.49		1456		11.39		395		14.68		11281		2.49
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		Truck Trips		trips originating		trips ending

		Central Area		6.23		11.54

		Chicago		6.76		10.76

		North Cook		10.18		10.71

		West Cook		8.17		11.87

		South Cook		11.16		9.69

		Dupage		11.44		10.78

		Kane		14.53		10.6

		Lake		15.21		9.67

		McHenry		17.67		11.1

		Will		17.65		12.16

		Kendall		27.12		13.52

		Grundy		37.44		10.08

		Commuting Trips		trips originating		trips ending

		Central Area		10.56		15.98

		Chicago		10.58		12.75

		North Cook		11.13		12.71

		West Cook		9.27		11.8

		South Cook		14.01		10.29

		Dupage		11.63		12.08

		Kane		14.19		12.08

		Lake		22.54		13.46

		McHenry		45		11.86

		Will		21.9		11.36

		Kendall		31.01		14.03

		Truck Trips		trips originating		trips ending

		Agriculture Products		8.7		8.2

		Mining Prducts		5.3		4.1

		Construction		11		9.7

		Manufacturing		12.6		11.3

		Transportation		9.4		8.6

		Communications		8.2		6.7

		Wholesale		9.6		8.3

		Retail		10.8		9.7

		Service		9.5		8.6

		Commuting Trips		Avg. Distance

		Exec, Admi, Mgr.		16.15

		Professional Specialty		14.17

		Technicians		16.13

		Sales		15.35

		Clerical/Support		13.36

		Protective service		13.35

		Other Services		13.83

		Precision production		18.67

		Machine operators		16.69

		Transportation		18.41

		handlers, helpers		16.27

				% Finance-Insurance		% Manufacturing		% Retail		%Other

		Central Area		18		11		10		61

		Chicago		6		19		16		59

		North Cook		9		24		16		51

		West Cook		6		26		16		52

		South Cook		7		14		25		54

		Dupage		8.6		19		18		54.4

		Kane		7		24		17		52

		Lake		7		22		15		56

		McHenry		6		27		17		50

		Will		5		17		19		59
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Figure 5. Truck Trip Length by Origin-Destination Area
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Figure 3. Commuting Trip Length by Origin-Destination Area
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Figure 4. Truck Trip Length by Industry
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Figure 1. Commuting Trip Length by Occupation Category
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Figure 2.  Industry Mix of Commuters,by Area of Destination
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										Metro Area Data Set Overview

		Number of Commuting Trips

		Total		3586639

		Car		2441904

		Carpool		443008

		Public		512885

		Other		188842

		Number of Truck Trips

		All Industries		2693751

		Average Trip Distance(miles)

		All(car, pool, pub, other)				14.48

		car-work only				15.48

		car pool				15.66

		public				13.78

		other				5.91

		Truck Trips				10.83

		Truck Trip Profile

						count		(%)

		total				2693751		100

		Agriculture				25528		0.95

		Mining				2280		0.08

		Constrution				255455		9.48

		Manufacturing				786498		29.2

		Transportation				202071		7.5

		Communications				78674		2.92

		Wholesale				203667		7.56

		Retail				547016		20.31

		Service				592562		22

		Car Commuting Trip Profile

										count		(%)

		total								2425176		100

		Executive, Administrative, and Managerial								354106		14.6

		Professional Specialty								361080		14.89

		Technicians and Related Support								87747		3.62

		Sales								323229		13.33

		Administrative Support(including clerical)								423034		17.44

		Private Household								3612		0.15

		Protective service								50863		2.1

		Service (excluding private and protective)								185060		7.63

		Farming, Forestry, and Fishing								13527		0.56

		Precision production, craft, and repair								278367		11.48

		Machine operators, assemblers, Inspectors								143338		5.91

		Transportation and material moving								105358		4.34

		Handlers, equipment cleaners, helpers								88431		3.65

		Armed forces								7424		0.31

														County Profiles

		Truck Trips Originating				count		average								Truck Trips Ending				count		average

								length														length

		Central Area				52784		6.23								Central Area				91932		11.54

		Chicago				742073		6.76								Chicago				987110		10.76

		North Cook				419707		10.18								North Cook				411000		10.71

		West Cook				264133		8.17								West Cook				334091		11.87

		South Cook				268555		11.16								South Cook				204635		9.69

		Dupage				338137		11.44								Dupage				295510		10.78

		Kane				127698		14.53								Kane				87378		10.6

		Lake				214102		15.21								Lake				140427		9.67

		McHenry				84608		17.67								McHenry				46384		11.1

		Will				136593		17.65								Will				80968		12.16

		Kendall				22547		27.12								Kendall				9071		13.52

		Grundy				18465		37.44								Grundy				5365		10.08

		Indiana				277		6.98								Indiana				126		5.03

		Wisconsin				0		X								Wisconsin				0		X

		Illinois(West)				0		X								Illinois(West)				0		X

		Illinois(South)				3227		31.58								Illinois(South)				576		13.88

		No Physical Zone				0		X								No Physical zone				0		X

		POE's				2656		45.99								POE's				408		9.02

		Truck Trip Originating By Industry

						Agriculture				Mining				Construction				Manufacturing				Transportation				Communications				Wholesale				Retail				Service

						count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average

								length				length				length				length				length				length				length				length				length

		Central Area				773		4.59		34		2.54		3299		6.38		16353		6.76		3549		6.48		1315		5.5		3823		5.85		9826		6.34		13812		5.69

		Chicago				4162		5.68		473		3.34		55356		6.65		197556		7.33		72356		6.56		24518		5.57		50155		6.35		147320		6.92		190177		6.44

		North Cook				3529		7.56		173		3.51		36634		10.1		119807		11.43		28756		10.03		8992		8.45		42156		9.03		87206		10.14		92454		9.49

		West Cook				1471		5.96		192		4.22		22400		7.66		81325		8.68		22833		7.55		6438		6.28		21007		7.51		54185		8.33		54282		8.26

		South Cook				1060		9.02		195		3.91		28664		9.9		67401		13.1		24845		10.14		7334		8.29		16747		9.68		62082		11.22		60227		10.79

		Dupage				2420		7.78		377		5.6		33865		10.79		95676		12.99		21779		10.5		12426		8.28		31504		10.45		69490		11.69		70600		10.86

		Kane				2360		9.61		189		6.4		14267		13.28		49324		16.89		5277		12.06		3353		9.66		7999		12.32		23698		14.51		21231		12.74

		Lake				3266		8.6		162		5.77		24166		14.79		69976		17.87		7479		13.77		4235		9.26		14621		13.83		41434		15.39		48763		13.08

		McHenry				2730		10.83		127		7.82		12899		16.79		29938		20.77		4539		14.95		1770		11.53		5932		16.32		14536		17.63		12137		15.25

		Will				1570		10.24		270		7.42		16827		15.49		42292		20.85		8655		17.09		5972		12.57		7562		15.57		29332		17.64		24113		16.28

		Kendall				881		16.31		56		11.31		3370		27.85		7747		29.5		1029		30.85		1016		21.39		1419		28.19		4069		27.51		2960		23.23

		Grundy				893		17.43		25		12.11		3052		38.23		6897		43.84		882		40.34		1278		23.64		555		36.04		3197		38.42		1686		28.37

		Indiana				4		8.21		0		X		87		7.6		87		8.23		31		5.19		6		3.85		0		X		38		5.79		24		4.93

		Wisconsin				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Illinois(West)				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Illinois(South)				149		19.61		7		10.98		497		31.17		1212		35.66		177		29.55		17		17.11		180		28.86		562		31.29		426		27.93

		No Physical Zone				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		POE's				294		26.81		0		X		303		46.92		994		51.12		245		50.92		56		32.92		199		48.22		354		48.06		211		39.32

						25115		217367.43		2273		12034.29		254799		2814567.17		784292		9877766.03		201979		1888795.49		78647		642923.32		203480		1945918.31		546375		5916259.6		592442		5648197.76

								8.6548847302				5.2944522657				11.0462253384				12.5945005559				9.3514449027				8.1747977672				9.563192009				10.8282033402				9.5337564859

		Truck Trips Ending by Industry

						Agriculture				Mining				Construction				Manufacturing				Transportation				Communications				Wholesale				Retail				Service

						count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average

								length				length				length				length				length				length				length				length				length

		Central Area				1404		10.33		42		3.04		5412		11.41		29727		13.45		5324		9.95		1938		8.13		6394		10.16		17394		11.58		24297		10.29

		Chicago				4870		8.39		513		3.94		75510		11.07		278056		12.73		92717		9.46		29641		7.61		64759		9.5		197780		10.98		243264		9.49

		North Cook				3944		8.51		182		4.09		36803		10.9		118974		12.56		25445		9.21		8157		7.77		43002		9.65		85760		10.68		88733		9.51

		West Cook				1514		7.83		208		4.98		29918		11.82		110179		13.78		27610		10.28		7369		8.38		26342		10.28		68383		11.78		62568		10.53

		South Cook				879		6.94		190		3.85		25857		10.14		47619		11.17		17984		8.59		5588		7.23		12814		7.95		49042		9.94		44662		8.92

		Dupage				2418		7.71		401		6.63		32116		11.18		82205		12.79		17774		9.02		12707		9.01		28040		9.68		60098		10.75		59751		9.42

		Kane				2270		9.73		184		6.38		10771		11.15		33592		12.02		3270		8.41		2484		8.22		5134		9.41		15460		10.09		14213		8.93

		Lake				2874		7.88		156		5.37		17079		10.24		43088		10.76		4688		8.2		3580		7.23		9326		9.47		26349		9.59		33287		8.71

		McHenry				2341		10.02		96		5.65		8044		11.83		15401		12.69		2440		9.28		1112		7.85		2958		9.73		7514		10.56		6478		9.4

		Will				1511		10.54		261		7.46		11754		12.6		23182		13.64		4395		10.73		4955		11.33		4383		10.98		16899		12.09		13628		10.75

		Kendall				654		12.12		35		6.31		1339		15.13		3047		15.28		266		10.46		485		12.35		444		11.5		1559		12.78		1242		11.18

		Grundy				640		10.32		15		6.02		824		11.03		1546		10.98		192		8.14		640		9.51		123		7.67		781		9.65		604		8.55

		Indiana				1		0.84		0		X		46		6.04		41		5.58		11		3.86		3		2.48		0		X		17		3.5		7		2.45

		Wisconsin				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Illinois(West)				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Illinois(South)				80		11.15		2		0		87		15.73		213		16.29		17		7.27		3		1.67		23		8.18		85		13.95		66		11.59

		No Physical Zone				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		PEO's				156		6.37		0		X		25		10.31		112		14.87		26		4.69		11		5.79		17		3.43		32		9.7		29		7.14

		sum				25319		205529.2		2283		9472.87		255427		2482214.38		786616		8926542.45		202105		1742827.52		78656		530104.68		203719		1687394.15		547019		5301788.67		592727		5102964.22

		mean						8.1175875824				4.1493079282				9.7179013182				11.3480306147				8.6233765617				6.7395326485				8.2829493076				9.6921472015				8.6092994245

		Car Trips Originating				count		average								Car Trips Ending				count		average

								length														length

		Central Area				18928		10.56								Central Area				202436		15.98

		Chicago				515717		10.58								Chicago				437513		12.75

		North Cook				404104		11.13								North Cook				468064		12.71

		West Cook				224978		9.27								West Cook				253145		11.8

		South Cook				262626		14.01								South Cook				196676		10.29

		Dupage				335160		11.63								Dupage				357840		12.08

		Kane				123127		14.19								Kane				112894		12.08

		Lake				200020		22.54								Lake				148568		13.46

		McHenry				73990		45.09								McHenry				19108		11.86

		Will				137461		21.9								Will				59834		11.36

		Kendall				15878		31.01								Kendall				3256		14.03

		Grundy				11311		54.63								Grundy				0		X

		Indiana				0		X								Indiana				119105		67.87

		Wisconsin				0		X								Wisconsin				0		X

		Illinois(West)				1772		61.72								Illinois(West)				893		49.4

		Illinois(South)				30691		14.96								Illinois(South)				21934		3.95

		No Physical Zone				0		X								No Physical zone				0		X

		POE's				69535		49.45								POE's

		Car Trip Originating By Occupation

						Occupation 1				Occupation 2				Occupation 3				Occupation 4				Occupation 5				Occupation 6				Occupation 7				occupation 8				Occupation 9				Occupation 10				Occupation 11				Occupation 12				Occupation 13				Occupation 14

						count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average

								length				length				length				length				length				length				length				length				length				length				length				length				length				length

		Central Area				4466		12.47		4195		9.13		510		11.19		2731		12.07		1557		8.71		40		13.77		303		10.02		1085		8.37		138		10.51		1445		8.82		1248		11.32		495		8.88		681		11.63		34		11.6

		Chicago				56625		10.51		75996		10.16		17473		11.72		50459		10.34		86790		10.01		1089		11.71		21172		10.71		46785		10.09		2042		12.64		60242		11.17		42799		10.95		29412		11.31		24275		11.14		558		18.19

		North Cook				76881		12.46		67661		11.41		14514		12.19		67042		11.35		75937		9.19		526		7.84		4513		9.86		24875		8.59		1790		11.1		35344		13.02		15096		10.57		9763		12.69		9279		10.56		883		8.89

		West Cook				27647		10.48		31205		9.59		7418		11.15		26136		8.99		44608		8.17		251		7.07		4940		7.52		17704		7.66		989		10.38		27272		10.31		15164		8.95		12131		10.66		9368		8.61		145		11.79

		South Cook				32107		15.57		36988		13.89		8524		15.97		35459		12.82		46063		12.59		329		12.55		5642		13.56		22958		10.58		1043		14		34728		16.88		13140		14		14849		16.36		10493		13.21		303		19.2

		Dupage				61032		13.73		56793		11.74		13755		13.17		53214		11.83		61038		9.37		437		5.32		3807		10.91		20065		8.39		1430		9.87		32635		13.33		12234		10.39		9719		13.16		8798		10.25		203		21.32

		Kane				16675		16.29		15967		13.81		4832		14.07		15647		14.38		20928		12.44		145		13.23		1800		11.46		9803		11.25		1132		18.29		15830		16.82		10177		13.02		5093		16.14		5038		13		60		27.45

		Lake				36295		22.47		31297		19.47		7382		19.67		29596		22.98		31610		21.09		416		27.52		2771		21.39		13446		23.99		1417		28.34		20545		27.94		9289		24.94		5520		28.23		5878		28.03		4558		7.17

		McHenry				11161		40.14		9267		40.19		2812		40.49		10162		44.73		12180		42.46		69		54.48		728		43.45		5630		50.01		877		67.82		11006		47.17		4515		53.6		3020		53.52		2516		51.57		47		20.28

		Will				16749		22.12		17665		19.27		5118		21.2		17699		20.27		22979		18.73		118		30.3		3163		19.58		11941		18.18		1118		27.67		19133		26.44		8685		27.47		6943		28.25		5987		23.95		163		28.34

		Kendall				1933		29.8		1902		27.07		505		21.12		1951		35.81		3034		27.6		17		35.11		228		32.19		1228		36.57		265		51.85		2186		31.92		1228		27.06		712		39.07		681		30.94		8		71.02

		Grundy				1024		55.18		1337		53.69		496		50.17		1071		54.73		1781		52.89		34		69.63		268		51.16		1231		55.57		229		62.05		1883		55.72		891		54.59		595		55.83		469		56.11		2		79.35

		Indiana				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Wisconsin				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Illinois(West)				282		57.09		245		59.92		100		53.59		297		58.32		147		58.1		0		X		11		44.73		109		60.28		15		90		233		69.84		120		81.72		199		59.7		11		68.37		3		78.91

		Illinois(South)				2965		13.57		3748		10.23		1421		11.32		3600		14.24		4816		12.14		89		25.11		575		13.86		3522		10.93		453		31.96		3749		20.95		2651		19.35		1487		22.87		1599		17.34		16		0

		No Physical Zone				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		POE's				8362		48.8		6968		48.45		2893		46.77		8106		50.59		9478		45.88		52		74.21		943		49.8		4590		49.46		590		53.03		12126		50.6		6210		51.14		5397		51.13		3379		51.65		441		49.06

		Car Trips Ending by Occupation

						Occupation 1				Occupation 2				Occupation 3				Occupation 4				Occupation 5				Occupation 6				Occupation 7				Occupation 8				Occupation 9				Occupation 10				Occupation 11				Occupation 12				Occupation 13				Occupation 14

						count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average		count		average

								length				length				length				length				length				length				length				length				length				length				lengtth				length				length				length

		Central Area				33307		17.44		31190		15.29		6146		16.56		22986		17.62		34657		15.23		195		11.86		8452		14.3		14638		13.05		629		14.43		22174		18.14		9732		13.49		11068		16.52		7068		13.99		194		17.61

		Chicago				55283		13.83		73221		11.82		15322		15.17		46725		13.71		63917		11.53		530		8.8		15670		10.56		35770		11.46		1418		13.92		57660		14.52		28505		10.74		24625		14.14		18322		12.82		545		20.07

		North Cook				81382		13.16		69391		11.76		17856		14.45		73047		12.33		90664		10.85		809		11.06		5315		11.76		29369		10.47		2203		12.49		46580		16.12		24792		13.96		13485		17.15		12140		13.9		1031		13.69

		West Cook				35137		14.06		32310		11.67		8248		12.86		30742		12.72		46386		9.37		354		8.05		4842		9.6		17027		9.07		1053		11.73		30876		12.97		19241		11.09		15244		14.81		11404		10.83		281		19.36

		South Cook				21958		11.9		28290		10.43		5987		11.49		30997		10		34418		8.69		276		7.1		3570		8.49		21165		7.87		985		11.01		21505		12.16		9554		11.92		9351		12.23		8411		10.46		209		8.03

		Dupage				59189		13.07		52507		11.09		14624		13.92		56299		11.81		71329		10.53		488		7.82		4158		12.46		23320		9.33		1855		12.93		35411		14.6		16332		13.47		11396		15.44		10841		12.32		91		20.14

		Kane				14759		13.14		15863		11.84		4700		12.57		14100		11.77		18875		10.63		176		16.07		1957		13.89		9398		9.8		995		15.7		13978		13.79		8576		11		4623		15.17		4840		12.35		54		33.47

		Lake				23780		14.62		25585		13.26		6660		15.66		17380		11.57		26061		13.11		322		11.28		2080		11.36		10392		10.95		1049		13.23		15054		16.85		7265		14.26		3909		15.23		4348		12.61		4683		8.39

		McHenry				2439		10.71		2675		11.53		638		14.98		2420		12.75		3127		9.2		24		1.78		270		16.67		1775		8.13		106		12.52		2681		15.39		1547		13.55		615		14.15		771		11.88		20		1.14

		Will				6776		13.32		9457		11.46		2269		12.91		7485		11.52		10130		9.76		89		31.23		2160		11.54		6336		7.99		404		12.2		6806		13.29		3259		12.4		2325		12.21		2253		9.44		85		35.04

		Kendall				222		16.76		584		10.63		100		12.17		72		14.66		337		11.29		0		X		25		9.95		134		14.65		8		7.51		625		14.48		880		16.73		172		14.09		97		12.6		0		X

		Grundy				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Indiana				13283		68.45		12983		66.34		3216		64.37		14602		68.08		16808		68.86		308		66.82		1747		63		11364		68		2549		64.86		19414		67.53		10430		69.85		6293		67.57		5992		69.04		116		60.5

		Wisconsin				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		Illinois(West)				182		44.82		201		56.38		36		55.92		179		48.96		56		39.24		0		X		8		58.9		34		47.45		20		35.28		94		48.26		19		56.23		29		51.55		35		50.35		0		X

		Illinois(South)				2278		5.05		3194		4.2		1158		3.91		2621		3.17		3726		2.78		34		2.89		375		2.12		2803		2.7		109		7.01		2281		6.82		1543		4.07		752		5.18		1044		3.37		16		0

		No Physical Zone				0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X		0		X

		PEO's				3728		47.63		3400		41.99		743		36.45		2987		48.39		1897		37.14		18		60.38		202		47.19		1415		39.81		136		46.74		2950		36.13		1286		38.68		1344		44.92		702		35.51		93		44.99

														Differences

		Industry Differences

						Count		Average

								Distance

		Agriculture				25528		8.84

		Mining				2280		5.31

		Constrution				255455		11.12

		Manufacturing				786498		12.68

		Transportation				202071		9.41

		Communications				78674		8.19

		Wholesale				203667		9.61

		Retail				547016		10.87

		Service				592562		9.56

		Occupation Differences

										Car				Carpool				Public				Other

										Count		Average		Count		Average		Count		Average		Count		Average

												Distance				Distance				Distance				Distance

		Executive, Administrative, and Managerial								354106		16.15		43619		15.62		85880		17.36		17557		5.54

		Professional Specialty								361080		14.17		46617		13.91		69950		14.72		24067		4.47

		Technicians and Related Support								87747		16.13		12376		16.1		20799		15.67		5001		7.86

		Sales								323229		15.35		38425		13.33		54675		13.64		24161		5.01

		Administrative Support(including clerical)								423034		13.36		78803		13.92		134078		13.84		28343		4.79

		Private Household								3612		15.34		1374		12.96		2425		11.83		1014		6.67

		Protective service								50863		13.35		5433		13.22		7283		11.64		2925		4.64

		Service (excluding private and protective)								185060		13.83		48492		13.2		60470		9.95		31021		6.42

		Farming, Forestry, and Fishing								13527		23.11		5772		21.2		1531		10.5		2148		20.7

		Precision production, craft, and repair								278367		18.67		58352		20.42		22171		14.46		10066		8.53

		Machine operators, assemblers, inspectors								143338		16.69		57533		16.96		26912		10.02		10708		7.59

		Transportation and material moving								105358		18.41		12559		18.6		8318		11.88		5615		10.65

		handlers, equipment cleaners, helpers								88431		16.27		28839		16.49		16790		10.56		9223		6.67

		Armed Forces								7424		12.49		1456		11.39		395		14.68		11281		2.49
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Sheet2

		Truck Trips		trips originating		trips ending

		Central Area		6.23		11.54

		Chicago		6.76		10.76

		North Cook		10.18		10.71

		West Cook		8.17		11.87

		South Cook		11.16		9.69

		Dupage		11.44		10.78

		Kane		14.53		10.6

		Lake		15.21		9.67

		McHenry		17.67		11.1

		Will		17.65		12.16

		Kendall		27.12		13.52

		Grundy		37.44		10.08

		Commuting Trips		trips originating		trips ending

		Central Area		10.56		15.98

		Chicago		10.58		12.75

		North Cook		11.13		12.71

		West Cook		9.27		11.8

		South Cook		14.01		10.29

		Dupage		11.63		12.08

		Kane		14.19		12.08

		Lake		22.54		13.46

		McHenry		45		11.86

		Will		21.9		11.36

		Kendall		31.01		14.03

		Truck Trips		trips originating		trips ending

		Agriculture Products		8.7		8.2

		Mining Prducts		5.3		4.1

		Construction		11		9.7

		Manufacturing		12.6		11.3

		Transportation		9.4		8.6

		Communications		8.2		6.7

		Wholesale		9.6		8.3

		Retail		10.8		9.7

		Service		9.5		8.6

		Commuting Trips		Avg. Distance

		Exec, Admi, Mgr.		16.15

		Professional Specialty		14.17

		Technicians		16.13

		Sales		15.35

		Clerical/Support		13.36

		Protective service		13.35

		Other Services		13.83

		Precision production		18.67

		Machine operators		16.69

		Transportation		18.41

		handlers, helpers		16.27

				% Finance-Insurance		% Manufacturing		% Retail		%Other

		Central Area		18		11		10		61

		Chicago		6		19		16		59

		North Cook		9		24		16		51

		West Cook		6		26		16		52

		South Cook		7		14		25		54

		Dupage		8.6		19		18		54.4

		Kane		7		24		17		52

		Lake		7		22		15		56

		McHenry		6		27		17		50

		Will		5		17		19		59
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Figure 5. Truck Trip Length by Origin-Destination Area
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Figure 3. Commuting Trip Length by Origin-Destination Area
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Figure 4. Truck Trip Length by Industry
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Figure 1. Commuting Trip Length by Occupation Category
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Figure 2.  Industry Mix of Commuters,by Area of Destination
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