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CDSS Overview

(
1.1
Introduction to the CDSS

The Congestion Decision Support System (CDSS) is a sketch planning software tool for analyzing the economic impacts of congestion to businesses as producers of goods and services.  These impacts are expressed as monetary costs which producers of goods and services bear as a consequence of changes in congestion levels, caused by changes in levels of transportation supply or demand.  The methodological approach used in this software and the economic theory which underlies it has been described in NCHRP 2-21, Economic Implications of Congestion.  The software allows readers of that document to test those models developed in order to understand how those models may be implemented.  It is intended to be used as a companion the 2-21 document.  

The software has several notable features.  The CDSS provides a convenient user interface which allows users to develop sample model inputs, including travel demand inputs, model parameters, and program configuration files.  A database for secure storage of key inputs and parameters has been developed as well.  Users develop model inputs and perform analyses through a familiar MS Windows interface, and can develop and test small data sets quickly. 

The CDSS software is intended for planners, engineers and academicians familiar with transportation user benefit analysis.  The CDSS illustrates an extension of that analysis to include costs to businesses as producers of goods and services. 

(
1.2
Structure of the Analysis

The CDSS performs congestion cost analyses for two travel markets directly related to business production costs: the commuter and commercial travel markets.  These markets are analyzed separately due to differences in the types and magnitude of costs each incurs.  The commuter market analysis includes a fraction of the hourly wage, and out-of-pocket travel and maintenance costs (50%) as borne by producers.  The commercial market analysis, which refers to freight (truck) shipping and service delivery, considers full driver and vehicle maintenance and operating costs, the value of the shipment (for shipping) and just-in-time demands.  The additional costs of travel time variability are considered for both markets.  

Accounting for these cost factors in estimating total congestion costs is not unique, with the potential exception of the travel time variability cost estimates.  However, the CDSS features two unique approaches to estimating congestion costs:

1. In calculating congestion costs, the CDSS differentiates among various industries, as employers hiring labor and as producers that require inputs shipped to them; and

2. Related to (1) above, the CDSS recognizes and estimates changes in demand (VMT) due to changes in costs.  Thus, the model accounts for changes in demand due to changes in costs in the commercial and commuter travel markets.  

Data Requirments.  These outputs – industry costs and travel demand effects- require input data not typically developed in traditional transportation demand analyses.  In order to perform a commuter cost analysis, employment and population data by occupation is required.  However, the Census Transportation Planning Package (CTPP) provides this information by traffic analysis zone for many urban areas in the country.  NCHRP 2-21 shows how Census employment and population data for the Philadelphia region were used in a case study..  In order to perform a commercial cost analysis, origin/destination data on truck travel by industry is required.  An analysis of impacts on the service sector requires data on service trips.  However, the Commodity Flow Survey (CFS) can supply some origin/destination data on commodity flows by industry.  Additionally, the CDSS provides a utility for converting commodity flows into truck trips for analyzing congestion costs.  

The analysis generates results based on differences in measures of effectiveness between two investment scenarios.  The base scenario represents transportation conditions indicative of “status quo” investments, without the transportation project that is the subject of the analysis.  The investment scenario represents transportation conditions indicative of the transportation investment which is the subject of the study.  Transportation times and costs among the distinct travel markets are the key measures of effectiveness used in the analysis. 
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1.3
Model Background

The economic models developed for the CDSS are based on the concept of product differentiation.  Product differentiation refers to the preference firms have for a choice among inputs, including 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 (or specialization) 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, access to specialized inputs is constrained, and, on average, the firm must settle for an inferior substitute.  When access increases, as when congestion decreases, the firm realizes a benefit, which can be quantified, in access to superior goods.

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 – indicating 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 – indicating that firms get inputs from wherever is convenient nearby and are less willing to pay additional transportation costs for their inputs.

In order to understand the link between a particular change in congestion and its effect on productivity, it is necessary to have a economic model that explicitly recognizes how specific changes in congestion levels affect business costs in different locations in urban regions.   The basic modeling approach relates location cost differences to variations in the level of access to specialized labor and producer inputs.  In this way, relative business costs in different locations reflect costs of congestion. 

This approach views transactions between locations in terms of:  1) total transportation costs; and 2) the use of differentiated labor, goods, and services in the production process.  Changes in transportation costs therefore result in two types of changes in business costs:

· Change in Direct Cost of Production.  A reduction of transportation costs directly translates into a reduction in the cost of obtaining workers and delivering products/services to customers, and hence total cost of production.
· Additional Change in Accessibility to Specialized Inputs.  Furthermore, lower transportation costs change the distribution of shipments and trips as more specialized workers and customer markets become accessible.  Therefore, an additional reduction of costs occurs since firms are able to utilize labor that more specifically meets their production needs.  Effects on productivity may come from improved access to broader worker and customer markets, as well as from logistic and scheduling efficiencies, and scale economies.
To make this modeling framework appropriate for metropolitan congestion, information on network-specific transportation costs and their relationship to economic cost functions are used.  The applicable case for this study is a metropolitan transportation network which is subject to higher levels of congestion (and hence higher transportation costs) for some zones than for others.  Thus, businesses with specialized and time-sensitive inputs will tend most to prefer locating outside of those areas.  Since the spatial relation of economic activities is given a central role, this approach can incorporate various location costs including direct shipping costs, logistics costs and costs associated with access to specialized labor and intermediate inputs. 

Various types of businesses directly incur costs of freight and service deliveries associated with vehicle operation, driver time, logistics/inventory and production scheduling. Businesses in competitive urban labor markets absorb (in wage rates) a portion of the burden associated with higher commuting costs.   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, firms 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 is of optimizing their selection.  Congestion then affects these decisions in the following ways: 

· Workforce Costs -- Congestion serves to increase the business cost of obtaining employees and limits the effective size of the labor market. So, changes in congestion can affect not only the cost of production but also the number and distance of  commuting trips.   

· Product and Service Delivery Costs -- Congestion serves to increases the business cost of delivering products and services to customers, and limits the effective size of the area from which a business serve on a competitive basis.  So, changes in congestion can affect not only the cost of production but also the number and distance of truck trips.   

Labor Market Cost Issues.  The total business cost of hiring employees incorporates two components:  (1) the amount the worker would be willing to work for if he or she did not have to commute, and (2) the additional compensation required to attract workers from any given zone to travel to a job in another given zone.   For each industry and occupation, businesses may have a different elasticity of substitution among workers in the labor force.   Jobs with specialized skills tend to have a lower elasticity of substitution -- indicating that businesses seek workers from a wide geographic area and are more willing to compensate for higher costs of commuting for those workers.  On the other hand, jobs with more common skills tend to have a higher elasticity of substitution -- indicating that businesses get workers from wherever is convenient nearby and are less willing to pay additional costs to compensate workers for higher commuting costs.  

Delivery Cost Issues.  The total business cost of providing products/services incorporates two components: (1) the cost of the goods or services if there was not delivery or commute involved, and (2) the additional compensation required to get supplies from any given zone to the customer site.  For each industry, business customers may have a different elasticity of substitution among the various supplier choices.  This elasticity reflects how sensitive businesses are to changes in those costs.   Industries with more specialized products tend to have a lower elasticity of substitution -- indicating that their customers buy their products from a wide geographic area and are more willing to compensate for higher costs of delivery.  On the other hand, there tends to be a higher elasticity of substitution for industries with more generic or common products -- indicating that business customers get supplies from wherever is convenient nearby and are less willing to pay additional costs for delivery of products or services from more distant suppliers. 

Issues in Assigning Costs to Industries.  There are some fundamental differences in how businesses incur congestion costs associated with worker commuting and goods/services delivery. 

· Commuting costs affect the costs of obtaining workers – i.e., an input to the business production process.  (This can occur either through compensation of direct costs or through constraints on access to variety in the labor market). 

· Delivery costs of commodities and services, on the other hand, affect the net delivered price of products as seen by customers – i.e., an output of the business production process.  (This occurs insofar as shipping costs are added to final costs of delivered products or services.)  

A distinguishing feature of the model specification for freight movements is the limited number of industries considered.  While buyers include commodities that are shipped to (and used by) businesses in all sectors of the economy, they are produced by essentially three sectors of the economy – Agriculture, Mining, and Manufacturing.
Thus, for example, wholesalers and retailers may receive incoming shipments and make outgoing shipments of foods, but the foods are still basically agricultural products.  Similarly, a gardening center may receive lime for fertilizer treatment, and a gasoline retailer may receive fuel to sell, but in both cases the commodity is a still essentially product of the mining/extraction sector.  From this perspective, wholesale and retail activities are merely downstream elements of the supply chain which ultimately provides manufactured, grown or extracted goods to consumers. 

The other sectors of the economy, including “Finance-Insurance-Real Estate (FIRE)”, “Construction,” “Services” and “Wholesale/Retail” activities, are combined in this study to represent a category referred to as Service/Other.  The distinguishing characteristic of this category is that its businesses do not produce easily-defined freight outputs.  In the case of FIRE, construction and repair services, company staff often do some traveling as part of their work, but their final product is typically not a shipped good.  Most retail firms do not ship much of their product, as more often customers visit them.   As a result, much of the travel conducted by these types of firms may involve “people visits” rather than freight shipments. 
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