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Abstract: The paper examines the extent and the value of private sector contributions to the road and street inventory through subdivision streets. It uses data from the Virginia Department of Transportation on street mileage deeded to the state system from 2000 to 2005. The paper concludes with a discussion of challenges in valuation of subdivision streets and recommendations for further research. 

INTRODUCTION

The fiftieth anniversary of the U.S. interstate highway system in 2006 has renewed attention to the issue highway infrastructure investment. The interstate highway system was unlike any other infrastructure in the U.S. in the prominent role played by the federal government in its design, implementation and finance. Due largely to the overall consensus and shared vision among politicians and the general public, the system avoided one of the pitfalls of many other large federal programs: legislative earmarking of individual projects. Instead, the Interstate program concentrated investment on a designated system of highways designed to connect major population centers and locations of economic and military importance (Gifford, 2006, Seely, 1987). 

However, the completion of the system has also marked the end of the consensus. As a result, many competing visions of financing the future development of the highway system have arisen in recent years, in particular, the return of toll roads and a growing interest in public-private partnerships (PPPs). Proponents of PPPs stress the immediate need to repair and expand the deteriorating system while many governments do not have the necessary funds available. The private sector, they argue, would complement public sector financing, making the funds available immediately while sharing the investment risks (Highways, Transit, and Pipelines Subcommittee, 2006). 

Most discussions of private sector contributions to the highway system, however, overlook investments in subdivision and commercial streets. These streets are typically constructed as part of the development process, and then deeded to the public sector for operation and maintenance.

This paper estimates the extent and value of private sector investments in subdivision and commercial streets in Virginia from 2000 to 2005. Virginia is unusual among states in that the state department of transportation owns and operates not only the major arterial highways but also most roads and streets. This anomaly makes it possible to obtain data on privately constructed streets that are deeded to the state.

The paper begins with a brief discussion of national sources of standards for roads and streets, which would tend to make findings about Virginia more comparable with other states. It then examines previous studies of private sector investments in roads and streets. The subsequent section discusses the extent of private sector contributions in Virginia from 2000 to 2005. The paper next discusses the value of such contributions. A final section summarizes and concludes, with recommendations for future research. 

SUBDIVISION STREETS

According to the definition given by the Virginia Department of Transportation, subdivision street is “a public way for purposes of vehicular travel that results from the subdivision of land, including the entire area within the right-of-way” (Virginia Department of Transportation, 2005, p. 14). Subdivision streets normally accompany residential housing and commercial buildings and provide access from these buildings to adjacent collector and arterial highways. Therefore, they play a crucial role in the total roadway infrastructure by proving the “last mile” of access to the end-users of the highway system.

While subdivision streets are developed primarily by the private sector, they are subject to a number of constraints. In most cases, after completing the construction project private developers deed the streets to the county or, in some cases, state transportation agencies. Both counties and states impose minimum standard requirements for the streets that they accept. Standards are often influenced by fire department access as well. Thus, all subdivision streets that are deeded to a county or state follow these requirements. 

Another source of constraints on the standards to which the subdivision streets are built is the federal government, primarily through the Federal Housing Administration (FHA). Formed in 1934, FHA provides a secondary market for home mortgages to help banks mitigate their financial risks, thereby making it cheaper for them to lend money for housing (Southworth and Ben-Joseph, 1997). As part of the policy for sound investment, FHA procedures require a thorough appraisal of development plans. As a result, FHA criteria for subdivision streets have become a prevailing standard. 

In order to influence both federal and local construction standards, the homebuilding industry has formed a number of think tanks and institutes, such as the Urban Land Institute (Southworth and Ben-Joseph, 1997). These think tanks have produced recommendations for private home construction that support uniform standards for residential streets in order to reduce construction costs. 

The result of regulation and voluntary adherence to such standards is a relatively uniform inventory of subdivision streets. The cross-section, as well as the construction materials used, are similar across the nation. Differences in labor and material costs, as well as some variation in local standards, still lead to significant variations in average construction costs. 

PREVIOUS STUDIES
As mentioned, the value of the private contribution to roadway infrastructure in commercial and subdivision streets has been largely overlooked by researchers. An extensive literature review yielded only three studies that have estimated the monetary value of subdivision streets and their share of the total annual increase in infrastructure. All three studies have looked at the average costs and approximate mileage of subdivision streets on the national level. 
A study by TDA Inc. surveyed 22 private developers in 12 states to estimate the average cost per lane-mile as well as the number of lane-miles per 1000 dwelling units or 1 million square feet of commercial development (TDA Inc., 2002). Based on the total number of dwelling units built and total lane-miles added in 2000, the report derived the magnitude of new lane-mile additions constructed by the private developers. It estimated that 41% of all new lane-mile additions were built by private residential developers. Furthermore, 58% of all lane-mile additions were local streets and most of them were built by private developers. The survey of the average cost per lane-mile yielded results that ranged widely from $190,000 to $1,848,000, averaging $675,485 in 2000 dollars. One reason for such variation is the fact that accounting practices of private developers do not allow for easy separation of the cost of subdivision streets from the cost of the overall construction.
Probably the most comprehensive study to date on the full cost of transportation has been conducted by Delucchi in the series of reports that evaluated various aspects of motor vehicle use. In report no. 6, “Motor-Vehicle Goods and Services Bundled in the Private Sector,” he estimated the cost of goods provided by the private sector that were normally purchased in combination with other goods (Delucchi, 1996b). These “bundled” goods included private parking and roads that were provided by developers together with housing or commercial buildings. For 1991, Delucchi estimated that private sector costs for bundled goods ranged from $75 to $279 billion dollars (Delucchi, 1996a). However, this estimate includes both parking and roads. Estimating the value of investment in roads, Delucchi closely followed the methodology used by Hu et al. in “A Study of Private Financing of Highway Construction” (Hu et al., 1991). Thus, he estimated separately the cost of off-site and on-site roads. Off-site roads included collector and arterial roads, whereas on-site roads included the local roads developed as part of housing construction.

Two methodologies of estimating the cost of local roads provided the high and low values of investment. The first methodology assumed that roads constitute 10% of the total housing cost. Thus, the high value of investment in local roads was derived as a fraction of the housing costs. The second methodology calculated the value of investment by multiplying the total mileage of local roads by the average cost of construction per mile. For 1991, the two methods yield the range of $5 to $15 billion of private investment in local roads. 
EXTENT OF PRIVATE SECTOR CONTRIBUTION 
TO ROAD INFRASTRUCTURE

Data on the extent of privately built roads is generally not easily available. As private developers build subdivision streets, they normally deed them to local governments for further maintenance. Therefore, data on subdivision streets are lodged at the local government level and not normally aggregated at the state or national level. State and national level reporting generally bundles subdivision streets with the overall secondary system of state highways or local streets of local government units. 

Data collection is further complicated by the fact that not all privately built roads are deeded to local governments. In some cases owners choose to maintain their roads on their own, in which case they may choose not to follow subdivision street standards. Data on such roads are not available at any level of government. 

Practices in Virginia, however, are unusual because the department of transportation rather than the counties owns all secondary system roads, with the exception of two highly urbanized counties, Arlington and Henrico (out of a total of 95 counties) and incorporated cities, which own and maintain their own roads. Thus, most subdivision streets in Virginia are deeded to the Virginia Department of Transportation (VDOT).

The authors obtained data on the total road mileage of subdivision streets deeded to the commonwealth between 2001 and 2005. The data indicate that privately built subdivision streets constitute a significant portion of the overall additions to the roadway network (see Table 1), which is consistent with TDA’s findings. During these years, subdivision road contributions ranged from 159 miles to 184 miles, which constituted from 53% to 86% of the total new network additions to the commonwealth’s network, with an average of 57% for the given period. In terms of lane miles, assuming that all subdivision streets have two lanes, subdivision streets constituted between 38% and 92%, of the additions to the commonwealth network. 

VALUATION OF INFRASTRUCTURE
The economic value of the private sector contributions can be estimated in a variety of ways, none of which is perfect. Because the cost of subdivision streets is bundled with the cost of housing or commercial development, there are no market transactions that would allow easy observation of fair market value. 

Approaches to Valuation
One of the main problems in valuation of an infrastructure good is that its value cannot be easily derived from market transactions. Even in cases when the good is provided by the market, its actual value to the society may be higher than its market price. In many other cases, such as the case of subdivision streets, the price of the good is bundled with the price of other goods, thereby complicating the valuation process further.

Further, the value of infrastructure derives not only from the value of direct consumption but also from its value as an input into other goods and services (Frischmann, 2005). Thus, infrastructure value depends on the types of downstream goods and services that it supports. Furthermore, most infrastructure facilities operate as networks, so their value is affected by network effects (positive and negative). Network effects operate such that the value of the network to each individual user may increase (or decrease) with an increase in the number of users and the intensity of use of the network (Rose, 1986). For example, value of a telephone network increases as the number of users accessible through the network increases, subject to congestion effects. There is also an additional effect on non-users realized through the externalities generated by the infrastructure (Frischmann, 2005). 

A number of techniques have been developed to obtain at least a rough estimate of the monetary value of nonmarket goods. These techniques, summarized in Table 2, are most commonly used in assessing the value of environmental goods, but they also have many other applications (Boyle, 2003, Brown and Peterson, 2003, Holmes and Adamowicz, 2003, Taylor, 2003).

Demand-side valuation attempts to arrive at the value of the infrastructure good to the users. It uses stated and revealed preference methods. The stated preference methods are commonly used to estimate the monetary value of a good that is not provided by the market. They normally consist of surveys designed to elicit consumer preferences regarding a particular good. Revealed preference methods rely on data regarding the behavior actually observed. 

Supply-side valuation concentrates primarily on the cost of providing goods rather than their value. Therefore, the data for supply-side valuation are normally more readily available. However, the result of this method tends to be more conservative as the value of infrastructure goods is normally higher than their cost.

The most appropriate method depends on the purpose of the estimate as well as the data available. Indeed, there is a often tradeoff between economic relevance and practicability of the asset valuation results (Stalebrink and Gifford, 2000). Economic relevance indicates the level of proximity of the assessed value to the actual value of the asset. Practicability refers to the ability to generate objective results at low cost. Thus, higher economic relevance normally corresponds to higher costs or lower objectivity. Therefore, the choice of a valuation method will be constrained by the desired level of objectivity and costs. 

The advantage of demand-side valuation methods is that they allow estimating not only the direct, but also indirect network and infrastructure effects of a facility. In case of subdivision streets, the direct network effect consists of the benefit derived by the users of the streets getting access to a larger roadway system. Indirect network effects include the benefit derived by all of the users of the overall roadway infrastructure into which the subdivision streets feed. Infrastructure effects consist of the positive as well as negative externalities derived from the network, that is, higher economic growth, congestion and air pollution. The main drawback of the demand-side valuation is the extensive data collection and processing required. Furthermore, it is less reliable and more prone to biases. 

Supply-side valuation methods avoid many of the pitfalls of the demand-side methods. As they concentrate on the cost rather than the value of the infrastructure, they tend to have less demanding data collection requirements. Furthermore, since they are based on more concrete data, they have higher objectivity and verifiability. On the other hand, supply-side methods do not provide an effective measure of the indirect network effects or infrastructure effects. 

Two major supply-side methods are historical cost and replacement cost. The main drawback of the historical cost method is its lack of economic relevance, as it does not reflect the changes in the marketplace since construction. Replacement cost has higher economic relevance, since it accounts for the current value of the asset. Replacement cost also introduces difficulties associated with technological and regulatory improvements since original construction. Should replacement cost of a street built in 1930 be based on 1930 design standards and materials, or current-year standards and materials?

Theoretically, net present value is the most appropriate valuation method for the purposes of this study. Because it accounts for both current value of the asset as well as the expected future benefits, its estimates come closer to the estimates of the demand-side methods. However, determining the rate of return of subdivision streets is challenging, since the value of an infrastructure good comes not only from direct consumption but also from serving as an input into other processes. Choosing a discount rate to estimate the present value of future returns introduces further uncertainty into the results of the method. 

A final issue with valuation has to do with the treatment of right of way (ROW) costs. State and local transportation departments usually pay for ROW acquisition, unless ROW is obtained from another unit of government at no cost. The cost of acquiring a parcel of land at fair market value would incorporate the opportunity cost of alternative uses of that land. ROW costs also account for the transaction costs, normally internalized in the case of private developers. Such costs can be quite substantial (Heiner and Kockelman, 2005). 

VALUE OF PRIVATE SECTOR CONTRIBUTION 
TO ROAD INFRASTRUCTURE 

This paper utilizes the replacement cost method in estimating the value of subdivision streets, for two principal reasons. First, it gives sufficiently reliable estimates while maintaining the relevance of the results. Second, VDOT uses this approach in its financial reporting, which improves data availability and allows for comparisons to be made between public and private investment into road infrastructure. 

These estimates use VDOT data collected in order to estimate the value of privately built roads in the Virginia in accordance with GASB Statement 34, which requires each state to develop a methodology for valuation of its infrastructure system. VDOT’s system consists of two main components: a road network inventory and a right-of-way inventory. The road inventory includes interstate highways, primary and secondary roads, as well as bridges and tunnels. The estimate of the value of the network is based on the total mileage of the roads multiplied by a construction cost estimate, which is then adjusted for inflation using the Consumer Price Index. The right-of-way value is estimated separately from the road inventory network since real property does not depreciate. The network consists of all the land under and near the roads. 

In order to assess the value of subdivision streets, the study utilizes VDOT’s estimates of construction cost per mile of an average secondary road and right-of-way acquisition cost per acre, as well as the data on total mileage of subdivision streets (Virginia Department of Transportation, 2000a, Virginia Department of Transportation, 2000b, Virginia Department of Transportation, 2006).
Based on these calculations, the study finds that the total replacement cost of the subdivision streets built in 2000 – 2005 is $812,455,376 (see Table 3). Approximately 28% of this value derives from the right-of-way network, and the remaining 72% comes from the cost of construction. 

Compared to the total additions to the right-of-way and road inventory networks, subdivision streets constitute a significant portion of the annual increase in both, although contribution to the right-of-way network is significantly higher. About a third of annual increase of right-of-way network assets comes from the privately built subdivision streets (see Table 4). Annual increases in the right-of-way network resulting from subdivision streets ranges from $27 million to $50 million. Contributions to the road inventory network are somewhat lower. They constitute about 9% of the total annual increase in roadway inventory. Annual increase values range from $90 million to $104 million. The lower share of construction costs of the subdivision streets can be explained by significant differences in construction costs between interstate and secondary highways. Overall, the subdivision streets constitute approximately 12% of total infrastructure additions in 2005. 

CONCLUSIONS
This paper examines the roadway investments of private land developers in housing subdivisions and commercial developments. Developers typically construct such roadways in compliance with state or local design and construction standards. Once completed, the state or local government then accepts the roadways into the public road system and takes responsibility for ongoing operations and maintenance.

The interest in this paper is in the value and extent of such private developer investments. Most measures of investment in the roadway system capture only investments made by government (federal, state and local). If private developer investments are indeed significant, it may have implications for assessments of the adequacy and distribution of transportation investment more generally.

Data are not available in most states because property is transferred from developers to local governments when subdivision and commercial development streets are built, with no uniform record keeping. Virginia, because of its uncommon practice of owning the bulk of the statewide system, provides an opportunity to estimate the level of private contribution.

This paper estimates the total road mileage as well as the monetary value of the subdivision streets built by private developers in the Commonwealth of Virginia between 2000 and 2005 and subsequently deeded to the commonwealth public road system. The results indicate that the current level of private investment into the roadway infrastructure is substantial. Subdivision streets account for approximately 57% of the total road miles built in Virginia between 2001 and 2005. In terms of valuation, they accounted for almost a third of the right-of-way asset increase and about 9% of the roadway inventory increase in 2005. 

The data available for Virginia exclude 2 of the commonwealth’s 95 counties, and all of the data from its 41 incorporated cities. Thus, the investment extent and value respresent lower bound estimates of the actual investment. 

These findings suggest that the observed level of private investment in roadways is substantial, if Virginia is at all representative of the nation as a whole. The nation may have been investing substantially more than it has recognized in local roads and streets.

These findings suggest a number of interesting public policy questions, as well as avenues for further research. First, several reviewers suggested that the fiscal burden imposed by roadways deeded to the public sector should be examined. Are taxes imposed on new homes and commercial developments sufficient to support the operation and maintenance cost of the roadways that have been transferred? 

Second, would recognition of private sector contributions to the roadway infrastructure modify policy assessments of the adequacy of investment levels? If much investment has been overlooked, then is investment more adequate than has often been asserted by advocates of greater infrastructure spending? Alternatively, if substantial private investment in the lowest order roads and streets has been occurring “under the radar,” does that imply that investments in higher-order arterial highways is even more inadequate than typically averred?  

Third, better and more systematic data collection for such investments might well be advantageous for future assessments of transportation investment.
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TABLES

TABLE 1. Proportion of Subdivision Streets in Total Miles Added

	Year
	Total Road Miles
	Total Lane Miles
	Subdivision Road Miles 
	Subdivision Lane Miles 
	Subdivision to Total RM Ratio, % 
	Subdivision to Total LM Ratio, 

	2001
	299.45
	549.33
	159.59
	319.18
	53.29
	58.10

	2002
	214.99
	400.79
	184.69
	369.38
	85.91
	92.16

	2003
	279.83
	507.31
	178.38
	356.76
	63.75
	70.32

	2004
	283.52
	515.55
	164.13
	328.26
	57.89
	63.67

	2005
	419.72
	893.87
	171.72
	343.44
	40.91
	38.42

	All years
	1,497.51
	2866.85
	858.51
	1,717.02
	57.33
	59.89


Source: Data on subdivision street mileage obtained from VDOT. Data on total mileage of state highway system is obtained from http://mileagetables.virginiadot.org/
Note: The study assumes that each road mile equals two lane miles.  

TABLE 2. Method of Valuation of Infrastructure.

	Method
	Type
	Description
	Advantages
	Disadvantages

	Contingent Valuation
	Demand Side. Stated Preference Method.
	Measures the amount of additional income needed for people without a nonmarket good in order to achieve the same level of utility as with the good.
	Allows a rough estimate of a monetary value of nonmarket goods. 
	Common gap between stated and revealed preferences. Respondents may be unwilling to answer questions truthfully. 

	Attribute-Based Method
	Demand Side. Stated Preference Method.
	Similar to Contingent Valuation. Assigns a monetary value to particular attributes of the nonmarket goods rather than goods themselves.
	Same as above
	Same as above

	Paired Comparison Method
	Demand Side. Stated Preference Method.
	Ranks the value of a set of nonmarket goods. Relative monetary value of goods is estimated by including monetary values as items in pairs
	Same as above
	Same as above

	Hedonic Method
	Demand Side. Revealed Preference Method.
	Used to asses the value of specific attributes of differentiated goods. Arrives at an implicit price of the attribute through price comparison of the goods that differ from each other in that particular attribute.
	Based on actually observed data, thus more reliable.
	Cannot estimate the value of non-use of a given good. Cannot estimate the value of a new attribute.

	Historical Costs
	Supply Side
	Reflects the original cost of investment into capital
	Reliable and nonbiased. Can be verified.
	Does not adequately represent the true value of capital.

	Replacement Cost
	Supply Side
	Cost of acquiring the asset at the present price levels. If not available, calculated as the cost of acquiring the land and equipment and the construction costs.
	Availability of data. More relevant than historical cost.
	Only accounts for the current value of assets. Does not valuate the future returns.

	Net Present Value
	Hybrid
	Calculates the present value of the expected future returns of the asset, subtracting any initial and ongoing investment.
	Accounts for both current and future value of the asset.
	Difficulty in choosing discount rate. Uncertainty of future benefits from roads.


TABLE 3. Subdivision Infrastructure Value (2005 dollars)

	Year
	Right-of-Way
	Roadway Inventory
	Total Infrastructure

	2000
	32,321,345
	97,081,616
	129,402,961

	2001
	36,958,523
	90,872,565
	127,831,088

	2002
	41,747,509
	104,509,843
	146,257,352

	2003
	39,293,819
	103,165,684
	142,459,503

	2004
	27,078,569
	91,490,470
	118,569,039

	2005
	50,094,819
	97,840,614
	147,935,433

	Total
	227,494,584
	584,960,792
	812,455,376


Source: Calculations based on data obtained from VDOT. 

TABLE 4. Proportion of Subdivision Streets in Infrastructure Assets Increase in 2005

	Infrastructure Type
	Total Infrastructure Added
	Subdivision Infrastructure Added
	Subdivision to Total Ratio

	Right-of-Way
	$164,717,032
	$50,094,819
	30.41%

	Roadway Inventory
	$1,119,957,370
	$97,840,614
	8.74%

	Total
	$1,284,674,402
	$147,935,433
	11.52%


Source: Calculations based on data obtained from VDOT. 

