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Abstract

This paper attempts to put together a comprehensive picture of the economic conditions needed to move urban freight delivery traffic to the off-hours, and the effectiveness of alternative policies to foster such move in competitive markets. Such policies seems to be needed because the empirical evidence indicates that freight road pricing may not be the most effective way to move truck traffic out of the congested hours. This is because: the decision about delivery time is jointly made between the carrier and the receiver; the carriers have great difficulties passing toll costs to receivers; and, in the few cases where toll costs could be passed, the price signal reaching receivers is of no consequence compared to receivers’ incremental costs of off-hour deliveries. Three different policies are considered: freight road pricing combined with financial incentives to receivers willing to accept off-hour deliveries, freight road pricing, and laissez faire conditions (neither freight road pricing, nor financial incentives). The paper uses an economic formulation to estimate the impact a policy would have on the agents’ profits, which provides insight into how the agents would react, and leads to a set of necessary conditions for off-hour deliveries to be feasible. Two cases of industry structure are considered: independent operations (carrier and receivers are separate companies) and integrated operations (carrier and receiver part of the same company). The particular case of large traffic generators, with central delivery stations is also discussed. 
The analyses of integrated carrier-receiver operations indicate that, because of the centralized decision making process, they could transfer all or none of the delivery operations to the off-hours. This enables them to take full advantage of the carrier savings during the off-hours that are at a maximum when all deliveries in a tour are transferred to the off-hours. The analyses of independent carrier-receiver operations conclude that the decision about delivery time is the outcome of the interaction between carriers and receivers as part of the Battle of the Sexes game, where the receivers play the dominant role. The paper shows that, because of the competitive nature of the urban delivery industry, rates tend to be set at marginal costs. This, in turn, prevents carriers from transferring toll surcharges to customers because the tolls are, generally, a fixed cost that does not enter into the marginal cost. As a result, receivers in competitive markers are not likely to receive any price signal; that are only possible in the industry segments in which the carriers enjoy oligopoly power. Equally significant is that, even in those cases, where the carrier could pass toll surcharges to their customers (9% in New York City), the price signal is of no consequence when compared to the incremental costs to receivers associated with off-hour deliveries. To overcome this, the paper suggests the use of tax incentives to receivers willing to accept off-hour deliveries, combined with freight road pricing as a revenue generation mechanism. The analyses of large traffic generators reveal that these facilities represent an ideal target for off-hour delivery policies because they could handle off-hour deliveries at a minimal incremental cost, which is a consequence of the scale economies associated with handling deliveries for multiple businesses. 

The analyses of the necessary conditions for the policies considered in the paper indicate that the most potent stimulus is provided by freight road pricing in combination with financial incentives to receivers. Using real life cost estimates, the paper concludes that neither freight road pricing by itself, nor laissez faire, are likely to achieve the goal of inducing a significant switch of truck traffic to the off-hours.

1. Introduction

The idea of reducing urban congestion by moving freight deliveries to the off-hours, i.e., outside regular business hours, is older than what most people think. The oldest implementation on record is due to Julius Caesar, who promulgated an edict banning commercial deliveries during the daytime (Dessau, 1892). This edict is part what Dessau calls the "Lex Iuliana Municipalis" on the basis of references in Cicero's correspondence to a comprehensive law of Caesar's which dealt with municipal affairs. As a result of Julius Caesar’s edict, urban deliveries were allowed only during the evening hours. The law is also referred to as "Tabula Heracleensis," because the text was found in 1732 in Heraclea, Southern Italy, inscribed on a bronze tablet dating from the year 45 BC.  Some scholars suggest that the street regulations were based on the laws of Greek cities (Roth and Roth, 2002). This suggests the intriguing proposition that traffic congestion required legislation not only in Rome but even in earlier times in Greece. It is very telling that Julius Caesar’s edict generated community complaints about the noise generated during evening hours, an issue that still remains today as an obstacle for off-hour deliveries; and is considered to be the key reason why some municipalities want to curtail off-hour deliveries (Browne et al., 2006).
However, the notion of using pricing as a tool to induce a socially optimal level of traffic is indeed more recent, dating back to the Vickrey’s seminal publications (Vickrey, 1961; Vickrey, 1969). Since then, road pricing has elicited great interest because of its potential as a transportation demand management, and revenue generation tool. Following successful implementations in Singapore, California and London, there is consensus among academicians about the social benefits brought about by road pricing of passenger car traffic, a conclusion that has been corroborated by real-life implementations and analytical studies (Sullivan and Harake, 1998; Brownstone et al., 2003; Sullivan, 2003; Brownstone and Small, 2005; De Palma et al., 2005; Olszewski and Xie, 2005). There is no such consensus, however, about the impacts and effectiveness of freight road pricing (FRP). This is because of the lack of empirical studies that provide evidence on observed behavioral impacts; and of a general behavioral theory that could explain the complex interactions underlying freight decision making. 

This paper attempts to put together a comprehensive picture of the economic conditions needed to move urban freight delivery traffic to the off-hours, and the effectiveness of alternative policies to foster such move in competitive markets. Such policies seems to be needed because the empirical evidence indicates that freight road pricing may not be the most effective way to move truck traffic out of the congested hours. As discussed later in the paper, this is because: the decision about delivery time is jointly made between the carrier and the receiver; the carriers have great difficulties passing toll costs to receivers; and, in the few cases where toll costs could be passed, the price signal reaching receivers is of no consequence compared to receivers’ incremental costs of off-hour deliveries. In this context, a weak or completely absent price signal reaching the receivers deprive them of the only incentive to switch operations to the off-hours. Three different policies are considered: freight road pricing combined with financial incentives to receivers willing to accept off-hour deliveries, freight road pricing, and laissez faire conditions (neither freight road pricing, nor financial incentives). The paper uses an economic formulation to assess the impact an alternative policy would have on the agents’ profits, which provides insight into how the agents would react, and leads to a set of necessary conditions for off-hour deliveries to be feasible. These conditions were modified so that they represent: freight road pricing combined with financial incentives to receivers willing to accept off-hour deliveries, freight road pricing, and laissez faire conditions (neither freight road pricing, nor financial incentives). Two cases of industry structure are considered: independent operations (carrier and receivers are separate companies trying to maximize profits) and integrated operations (carrier and receiver part of the same company). The resulting necessary conditions are then analyzed to reach conclusions about the effectiveness of the policies. The particular case of large traffic generators, i.e., facilities that cluster dozens and even hundreds of different businesses such as Grand Central Terminal in New York City, with central delivery stations is also discussed. The paper does not analyze whether or not the policies are socially optimal. In all cases, the focus is on the necessary conditions for off-hour deliveries, given that the decision has been made to foster such a change.

The paper consists of five chapters, including this introduction. Chapter 2 provides a succinct overview of previous experiences and research on related subjects. Chapter 3 provides a definition of the scope and limitations of the paper. Chapter 4 introduces the notation used in the paper. Chapter 5 derives the general and particular forms of the necessary conditions. Chapter 6 discusses numerical estimates. At the end, Conclusions summarize the key findings.
2. Background
This chapter discusses a number of experiments and research publications dealing with either freight road pricing (FRP) or off-hour deliveries. Given that the main focus of the paper is on the use of financial mechanisms (e.g., tolls, tax deductions) based on voluntary participation, mandatory approaches such as the ones implemented in Beijing, China, that banned daytime deliveries are not discussed here. The first part of the review focuses on policy studies and experiments; while the second part discusses research publications with a methodological/analytical focus.

A number of experiments and studies of off-hour deliveries have been conducted. Probably, the first one in the modern age was conducted in London in 1968 (Churchill, 1970). Although not intended to quantify benefits and costs, it revealed that for off-hour deliveries to be successful: (a) the trucking companies must have scale economies in their off-hour operations; and (b) the shippers and receivers must perceive a real benefit to them, otherwise they would opt out. The latter suggests the need for compensation schemes to offset the costs of off-hour deliveries, should they be found to be beneficial for Society.

In the 1970s data were collected from a sample of four-hundred companies, mainly receivers, in Manhattan (Bloch, 1978). The study asked the participants’ opinions about various transportation strategies, which included “peak-hour bans on truck pickups and deliveries” in the Manhattan area. The feedback gathered suggested that there would be cost savings for carriers, but that receivers would incur increased operational costs from: facility operations, overtime wages, and night-time differentials paid to employees. The overall reaction to a regular-hour ban of pick-ups and deliveries was highly negative because participants felt that it would decrease their productivity levels (Bloch, 1978).
In 1979, the Federal Highway Administration commissioned a study of off-hour deliveries (Organization for Economic Growth Inc., 1979). This study conducted extensive interviews with the key stakeholders, concluding that, in those cases where off-hour deliveries are commercially attractive, they would be implemented by businesses without the need for government intervention (unless there were regulations against it, such as noise ordinance). The study concluded that the benefits were still unclear and that demonstration projects were needed to fully understand and quantify societal benefits.

Noel et al. (1980) gathered data about off-hours delivery practices from twenty four carriers. They found out that in 50% of the cases where off-hours deliveries were being made it was per request of the receivers; and that the carriers are likely to experience cost savings by making off-hour deliveries. One carrier indicated that they were able to make twice as many pick-ups as in the daytime hours.

The Urban Gridlock Study considered policies to increase off-hour deliveries in California’s freeways (Cambridge Systematics Inc., 1988; Grenzback et al., 1990). The study estimated benefits and costs including: (a) the impact in terms of traffic congestion would be modest, as initial travel time savings are dissipated by ensuing increases in passenger car traffic; (b) trucks would slightly increase vehicle-miles traveled; (c) there would be positive effects on air quality; (c) off-hour deliveries would translate into additional costs to shippers and receivers; and, (d) the cost of doing business would increase in the metropolitan areas studied. The latter ratifies the potential role for compensation schemes to offset costs.

Another study was undertaken by the City of Los Angeles (Nelson et al., 1991). This study, that for the most part focused on the legality of a ban of large trucks entering the congested areas of the city, did not estimate the economic impacts of the proposed ban. After formidable opposition from the business community concerned with the additional costs, the idea was abandoned. 

One research project examined the impacts of restricting large truck operations during peak periods and estimated the resulting changes in emissions, fuel consumption, and vehicle-hours (Campbell, 1995). This study found that truck emissions, with the exception of NOx, are likely to decline only if the number of large trucks shifted from peak to off-hour periods is large enough. 

In an insightful study of the constraints faced by the carrier industry to switch to the off-hours, Vilain and Wolfrom (2001) reached a number of conclusions of relevance to this paper. They concluded that: (1) carriers are already trying to avoid the peak hours (the truck traffic peak hour is one hour earlier than the passenger car peak hour); (2) the single most important constraint to move trucks out of the peak traffic period are the receivers; and (3) there were not enough incentives for many firms to move operations to the off-hours (because decisions are driven by minimization of total logistic costs).

A comprehensive study of the impacts of peak-hour restrictions was conducted for the City of Athens (Yannis et al., 2006). Using traffic simulation, they estimated that general traffic travel speeds could increase by a 2.6% to 4.7%; and that environmental pollutants could be reduced by 5% to 10%; with concomitant increases in the non-restricted hours. Overall, the authors concluded that delivery restrictions are socially beneficial, though they did not quantify extra costs to private sector stakeholders.
There is not much literature on the observed behavioral impacts of FRP. The very few publications have focused, primarily, on traffic impacts (New York State Thruway Authority, 1998; Vilain and Wolfrom, 2001; Ozbay et al., 2005); though some have either put forward behavioral hypotheses (Vilain and Wolfrom, 2001), or conducted preliminary behavioral analyses (New York State Thruway Authority, 1998). The literature review suggests that the first project that has conducted an in-depth investigation on the observed behavioral impacts of FRP is the evaluation study of the time of day pricing initiative at the Port Authority of New York and New Jersey (PANYNJ). Although a full account is provided elsewhere (Holguín-Veras et al., 2005; Holguín-Veras et al., 2006e), it is important to highlight here some relevant findings. The evaluation study concluded that: (1) carriers that changed behavior were primarily involved in long haul trips traversing the New York City (NYC) metropolitan area; (2) carriers that did not change behavior indicated, in 68.9% of the cases that they could not change due to “customer requirements;” (3) carriers implemented multi-dimensional behavioral responses involving Productivity increases, Changes in facility usage, and Cost transfers; (4) no carrier implemented changes in facility usage in isolation of other policies; (5) the ability of the carrier to pass toll costs to its customers is quite limited (they could do so in only 9% of the cases); and (6) the magnitude of the cost increases transferred to the customers were of no consequence when compared to the incremental costs faced by receivers if they move to the off-hours (Holguín-Veras et al., 2005; Holguín-Veras et al., 2006e). Some of these findings had been previously identified by other researchers. Vilain and Wolfrom (2001) correctly conclude that the “…single biggest constraint in avoiding peak-period [traffic] interstate crossings are [carriers’] customers...” Similarly, finding (3) is implied in the results of a small pricing experiment conducted in the Tappan Zee Bridge in New York State (New York State Thruway Authority, 1998).

Taken together, these findings fly in the face of commonly held beliefs. The vast majority of the papers on the subject (Hicks, 1977; Button, 1978; Button and Pearman, 1981), in the absence of solid data, had speculated that if a toll agency would charge higher tolls to trucks traveling during the peak hours; the carriers would pass the tolls to its customers; and that, ultimately, both customers and carrier would move to the off-hours. Reality is significantly more complex than that, the PANYNJ study conclusively showed. As noted, the exception is Vilain and Wolfrom (2001) that correctly identified some key issues. 
Findings (1), (2) and (5) provide critical empirical evidence regarding the role of receivers in setting delivery time constraints and on the inherent weakness of the American urban delivery industry. The PANYNJ study concluded that long-haul carriers could change behavior because of their ability to change travel routes and still meet customer needs without necessitating changes in customer (receiver) behavior (Holguín-Veras et al., 2005; Holguín-Veras et al., 2006e). This is consistent with the findings from a pricing experiment that took place at the Tappan Zee Bridge—that connects NYC to the suburban counties at the North—that revealed that 7% of truck traffic changed route, with another 7% changing time of travel (their sample include 76% of private carriers that, for reasons discussed later in the paper, tend to have an easier time changing time of travel) (New York State Thruway Authority, 1998). 

This experience stands in sharp contrast with the case of urban delivery trucks traveling under cordon or areawide pricing schemes that typically do not have alternative (non-tolled) routes at their disposal, and could only change time of travel to avoid the tolls. However, such change requires receivers willing to extend operations to the off-hours to accept the deliveries, which the bulk of receivers refuse to do because of the additional costs. As a result, in the absence of other incentives, the ability of urban delivery trucks to switch to the off-hours is quite limited. 
The inability of carriers to pass toll costs to customers deserves specific discussion because it removes the only price signal that may change the behavior of receivers. Most notably, even if the carrier is able to pass the tolls to the receivers, the ensuing price signal is diluted because the tolls are allocated proportionally to the number of receivers, that on average is about 6 receivers/tour (Holguín-Veras and Patil, 2005). The difficulties in passing the toll cost to receivers is a reflection of the unique characteristics of the urban delivery industry: an extremely competitive market with an easy entry/exit nature in which a bankrupt carrier going out of business is quickly replaced by a new one; contractual agreements based on distance that preclude the inclusion of time of day tolls a valid expense, among others. From the economic point of view, these features reflect the workings of an extremely competitive market in which, as it is well known, suppliers have to price at marginal costs. This is important because the toll costs tend to be fixed costs that depend on the number of tours made by the carrier; while the unit of economic output is the number of customers served by the carrier. This means that, under normal conditions, where additional customers could be included as part of existing tours, the toll vanishes away from the computation of marginal costs (a toll surcharge could only be passed on if an additional tour is needed to provide the service, which is not the typical case). In oligopoly conditions, however, the carriers could transfer at least part of the toll surcharges to customers. As the paper title implies, the main focus here is on competitive markets such as those in the USA after the 1980s industry deregulation.
The data from the PANYNJ indicates that there are some industry segments that do have some market power, though the small sample of carriers that were able to pass costs (20 companies) suggest caution. Table 1 shows the breakdown by commodity transported by the subset of carriers that were able to transfer toll costs to their customers, together with the representation ratio (the ratio of the percentages), and the average increase in rates. The top five groups represent 86.89% of the carriers able to pass toll costs, and 27.58% of the overall sample; stone/concrete, and food represent 67% and 18.64%, respectively. The fact that three of them (stone/concrete, wood/lumber, and beverages) use specialized and expensive trucks which makes it more difficult for potential entrants to enter the market; another is closely linked to the shippers (food); and the last one (electronics) is dealing with time sensitive high-value shipments, are the factors that give them leverage to pass toll costs to their customers. 

Table 1: Breakdown of carriers found able to transfer toll costs to customers
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Stone/concrete 28.69% 3.29% 8.725 15%

Wood / lumber 6.56% 1.82% 3.598 20%

Food 38.52% 15.35% 2.510 5%

Electronics 9.02% 4.10% 2.201 n.a.

Beverages 4.10% 3.03% 1.355 n.a.

Plastics / rubber 1.64% 2.25% 0.727 20%

Household goods/various 4.92% 19.00% 0.259 10%

Machinery 2.46% 11.14% 0.221 7%

Metal 0.82% 4.11% 0.200 10%

Paper 0.82% 4.87% 0.168 5%

Textiles / clothing 2.46% 17.00% 0.145 7%

Other, specify 0.00% 5.22% 0.000 n.a.

Furniture 0.00% 3.59% 0.000 n.a.

Chemicals 0.00% 2.78% 0.000 n.a.

Agriculture, Forestry, Fishing 0.00% 1.39% 0.000 n.a.

Alcohol 0.00% 0.67% 0.000 n.a.

Tobacco 0.00% 0.26% 0.000 n.a.

Petroleum / coal 0.00% 0.13% 0.000 n.a.


Another project that deserves specific mention is a study conducted for the New York State Department of Transportation (NYSDOT) that focused on the definition of comprehensive policies—potentially targeting the entire supply chain—to induce a shift of truck traffic to the off-hours in NYC (Holguín-Veras, 2006a). These policies are based on the premise that, in general, truck traffic patterns are determined by the interactions among the participating agents (e.g., shippers, carriers and receivers); with delivery times jointly determined by carriers and receivers. The data collected indicated, indeed, that delivery times are determined by the receiver in 40% of the cases, jointly by the receiver and the carrier in 38% and by the carrier in the remaining 22% (Holguín-Veras et al., 2006b). This is, again, consistent with previous research (Noel et al., 1980; Vilain and Wolfrom, 2001). Obviously, transportation policy must target the various agents in order to induce a meaningful behavioral change.
Under this assumption, a set of stated preference choice experiments were conducted to capture any evidence of interrelations between the choices made by receivers and carriers of delivery time. The unique feature of the carrier models estimated with the data is that they depend on the receivers’ decisions. The models unambiguously confirmed the importance of receivers in the carriers’ choice. In all cases, the variable representing the percent of customers requesting off-hour deliveries was more important than toll discounts. This should not come as a surprise, given the fact that receivers are the customers and, as such, they have significant clout at the moment of deciding when they receive the goods. This suggests that the best way to induce a change in time of travel is to design policies aimed at both agents (Holguín-Veras et al., 2006c; Holguín-Veras et al., 2006d).

In freight transportation, this is not the first process that is found to be determined by the interaction between two economic agents. As early as the 1970s, Samuelson (1977) concluded that freight mode choice was determined by the shipper when it decide on shipment size: "…the relevant transportation choice which a shipper makes is not simply a choice between modes, but a joint choice of mode and shipment size. In most cases, the shipment size is practically mode determining…. “ (Samuelson, 1977). This conjecture has been confirmed by all the research projects conducted on the subject (Samuelson, 1977; Chiang et al., 1980; McFadden et al., 1986; Abdelwahab, 1998; Holguín-Veras, 2002). 

The important role played by agents other than the carrier should not surprise anyone because it is a reflection of the derived nature of transportation demand. Since the carrier is a conduit between the agents that produce and ship goods, and the economic agents that consume them, it is natural to expect that the agents at the ends of the economic transaction play an important (and not always obvious) role in the decisions pertaining to mode choice and delivery times. As a result of the latter, the effectiveness of any policy aimed at changing trucks’ time of travel will be determined by the joint response of carriers and receivers. Contributing to the understanding the nature of this response is the key goal of this paper.

From the methodological point of view, a number of journal articles have been published in topics related to this paper. These publications could be broadly classified in two key groups: (1) game theoretic; and (2) econometric formulations. Game theoretic formulations have a long tradition in freight transportation modeling, particularly in the context of spatial price equilibrium models. Since this literature is reviewed in-depth elsewhere (Friesz and Harker, 1985; Friesz and Holguín-Veras, 2005), it is not discussed here. On the other hand, econometric formulations that try to either represent, or assess the impacts of, the interactions among partnering agents represent an increasing body of knowledge. Examples include the use of structural equation modeling to assess the impact of carriers’ service factors in customer satisfaction (Lu, 2003); the use of ordinary least squares to estimate the relationship between sales and service performance (Suzuki and Tyworth, 1998); among others.  
However, there is only a handful of publications that specifically focus on econometric modeling of freight agents’ behavioral responses to pricing (Hensher and Puckett, 2005; Holguín-Veras et al., 2006b; Holguín-Veras et al., 2006d; Holguín-Veras et al., 2006c). Hensher and Pucket (2005), using discrete choice models, studied how supply chains would react to congestion pricing charges and other policies. In a sequence of three publications, Holguín-Veras and his colleagues: identified the nature of the interactions between carriers and receivers, in the context of independent carrier-recevier operations, as the “Battle of the Sexes” game (Rasmusen, 2001; Holguín-Veras et al., 2006c), used discrete choice models to estimate the effectiveness of tax deductions to Manhattan restaurants (Holguín-Veras et al., 2006b); and used a sequential decision making process to jointly model the carrier-receiver decision pertaining to time of travel (Holguín-Veras et al., 2006d; Holguín-Veras et al., 2006c). The final report of the original research project can be found elsewhere (Holguín-Veras, 2006a).
Although undoubtedly important because they provided econometric evidence of the role played by receivers and the potential effectiveness of comprehensive policies, the discrete choice models estimated in the NYSDOT project cannot capture the full complexity of the decision making process that would lead carriers and receivers to undertake off-hour deliveries. This is because of the nature of the stated preference experiments conducted, where truck dispatchers were asked if they would do off-hour deliveries if a given percentage of receivers requested the service, usually in combination with carrier-centered policies. It turns out that determining the impact of switching part of the operations to the off-hours requires solving a complex multi-vehicle routing problem combined with cost calculations; which is something the typical dispatcher cannot possibly do in the context of a telephone interview. As a result, it is not realistic to expect that truck dispatchers could properly estimate the financial impacts associated with off-hour delivery operations and, consequently, whether or not their companies would agree to do off-hour deliveries. This paper attempts to fill this void with the derivation of the necessary conditions needed for carriers and receivers to do off-hour deliveries. This formulation, as shall be seen later in the paper, provides insight into the expected impacts of alternative policies. 

3. Scope and Limitations

It is important, at this point, to define the scope and limitations of the work discussed in this paper. This will help the reader to both understand the complexity of the problem under study and to place the paper’s contributions in perspective. As the title of the paper suggests, the main focus is on competitive urban delivery markets, where oligopoly power is the exception, not the rule. It shall be remembered that the urban delivery market, and freight markets in general, are best understood as conglomerates of different markets, each of them with its own unique set of market conditions and degrees of market competition operating with various levels of overlap with other segments. The fact that each of these segments revolve around the production, transportation and consumption of a certain type of good is what enables the use of the commodity type as a proxy for the industry segment in which the company operates. As shown in Table 1, the different industry segments exhibited different degrees of market power, with segments that use specialized equipment, transport high valued goods, or have strong links with shippers being more able to pass toll costs to customers (in spite of the fact that the overall urban delivery market is considered a very competitive market since the 1980s deregulation). Since the formulations and analyses in the paper are inspired by observations in such a market, it follows that they are most applicable to competitive urban delivery markets. The applicability and validity to other market conditions, e.g., regulated urban delivery markets, would depend to the degree of market competition observed in the market. The more competitive the market, the more applicable the formulations would be.
The concept considered in the paper involves the used of tax incentives to receivers, combined with FRP as a revenue generation mechanism to finance the tax incentives. The goal is to use financial incentives to change the Nash equilibrium solution, for a meaningful number of receivers, from regular to off-hours. If a sufficient number of receivers change to the off-hours, there shall be no doubt that carriers would follow suit because of the higher productivity during the off-hours. As a result of, such policies may bring about a significant reduction in truck traffic during the regular hours.

One could also consider a Pigouvian tax targeting directly the receivers of shipments during the regular hours. However, such tax is bound to generate formidable opposition from the business community that would perceive the idea as being detrimental to the urban economy, as it would impact many businesses that simply cannot accept off-hour deliveries. Instead, the concepts considered here revolve around voluntary participation of receivers. For that reason, mandatory regulations like the ones implemented in Beijing, China, that mandate that all deliveries be made during the off-hour-hours are not considered. In this context, the idea of providing financial incentives to receivers, using funds generated by FRP, is likely to be well received by the business community because of: (1) its voluntary nature; and, (2) the perception that it would enhance the economic competitiveness of the urban area by the combined effect of the tax deduction, and congestion reduction. The fact that this idea is both politically attractive, and economically sound is bound to increase its chances of getting fully implemented.

For analyses purposes, two different cases are studied. The first one, referred to as the Base Case and denoted by the superscript BC, considers the situation prevailing in most urban areas where the amount of off-hour deliveries (7PM to 6AM) is very small. For the sake of simplicity, the formulations assume that no off-hour deliveries are undertaken in the base case conditions. For instance, the data indicate that only 4.09% of the shipments to Manhattan take place during the off-hours (Holguín-Veras et al., 2006c). As an alternative, the paper considers a Mixed operation with both regular and off-hour deliveries. This leads to a partition of the original set of customers into two groups: those that elect to receive shipments during the regular hours, and those that decide to shift to the off-hours. In this context, the total costs to the carrier are comprised of the costs for the regular hour deliveries and the costs for the off-hour deliveries. The paper assumes that at a result of the partition there is no loss in the number of customers. This assumption is defendable given the chronic oversupply in the deregulated urban delivery industry in which a carrier is bound to protect the customers it has. Throughout the paper, a superscript M is used to denote the mixed operation, R for regular, and O for off-hours. It is assumed that the toll surcharge—applied to the regular hour traffic—is the difference between the tolls for the regular and the off-hours. 

Two different agents are considered: a carrier j that delivers the cargoes to multiple receivers i. Here again some simplifications are warranted because of the combinatorial number of possibilities: receivers could get similar commodities from one or more carriers or different commodities from different carriers; carriers could use one or many different tours, carriers could have cooperative agreements with other carriers to deliver to some areas, among other possibilities. Adding complexity, the carrier and the receivers could be part of the same company, or be independent companies, as described before. Obviously, a comprehensive model able to capture all these variants is still out of reach. For these reasons, the paper focuses on an idealized operation consisting of carriers that deliver to multiple receivers using one or many different tours; and receivers that get all the cargoes they need from a given carrier (though it is straightforward to extend the formulations to consider multiple vendors).

The focus is on urban deliveries because they represent the bulk of truck traffic in urban areas. In the case of NYC, one of the few estimates available (Strauss-Wieder et al., 1989) for the traffic crossing the Hudson River indicates that the intra-regional (origin and destination in the region) freight traffic is 66.1%; that the inter-regional traffic (origin or destination in the region) is 27.2%; and thru traffic (origin and destination outside the region) is 6.7%. However, it is almost certain that these numbers underestimate the intra-regional traffic because they do not take into account NYC’s internal traffic or the one coming from upstate New York. The author estimated, using trip generation rates, that more realistic estimates are: 70-80% intra-regional traffic, 20-25% inter-regional, and 1-3% thru traffic. For that reason, understanding the underlying interactions between carriers and receivers—at the core of these intra-regional moves—may prove useful at the moment of designing policies aimed at moving truck traffic to the off-hours. The paper does not consider other segments of truck traffic such as service trips, thru trips traversing the urban area, and trips such as those to/from a container port that do not involve multiple receivers (though this case could be readily accommodated by the formulations developed in the paper). 

Two different types of industry structures are considered: independent and integrated carrier-receiver operations. The former considers the case in which carrier and receivers are entirely different companies, each trying to maximize profits. The latter corresponds to integrated carrier-receiver operations in which the carrier function is conduced for a parent or related company. In the case of independent operations, it has been shown already that the underlying interactions corresponds to the “Battle of the Sexes” game (Rasmusen, 2001; Holguín-Veras, 2006b; Holguín-Veras et al., 2006c); known to have two Nash equilibria whose outcome is determined by which player has more clout. Obviously, since the bulk of deliveries are made during the regular hours, it follows that the most frequent equilibrium solution is the one that favor receivers. In contrast, in integrated operations there are no strategic interactions among players; instead there is central decision making that implements whatever type of operation is more beneficial for the entire company. The particular case of large traffic generators, i.e., facilities that cluster dozens and even hundreds of different businesses, with central delivery stations is also discussed.

The paper does not attempt to describe the strategic interactions among the participating agents, in terms of: price setting, bargaining, competition, equilibrium and other aspects considered in game theoretic formulations. Obviously, the nature of such processes is highly dependent on the dimensions discussed earlier in this section and other elements such as: the objectives pursued, the agent’s market clout, among many others. Incorporating all these considerations does not seem possible at this time given the current state of knowledge, notwithstanding its evident importance. Further research must tackle these issues. 

The key thrust of the paper is on the definition of the necessary—though not sufficient—conditions for the success of policies aimed at increasing off-hour deliveries in urban areas. These necessary conditions are then transformed into particular forms corresponding to the three major policies considered in the paper: FRP in combination with financial incentives to receivers, only FRP, and laissez faire conditions in which neither FRP nor financial incentives are present. It is hope that the scope and objectives defined provide an avenue to gain insight into the effectiveness of FRP and alternative policies. 
4. Notation
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5. the necessary conditions

This chapter considers two different types of company structures. The first one, referred to as independent carrier-receiver operations, considers the case of independent carrier and receiver operations in which carrier and receivers are entirely different companies, each trying independently to maximize profits. The second case corresponds to integrated carrier-receiver operations in which the carrier function is conduced for a parent or related company. For both cases, this section presents the necessary conditions for off-hour deliveries to be feasible.  Two different forms of the necessary conditions are presented. The general form describes the set of mathematical conditions that are necessary for carriers and receivers to agree to do off-hour deliveries, without specific consideration of a particular policy. The particular forms of the necessary conditions are variants of the general conditions specifically tailored to consider a particular policy. At the end, the particular case of large traffic generators is discussed.

5.1 Joint behavior during independent carrier-receiver operations

Basic postulates of economic rationality imply that receivers and carriers would do off-hour deliveries if both sides are better off. For both agents, this entails ensuring that incremental gross revenues associated with undertaking a new course of action, e.g., doing off-hour deliveries, are larger than the corresponding incremental costs. It follows that a combination of policies targeting receivers and carriers—the policies are denoted by 
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 respectively—would lead to a condition in which off-hour deliveries are feasible, if and only if, there is a solution to the following set of equations, that represent the general form of the necessary conditions for off-hour deliveries to be feasible: 
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(3) 
Equation (1) states that receiver i would do off-hour deliveries if its incremental gross revenues are larger than incremental costs, while equation (2) states the same for carrier. Equation (3) indicates that the amount of time receiver i is open during the off-hours must be larger than a minimum threshold. These conditions could also be reinterpreted, in the context of the Principal Agent Theory, as the incentives that a regulator would have to set in place for off-hour deliveries to happen.

This section uses the general form of the necessary conditions to explore the particular forms corresponding to the three major policies discussed in the paper: (1) Financial incentives to receivers combined with freight road pricing; (2) Only freight road pricing; and (3) Laissez faire conditions. To simplify the notation, the parentheses denoting that gross revenues and costs are a function of policies 
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 are no longer included in the equations. For similar reasons, equation (3) will no longer be shown in the derivations, though obviously the condition 
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 must be always met.
5.1.1 Financial incentives to receivers combined with freight road pricing

This section considers the impact of a financial incentive, e.g., a tax deduction, to be provided to receivers in return for their commitment to do off-hour deliveries. Since it is likely that receivers, faced with the choice of not finding suitable carriers and, consequently, not getting the incentive, would decide to transfer part of the incentive to the carrier, the total incentive must be decomposed into the portion of the total incentive F receiver i keeps, 
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 (the reader is reminded that these variables are larger or equal than zero). The alternative suggested in the paper uses freight road pricing as the source of revenues to finance the incentives. 
In the case of a financial incentive provided to the receivers, and in the absence of any other forms of gross revenues, equation (1) becomes equation (4). In the carrier case, the incremental gross revenue is associated with the incentives transferred to the carrier by its receivers, as shown in equation (5). Since the incentive may be shared by receiver i and carrier j, equation (6) must be included as a technical constraint. This gives rise to the set of equations shown below.
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Equation (4) states that the incentive kept by the receiver must be larger or equal to its incremental costs of doing off-hour deliveries. Equation (5) indicates that the sum total of the financial incentives transferred from the receivers to the carrier must be larger or equal than the carrier’s incremental total costs. Equation (6) states that the financial incentive is to be divided between the carrier and the receiver. From equation (6):
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Replacing equation (7) in equation (4):
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Equation (8) could be transformed into:
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Computing the summation across i:
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Finally, from equations (10) and (5):
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Equation (11) is the necessary conditions for off-hour deliveries to be feasible as a result of financial incentives to receivers. Equation (11) states that, for a given set of values of the extended operating hours, 
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, the total amount of financial incentives transferred from receivers to the carrier has to be: (1) smaller than the money available to receivers in excess of their incremental costs (right hand side); and (2) larger than the total incremental cost to the carrier (left hand side). Equation (11) demonstrates the prominent role played by the financial incentive. As shown, the incentive is what may change the behavior of receivers because most receivers, without the incentive, would oppose off-hour deliveries because of the additional costs. The incentive may also improve the profitability of carriers, should receivers decide to transfer part of the incentive to carriers. 

It is important, at this point, to isolate the incremental toll costs. Let 
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 be the total incremental cost to carrier j, excluding the incremental toll costs. Replacing 
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 in equation (11), the necessary conditions become:
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It should be pointed out that the incremental costs associated with a potential shift to the off-hours depends on the structure of the service provided by the carrier. In the general case of a carrier making multiple (KBC) tours to a service area in the base case conditions, offering off-hour hour service may lead to a partition of the original set of customers into the group of customers receiving shipments during the regular, and the ones receiving during the off-hours. This implies that the number of tours during the mixed operation (KM) will be determined by the number of tours required during the regular (KR) and the off-hours (KO), which leads to three different possibilities: the total number of tours in the mixed operation (KM) is either: smaller than, equal to, or higher than the number of tours in the base case (KBC). 
The first case (KM <KBC) corresponds to situations in which, because of the higher operating speeds during the off-hours, the carrier could reduce the number of tours required, leading to higher savings attributable to the mixed operation. This would require that all or almost all the receivers shift to the off-hours. Otherwise, the travel time savings associated with traveling to the service area and traveling from customer to customer, would not be large enough to increase the number of customers served in a tour and, ultimately, reduce the total number of tours. The only industry segment in which this is likely to happen is in integrated carrier-receiver operations because their centralized decision making process enable them to switch the entire operation to the off-hours. However, in the case of independent carrier-receivers operation, which is the one considered in this section, a massive switch of receivers to the off-hours is not expected. In the Manhattan restaurant industry, for instance—widely considered a prime candidate for adoption of off-hour deliveries—the expected market share of off-hour deliveries has been estimated as 20-25% (Holguín-Veras et al., 2006b).

The second case (KM =KBC) arises when the creation of an off-hour delivery tour is accompanied by a reduction in the number of tours during regular hours. The third case (KM >KBC) results from situations in which the creation of a off-hour delivery tour, does not bring about a concomitant reduction in the number of regular hour tours. It is also obvious that, because the number of receivers is constant and the study area is relatively small (compact), it is very likely that the number of tours in the mixed operation will be larger than the number of tours in the base case by only one tour. This is because of the following reasons: (1) the compact size of the study area will enable to coordinate deliveries to multiple customers (thus avoiding the creation of off-hour hour tours to a handful of customers); (2) if many customers are interested in off-hour deliveries, which would require multiple off-hour delivery tours, it shall be possible to reduce the number of regular hour tours. 
An important particular case corresponds to carriers that make a single tour to the study area (single tour carriers). The data collected show that 32.81% of the trips, almost one third, are made by single tour carriers. This is important because, since it is not likely that all their customers would agree to off-hour deliveries, a significant number of these carriers may end up making two tours to the area.  
Obviously, for the case of multi tour carriers participating in independent carrier-receiver operations, the relevant cases are KM=KBC and KM=KBC+1. The corresponding incremental toll costs are 
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 respectively. For the single tour carrier case, 
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, which could be obtained from the corresponding multi-tour case. These results simply indicate that the incremental toll costs (savings) are equal to the total toll costs avoided by switching tours to the off-hours. Replacing the incremental toll costs found for the different subcases the necessary conditions become:

Single tour case: 
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Multi-tour case with KM=KBC: 
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Multi-tour case with KM=KBC+1: 
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These results indicate that the net impact of financial incentives and freight road pricing is to increase the size of the feasible region associated with off-hour deliveries. As shown, increasing values of F increase the values of the right hand side of the inequalities. At the same time, increasing toll surcharges do provide an incentive to multi-tour carriers to switch to the off-hours. The exceptions are single tour carriers for which toll surcharges have no impact whatsoever.

5.1.2 Only freight road pricing (FRP)
It is important to use the framework developed here to analyze the case in which only FRP is used. These analyses shed light into the economic reasons that explain the challenge faced by FRP in moving urban delivery trucks to the off-hours. The analyses assume that the carrier is able to transfer the toll costs to its receivers, which as discussed before it is not always the case. Since there are no incremental gross revenues to the carrier, the general form of the necessary conditions translate into:
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Equation (17) clearly states that carriers must enjoy cost savings to consider off-hour deliveries. In this context, the financial transfers that could serve as incentive to the receivers are the incentives provided by the carrier, that depend of the cost savings from the off-hour operation. Define 
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 as the part of the cost savings the carrier keeps for itself, and  
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 the part that the carrier sends to receiver i. Obviously:
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From equation (16):
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For all receivers:
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From equation (18):
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Since the total incremental gross revenue to receivers is equal to the (negative of) cost savings transferred by the carrier:
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Replacing equation (22) in (20):
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Replacing 
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 leads to a particular form of the necessary conditions that enables to focus on the role of toll surcharge:
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Equation (24) states that, in order for freight road pricing by itself to produce a significant change in the behavior of receivers, the magnitude of the carrier cost savings transferred to the receivers must be larger than the sum total of the receivers’ incremental costs. Equation (24) could be transformed into:
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The particular form of equation (25) could readily be used to analyze the implications for the various service structures discussed before that, as the reader may remember, determine the corresponding incremental toll cost. The key results are shown next.

Single tour case: 
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Multi-tour case with KM=KBC: 
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Multi-tour case with KM=KBC+1: 
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The necessary conditions shown above provide insight in the effectiveness of freight road pricing. For purposes of this discussion, assume a multi-tour carrier with KM=KBC. A feasible solution will exist if the total cost savings to the carrier are larger than the incremental costs to all receivers.  This leads to:
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Thus:
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Once divided by KO the interpretation of the terms inside the square brackets is very clear. The first tem is the mean value of the incremental cost all receivers in a tour. The second term is the average transfer from the carrier to all the receivers in the typical tour. 

Equation (30) has subtle, though very important, implications. The first one is that for FRP to succeed in inducing all receivers to shift to the off-hours, the toll surcharge must be larger than the summation of the incremental costs to all receivers in the tour minus the amount of savings the carrier would share with the receivers. A second implication is related the process followed by the carrier to allocate the toll surcharge among receivers. In order to highlight this important aspect, assume KO=1 (the interpretation is similar for KO>1). Assuming that carriers could transfer the tolls, the toll surcharge defined by equation (30) could be interpreted as the summation of the toll costs allocated to each receiver, 
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However, because of the additive nature of equation (30), one could decompose the right hand side as a summation of the net cost contributions from each receiver (incremental costs minus saving transferred by the carrier). Since a receiver will move to the off-hours if the portion of the tolls surcharge it has to pay is higher than its incremental cost minus any cost savings the carrier decides to share, it follows that a toll allocation of the form outlined in equation (32) represents the lowest value of the toll allocated to receiver i that will succeed in moving it to the off-hours. 
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(32)

Equation (32) was obtained by assuming that the receivers’ incremental costs are a function of the time extending into the off-hours, and that the carrier would allocate part of the savings proportionally to the number of receivers in the tour. The reader could verify that an allocation of the form outlined in equation (32), not only meets the conditions required by equation (30), but it is efficient because it achieves the objective of moving all receivers in the tour to the off-hours. For that reason, equation (32) is referred to as optimal toll allocation. Equation (32) indicates that efficiency requires that the portion of the toll allocated to each receivers increase with their position in the tour, because the magnitude of the incremental cost to receivers is directly proportional to the amount of time they need to extend operations into the off-hours waiting for the delivery. This implies that the relatively simple procedures routinely used by carriers, i.e., allocating tolls in proportion to the number of receivers in the tour, outlined in equation (33) will require a more convoluted bargaining process involving several iterations to ultimately succeed in moving the receivers to the off-hours. This is because equation (33 is an average value and, as such, there will be a significant number of receivers that have larger incremental costs. These receivers would elect to stay during the regular hours and, in the next iteration of price setting, they would face a larger toll allocation which would make some of them to switch to the off-hours, and so on. Ultimately, if the toll surcharge meets equation (30), all the receivers would shift to the off-hours. 
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In other words, the efficiency of freight road pricing depends on how the carrier allocates the toll surcharge among the receivers. If the carrier allocates the toll surcharge according to equation (32), freight road pricing will succeed in moving truck traffic to the off-hours, though it undoubtedly requires very high tolls, and would open the door for anti-discrimination suits against the carrier by the unhappy receivers at the end of the tour. If, on the other hand, the carrier follows standard practices and allocate the toll surcharge by simply dividing it by the number of receivers—as in equation (33)—it may take the carrier several years to reach the intended equilibrium. Needless to say, this analysis implicitly assumes that the carriers could pass the toll costs to receivers, which is not likely to hold on competitive markets.
5.1.3 Laissez Faire
The data show that in laissez faire conditions a relatively small amount of off-hour deliveries are conducted. For instance, in Manhattan—where time of day pricing in some bridges and tunnels exists since 2001—only 4.09% of deliveries are received during the off-hours. This section considers a situation in which no policy (neither FRP nor financial incentives to receivers) is implemented. 
The necessary conditions, as done before, could be obtained by modifying the previous equations by setting the toll surcharge to zero. This would apply to cases in which there are no tolls, and to situations in which there are tolls that are the same throughout the day. Setting SR=0,  leads to the necessary conditions shown in equation (34) that, as shown, are valid for both single and multi-tour carrier operations. (The reader should notice that, although the necessary conditions apply to all the subcases, the terms 
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Equation (34) suggests that off-hour deliveries may be possible under laissez faire conditions, though not likely, if the cost savings to the carrier are higher than the total incremental costs to the receivers. In this case, the carrier could simply give the receivers a significant price discount and both sides would be better off. However, the actual tour cost data collected by this research project clearly show that the carrier cost savings are significantly smaller than the incremental cost for receivers, which explain why most deliveries are made during the regular hours. This subject is further discussed in the next chapter.
5.2 Joint behavior during integrated carrier-receiver operations

In private carrier operations, what really matters is the combined performance of the receiving and transportation operations. In this context, off-hour deliveries are feasible if the incremental gross revenues are larger than the incremental costs associated with the combined operation, i.e., carrier and receiver combined. Letting 
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 be the gross revenues of the combined operation, the necessary conditions are:
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Replacing 
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 in equation (35), the necessary conditions become:
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The left hand side are the incremental gross revenues for the combined operation; while the right hand side represents the total incremental cost to receivers, and the carrier operation, where as before, 
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. Furthermore, since moving operations to the off-hours is a top level management decision that could be mandated to all receivers (typically, company franchises), it is very likely that the decision would involve moving all or none of the operations to the off-hours. In the context of an all or nothing decision, the incremental cost the carrier is (the equations for the single tour correspond to 
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It is worth noting that, since the alternative being considered entails moving the entire operation to the off-hours, it is possible that—because of the higher travel speeds—some tours could be eliminated, leading to 
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. A more conservative situation—which is the one assumed here—would arise if there is no difference in the number of tours, 
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. In this context, the incremental fixed cost and the incremental distance costs are equal to zero because the only difference is time of travel. Since both the incremental distance cost and the incremental toll cost are negative, the carrier operation is almost always likely to benefit from off-hour deliveries to congested urban areas. The open question is whether or not these savings are larger than the incremental costs to receivers. Adding together the incremental cost for the receivers i, one could compute the incremental cost for the receiving operations:
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Since the different receivers are likely to have similar incremental costs:
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The term 
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 represents the total amount of time the receivers have to extend operations during the off-hours to get the deliveries, with 
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In the case of a financial incentive, and assuming that all receivers get the incentive, the necessary conditions become:
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For ease of interpretation, equation (45) is reorganized so that the external stimuli (i.e., financial incentives and toll surcharges) are moved to the left hand side:
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It is interesting to notice that, in contrast to the common carrier case, in private carrier operations the tolls enter into the computation of incremental benefits (because their ability to switch the entire operations to the off-hours enables them to avoid paying the toll surcharges altogether). Equation (46) shows that the cost savings—determined by the terms in the square brackets—increase with the number of trips transferred from the regular to the off-hours; and that, at the same time, the cost increases with the number of stores (because of the longer tour time). This suggests that the type of companies that would benefit the most from switching to the off-hours are those that make multiple deliveries to a relatively small number of receivers. At the same time, the total incentive increases with the number of stores and the number of trips moved from the regular to the off-hours. As shown, both the total incentive and the tolls work together increasing the size of the feasible region. 

If only freight road pricing is used, the necessary conditions could be obtained by setting 
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 in equation (36). It follows that, in their particular form, the necessary conditions are:
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Alternatively, from equation (46):


[image: image140.wmf]å

W

Î

+

ú

û

ù

ê

ë

é

-

³

O

j

i

O

i

O

BC

BC

T

R

T

R

BC

R

m

K

D

c

u

K

S

t

g

q

1

1







(48)

Similarly, if a laissez faire situation exists, the general form of the necessary conditions is:
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Or,
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All of this means that, as before, the three major policies considered here are part of a continuum, in which the main difference between the policies is the level of potency of the stimulus. Obviously, the most potent stimulus is provided by the combination of financial incentives to receivers combined with freight road pricing; followed by freight road pricing, with laissez faire at the bottom of list. 
There is also another factor that increases the benefits of off-hour deliveries for integrated operations, i.e., lower incremental costs of extending operations to the off-hours. There are many companies that have lower incremental costs of receiving during the off-hours, which includes all of the major retailers (e.g., 7-11, Linens-N-Things, Walmart) that are already open during the off-hours. Their low incremental costs, combined with the large number of delivery tours, significantly increase the profitability of any off-hour operations. Not surprisingly, many of these large retailers already conduct off-hour deliveries.
The fact that companies engaged in integrated carrier-receiver operations are more likely to benefit from off-hour deliveries has important policy implications because these companies represent a sizable, though not quantified yet, portion of the urban truck traffic. The Commodity Flow Survey provides data that shed light into its importance. The data show that private carriers (participating in integrated operations) captured 53.21% of the total tons in transported by trucks in 2002; and 23.31% of the ton-miles (compared to 46.79% and 76.69% for for-hire carriers) (United State Department of Transportation, 2004). These numbers suggest that private carriers are doing, primarily, short haul trips of the kind found in urban areas. As a result, a shift of private carrier traffic to the off-hours is bound to have a significant impact in urban congestion.

5.3 Large traffic generators

A particular case that deserves specific discussion corresponds to facilities that cluster dozens, and even hundreds, of businesses or separate units. Examples in NYC include: Madison Square Garden, Grand Central Terminal, and the Javits Center. These facilities, referred to here as Large Traffic Generators (LTG), have some unique features of interest. First, LTGs generate significant amount of truck traffic associated with both shipping and receiving operations. Grand Central Terminal, for instance, receive about 250 deliveries per day (not including the deliveries they ship out). Second, most of the LTGs handle incoming and outgoing deliveries with a central delivery station. These factors suggest both a relatively large payoff in terms of truck traffic shifted to the off-hours, and minimal implementation costs because the incremental costs associated with off-hour deliveries would be allocated among multiple businesses. In this context, it should be possible to use the central delivery stations at LTGs to handle incoming and outgoing deliveries during the off-hours. Incoming deliveries to the LTG would be received during the off-hours and then delivered to the corresponding receivers during regular hours. Outgoing deliveries would follow the reverse process. This is an attractive alternative because, as discussed before, the incremental cost to receivers associated with off-hour deliveries is the key obstacle for moving trucks to the off-hours. In this context, providing incentives to LTGs in exchange for their commitment to do off-hour deliveries would be a cost effective alternative that could translate into meaningful reductions in truck traffic during the congested regular hours.

6. Numerical Estimates
The significance of the formulations derived in this paper can only be fully appreciated when real-life cost estimates are added to the picture. This chapter provides numerical estimates of key parameters, and results for some of the formulations. The chapter starts with a discussion on the incremental costs to receivers associated with off-hour deliveries, cost savings to carriers, the importance of the allocation process used by carriers to transfer toll costs to receivers, and the feasibility of FRP and financial incentives combined with FRP. In order to focus on the case in which FRP has a better chance of succeeding in moving truck traffic to the off-hours, this section assumes that carriers could indeed pass toll costs to receivers. As discussed before, this is not likely to be the case in competitive markets. 

As discussed in the paper, receivers will bear the majority of the costs of a shift to off-hour deliveries. This would include increases in the costs of labor, management, heating and air conditioning, lighting, security, and insurance. Although it is not possible to make generalizations, two set of estimates are generated based on: three different assumptions of the labor wage rate, two values of indirect cost rate, and whether or not fringe benefits and over-time pay are included. It is assumed that all the cost items, with the exception of the direct cost of labor, are captured in the indirect costs. The estimates were produced on the basis of input provided by industry representatives (Holguín-Veras, 2006a), see Table 2. The column labeled “low estimate” only considers an indirect cost rate of 75%, which would correspond to a case in which a part time employee is hired to do the off-hour work. The columns labeled “high estimate” consider a higher indirect cost rate of 100%, and two different alternatives: considering fringe benefits (when a full time employee is asked to do the off-hour work) and over-time pay (if on top of the other costs, over time pay must be paid). As shown, receivers are likely to experience incremental costs in the range of $14/hour to $48.60/hour of off-hour operation. The business representatives interviewed as part of the NYSDOT project estimate that typical values would be in the range of $20-$25/hour; and that companies already open during the off-hours may experience costs as low as half of these amounts.
Table 2: Typical range of incremental costs to receivers ($/hour)
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The impact on carriers is analyzed with the use of a cost function estimated using proprietary data provided by carriers. Originally, the analyses considered the two most widely used truck types: the single unit two axle truck; and, the semi-trailer with a 3 axles tractor and a two axles trailer (Holguín-Veras, 2006a); though only the semi-trailer results are presented in the paper. Premium wages for the crews were considered (+20%), as well as a higher operating speed during the off-hours. The average speeds were taken from the experience of Linens-N-Things, a major retail store that implemented off-hour deliveries before the Los Angeles Olympics (Holguín-Veras, 2006a). The cost function was embedded in a micro-simulation of a single-tour carrier making different amounts of off-hour deliveries. The simulation computed the total cost of the mixed operation for a range of values of the distance to the first customer, and the percentage of receivers requesting off-hour deliveries. The percent change in costs with respect to base case costs, is shown in Figure 1. The estimates show that if the percentage of customers requesting off-peak deliveries is small, the carriers would experience an increase in operating costs (in the form of a step function, which for clarity purposes is not depicted as such in Figure 1), which is the result of the increase in the fixed costs associated with traveling to the customers’ locations. The magnitude of this increase is in direct proportion to the distance to the first stop: the longer the distance, the higher the additional cost. In all cases, the larger the number of customers requesting off-hour deliveries, the larger the cost savings to the carrier. As a result of this, regardless of the distance to the first stop, carriers making 100% of their deliveries during off-hours will accrue cost savings of nearly 28%. This confirms yet again that carriers stand to gain from off-hour deliveries, as they would experience higher productivity and lower costs, even if paying premium wages to the crews. For that reason, in equality of conditions, carriers would prefer off-hour deliveries to traveling during the daytime in any congested urban area.
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Figure 1: Percentage change in total cost as a function of distance to the first stop and percentage of customers requesting off-hour deliveries 

It is important to mention that, in spite of the significant cost savings in percentage terms, the magnitude of the cost savings in absolute values are not significant enough for the carrier to compensate the receivers and still save money. The data collected indicate that the average cost per tour is about $300 per tour, with a median of $200 per tour. Figure 2 shows the distribution of cost per tour (outliers not shown).
Figure 2: Distribution of cost per tour
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Note: The frequencies shown in the figure correspond to the intervals that end at the stated value of cost per tour.

To put everything together, consider the case of the carrier delivering to six receivers, that represents the average number found in urban areas (Holguín-Veras and Patil, 2005; Holguín-Veras, 2006a). It has been assumed that the travel time between customers is 10 minutes, that unloading time is 15 minutes, that the minimum amount of time during the off-hour period is one hour, and that the carrier is located 25 miles from the first customer. As shown in Table 3, the first receiver would have to extend operations by an hour, while the last receiver in the tour would have to extend operations for more than 3 hours (to allow for the carrier to travel and unload at the previous stops). It is assumed that the tour cost is $300 and that the cost savings during the off-hours amount to 28% (assuming that all receivers switch to the off-hours), which the carrier decided to split in half with the receivers.
Table 3: Hypothetical case of a carrier delivering to six receivers
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1 60 $20.00 -$7.00 $13.00

2 10 15 85 $28.33 -$7.00 $21.33

3 10 15 110 $36.67 -$7.00 $29.67

4 10 15 135 $45.00 -$7.00 $38.00

5 10 15 160 $53.33 -$7.00 $46.33

6 10 15 185 $61.67 -$7.00 $54.67

Total 50 75 735 $245.00 -$42.00 $203.00


Figure 3 shows the incremental costs for the six receivers together with the cost savings passed by the carrier and the optimal toll allocation using equation (44). Table 3 shows that, in order for the toll surcharge to succeed in moving these receivers to the off-hours, it must be larger than $203. Assuming that such toll surcharge is implemented, the average toll surcharge per receiver would be $33.83. However, as shown in Figure 3, this amount overcharges receivers 1, 2 and 3; and undercharges receivers 4, 5, and 6. As a result of this, receivers 4, 5, and 6 will not move to the off-hours, and the carrier would have to pay part of the toll costs (in real life, the carriers may opt for over-allocating the toll surcharge, as indicated to the author by company dispatchers participating in a focus group). Of course, this is bound to lead to another round of contract negotiations in which the receivers that, in the first round, decided to stay in the regular hours would be asked to pay a larger portion of the toll surcharge. After several rounds all the receivers would operate during the off-hours. 
Figure 3: Incremental costs vs. position of the receiver in the delivery tour 
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Something must be said about the political feasibility of a toll surcharge of $203. To provide some context, it is enlightening to analyze what is observed in real life. As reported elsewhere (Holguín-Veras et al., 2006a), there are not many implementations of time of day pricing for trucks. The most important one in the United States is the one discussed in this paper, i.e., the one at the PANYNJ facilities. In this case, the toll differential between the regular and the off-hours is $2.50/axle, which for a five axle semitrailer translates into a regular hours surcharge of $12.50. Obviously, once divided among six receivers, this amount is of no consequence when compared to the receivers’ incremental costs of moving to the off-hours. In this context, it is obvious that a rational receiver would simply pay the toll cost and maintain the operational status quo. This implies that the current toll surcharge would need to be increased by a factor of 16 to reach the level of $203, which no typical decision maker is likely to do.

Table 3 hints at the fact that FRP is bound to have different impacts depending on the number of receivers in the tour. Tours with relatively few receivers would be more sensitive to tolls than tours would a lot of receivers. Figure 4 shows the values of the minimum toll surcharge needed for all receivers of a given tour to switch to the off-hours. The numbers were estimated using calculations similar to the one shown in Table 3. As shown, the toll surcharge increase dramatically with the number of receivers in the tour because of the cumulative nature of the total cost to receivers. This suggests that the group most likely to respond to FRP is the group of carriers that make deliveries to a few receivers, though this would also depend on the receivers’ incremental costs. The latter is important because it is likely that receivers that are so important as to be one of the few customers visited in a tour have higher incremental costs.
Figure 4: Minimum toll surcharge to switch an entire tour to the off-hours
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It is interesting to examine these results under the light of the particular forms of the necessary conditions developed in the paper for the single-tour carrier case (the results for multi-tour carriers are expected to be similar). For the benefit of the reader, the corresponding necessary conditions have been copied below, together with the original equation numbers (in all cases 
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Freight road pricing and financial incentives to receivers: 
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Freight road pricing:
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Laissez Faire: 
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As the reader may notice, the necessary conditions for off-hour deliveries in the cases of only freight road pricing and laissez faire are not met. In both cases, the total costs to receivers ($245) are larger than any cost saving the carrier could pass to them. Even if the carrier does not keep any of the savings (
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=0), the cost saving of $84 would not be enough to compensate the receivers. 

The examination of the necessary condition for freight road pricing combined with financial incentives reveals a different story. In this case, the feasibility of the necessary condition also depends on the financial incentive provided. As a result a suitable financial incentive would induce at least some receivers to seek the off-hours service. In this context, a toll surcharge of $5 to the more than 8 million trucks that use the PANYNJ facilities every year would generate more than $40 million in toll revenues to finance the tax deduction to receivers willing to accept off-hour deliveries. At the same time, a tax deduction of $10,000/year to the approximately 6,500 Manhattan restaurants and drinking places (attracting 6.8 deliveries/day) is estimated to translate into 20% of them accepting the offer, at a total cost of $13 million. This would lead to a reduction in daytime truck traffic in excess of 4,000 truck-trips/day (a conservative number obtained by assuming that a truck could serve two restaurants per stop), equivalent to 1.3 million truck-trips per year (Holguín-Veras, 2006a; Holguín-Veras et al., 2006b). Although the figure of 4,000 truck-trips per day does not sound like much, it represents one sixth of the daily traffic at the Hudson River crossings; and is several times larger than the truck traffic reductions following the 2001 time of day pricing implementation at the PANYNJ (Holguín-Veras et al., 2005). The remainder of the toll revenues could be used to provide either tax incentives to receivers at large, or to provide incentives to large traffic generators (e.g., Grand Central Terminal, Madison Square Garden) so that they are willing to handle off-hour deliveries on behalf of their tenants, that frequently number in the hundreds. The latter is a particularly attractive alternative because these large traffic generators tend to have central delivery stations that could receive off-hour deliveries, and deliver the shipments to the consignees during the regular hours. In the context of such large traffic generators, the incremental costs of the receiving operations would be minimal.
7. Conclusions

This paper has attempted to put together a comprehensive picture of the necessary conditions required for receivers and carriers to agree to do off-hour deliveries, and the effectiveness of alternative policies to foster such change in competitive markets. Such policies seems to be needed because the empirical evidence indicates that freight road pricing may not be the most effective way to move truck traffic out of the congested hours. This is because: the decision about delivery time is jointly made between the carrier and the receiver; the carriers have great difficulties passing toll costs to receivers; and, in the few cases where toll costs could be passed, the price signal reaching receivers is of no consequence compared to receivers’ incremental costs of off-hour deliveries. Three different policies are considered: freight road pricing combined with financial incentives to receivers willing to accept off-hour deliveries, freight road pricing, and laissez faire conditions (neither freight road pricing, nor financial incentives). The paper uses an economic formulation to estimate the impact a policy would have on the agents’ profits, which provides insight into how the agents would react. These formulations, expressed as the necessary conditions for off-hours, were modified so that they represent three key policies: freight road pricing combined with financial incentives to receivers willing to accept off-hour deliveries, only freight road pricing, and laissez faire conditions (neither freight road pricing, nor financial incentives). 

Two major cases of industry structures have been considered: independent and integrated carrier-receiver operations, together with the particular case of large traffic generators with centralized delivery stations. It was found that integrated operations are significantly different than independent operations. This is because what really matters in this case are the impacts on the combined operation, as opposed to the impacts on each agent. This translates into a centralized decision making process that enables the decision maker to implement all-or-nothing alternatives, by which all deliveries or none at all are moved to the off-hours. As a result, integrated operations can take full advantage of the type of operation most beneficial to them and avoid the kind of cost duplications that arise in the case of independent operations. 

In the case of independent carrier-receiver operations, the evidence shows that the decision about delivery time is the outcome of the interaction between these agents as part of what is known as the Battle of the Sexes game, where the receivers play the dominant role. The paper shows that, because of the competitive nature of the urban delivery industry, rates tend to be set at marginal costs. This, in turn, prevents the industry to transfer toll surcharges to their customers because the tolls are, generally, a fixed cost that vanishes from the calculation of marginal cost. As a result, the receivers in competitive markers are not likely to receive any price signal; that are only possible in the industry segments in which the carriers enjoy oligopoly power. Equally significant is that, even in those cases, where the carrier could pass toll surcharges to their customers (9% in the case of New York City), the price signal is of no consequence when compared to the incremental costs to receivers associated with off-hour deliveries. To overcome this, the paper proposes the use of tax incentives to receivers willing to the off-hour deliveries, combined with freight road pricing as a revenue generation mechanism to finance the incentives. 
The paper suggests that special attention should be paid to large traffic generators that cluster multiple businesses because these facilities tend to generate significant amount of truck traffic and handle incoming and outgoing deliveries with a central delivery station. These factors suggest both a relatively large payoff in terms of truck traffic shifted to the off-hours, and minimal implementation costs because the incremental costs associated with off-hour deliveries would be allocated among multiple businesses. Incoming deliveries would be received during the off-hours and then delivered to the corresponding receiver during the regular hours. Outgoing deliveries would follow the reverse process. This is an attractive alternative because, as discussed before, the incremental cost to receivers associated with off-hour deliveries is the key obstacle in moving trucks to the off-hours. In this context, providing incentives to these facilities in exchange for their commitment to off-hour deliveries would be a cost effective alternative that could translate into meaningful reductions in truck traffic during the regular hours.

The analyses of the necessary conditions for these policies indicate that the most potent stimulus is provided by freight road pricing in combination with financial incentives. Using real life cost estimates, the paper concludes that neither freight road pricing by itself, nor laissez faire, are likely to achieve the desired goal of inducing a significant switch of truck traffic to the off-hours.
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