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Abstract 

  

Roads connecting jurisdictions generate externalities. Brueckner (2015) shows that autonomous 

jurisdictions can set efficient road capacity when road construction costs are constant returns to 

scale and the geography of the road follows a “monocentric” route. Brueckner’s analysis is 

intriguing because the “monocentric” route resembles the realistic case where suburbs lie along a 

road that leads into a central business district. I examine the robustness of Brueckner’s efficiency 

result by varying jurisdictional control over the road and by introducing two-way commuting to 

his model. In particular, I argue that decentralized road plans in Greater Victoria do not satisfy 

Brueckner’s geography and so capacity choices are inefficient. Additionally, I make an argument 

for centralized public sector policy choice.  
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1. Introduction 

 There has been a long debate in local public finance over whether decentralization or 

regional amalgamation leads to better government. In the presence of significant public sector 

spillovers, Oates (1972) argues that local policy choices are inefficient. This inefficiency arises 

due to local decision-makers ignoring the external costs (or benefits) arising from spillovers 

since their goal is to meet the demands of only their local constituents. Therefore, Oates argues 

that centralized decision-making in a region is better because it can take into account residents of 

all jurisdictions. This argument was recently reformulated by Besley and Coate (2003) and 

helped spur a vast literature on the advantages and disadvantages of decentralized decision-

making. 

 Previously, Tiebout (1956) proposed that people ‘vote with their feet’ by sorting into 

jurisdictions that reflect their preferences. If locally determined tax and expenditure levels are 

set, residents maximize their utility by choosing a jurisdiction with the best combination of taxes 

and services. His results indicate that fiscal decentralization can be efficient, because a mobile 

population will maximize their own utility. However, Tiebout assumes that no inter-

jurisdictional spillovers are present, which differs from Oates (1972).  

 Inter-jurisdictional spillovers exist in road capacity choice of one jurisdiction when 

individuals from other jurisdictions use the road. Transportation infrastructure is a good that is 

provided by different levels of governments and subject to significant inter-jurisdictional 

spillovers. In Greater Victoria, two large-scale infrastructure projects are underway. This paper 

addresses the question of whether these projects are being provided efficiently. Both the 

provincial and federal government are financing the McKenzie Interchange (see Table 1). Hence 

this project can be viewed as centralized policy choice. The Johnson Street Bridge is financed 
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largely by the City of Victoria and so it can be seen as a local policy choice (see Table 2). In this 

paper I will assess these projects, considering whether they have the potential to be efficiently 

provided in a decentralized setting where inter-jurisdictional spillovers are present. 

 To assess the efficiency of the provision of public goods I use a model proposed by 

Brueckner (2015). The metropolitan area in his model is composed of geographical jurisdictions 

called “zones,” which are connected by a sequence of locally controlled bridges that lead to a 

central business district (CBD). Brueckner shows that autonomous jurisdictions can set efficient 

road capacity when road construction is constant returns to scale and the geography of the road 

follows a “monocentric” route. Brueckner’s analysis is intriguing because the “monocentric” 

route resembles the realistic case where suburbs lie along a road that leads into a central business 

district. Brueckner’s model appears to bridge the gap between decentralized and centralized 

policy choice by demonstrating that decentralization can work in the presence of inter-

jurisdictional spillovers. 

 I consider how Brueckner’s (2015) efficiency result changes when jurisdictional control 

of road is varied. Additionally, I extend this model to allow for two-way travel, where residents 

of all zones travel into the city center to receive income during the week, and travel away from 

the city center to consume an environmental amenity on the weekends. This extension is relevant 

in Greater Victoria as significant inter-jurisdictional travel takes place and residents travel in 

both directions for different reasons.  

 The analysis of these added complexities lead me to the conclusion that broader, more 

centralized planning is a better alternative to local decision-making for road infrastructure 

projects in Greater Victoria. Although these results may be too late to influence what is 
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happening to current road investment in Greater Victoria, it will offer insight for future projects 

or other regions when making choices on the provision of their own road infrastructure projects. 

 

2. Model: Construction and Analysis 

 To analyze these Greater Victoria transportation projects I use Brueckner’s (2015) model 

of a multi-jurisdictional city. Three zones, – the suburban, midcity, and central zones –, are 

separated geographically. A bridge controlled by the suburban zone connects the suburban zone 

to midcity, while another bridge controlled by the midcity connects the midcity to the center 

zone (see Figure 1).  All residents must travel to the city center to work and receive income. 

Given free mobility and identical individuals, residents’ utilities are of the same level 𝜇 in 

equilibrium. Utility is derived from consumption of a non-land composite good 𝑒! , 𝑖 = 𝑠,𝑚, 𝑐, 

and individual land consumption 𝑞! , 𝑖 = 𝑠,𝑚, 𝑐 (preferences are assumed to take a quasi-linear 

form 𝑒 + 𝑉 𝑞  where 𝑉! > 0,𝑉" < 0). Land prices are determined by demand. It is assumed that 

only private land exists in these zones and people do not derive utility from amenities such as 

parks, although I relax this assumption in my extension of the model. Populations in the zones 

are denoted 𝑛! , 𝑖 =  𝑠,𝑚, 𝑐,  which must sum to a fixed overall population N, such that 

(1)  𝑛! + 𝑛! + 𝑛! = 𝑁. 

 In this model, the suburb is able to set the capacity of the suburban bridge, and the 

midcity is able to set capacity of the midcity bridge. Capacities of the midcity and suburban 

bridges are denoted 𝑘! and 𝑘!. Cost of providing bridge capacity, 𝐵 𝑘! , 𝑖 = 𝑠,𝑚, is positive, 

and has constant returns to scale given by 𝐵′ 𝑘! ∗ 𝑘!  =  𝐵 𝑘! , 𝑖 = 𝑠,𝑚. Expanding road 

capacity is independent of land, thus increasing road capacity does not decrease individual land 
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consumption.  Road expansion has long been a politically popular solution to congestion, but 

economists have argued that is not an optimal approach.  The “fundamental law of traffic 

congestion” or the Pigou-Knight-Downs Paradox (Arnott and Small, [1994]) suggests that 

increased road capacity does not relieve congestion. In the absence of pricing, larger roads attract 

more users in equilibrium matching the new capacity. Baum-Snow (2007) also finds that 

building highways causes sprawl. The US interstate highway system built after World War II 

caused population to move outside the city center. This was due to the technological advance of 

highways, which decreased travel times and increased the incentive to move outside the center. 

In Brueckner’s (2015) model, additional capacity is paid for by a budget-balancing user fee in 

the decentralized equilibrium. 

 User fees on each bridge are set independently, where the suburban government sets the 

fee for the suburban bridge, and the midcity government sets the fee for the midcity bridge. User 

fees are determined by the costs of providing the bridge, 𝐵 𝑘! , 𝑖 = 𝑠,𝑚, divided by the volume, 

and these user fees should be thought of as tolls. The number of suburban residents determines 

the volume for the suburban bridge, while the number of suburban residents plus midcity 

residents determines the volume of the midcity bridge. User fees for the midcity bridge (partially 

paid for by suburban residents), provide the midcity with an incentive to expand bridge capacity.  

 The model assumes one-way travel toward the central zone as individuals commute to 

work and no residents remain at home. All residents receive employment income 𝑦, from the 

central business district (CBD) located in the central zone.  Time costs depend on the level of 

congestion, which is determined by traffic volume and the bridge’s capacity. Travel within zones 

is zero so time costs only arise on bridges. Commuters on the suburban bridge face a time cost 

given by 𝑇 𝑛!, 𝑘!  which is dependent on traffic volume 𝑛!, and bridge capacity 𝑘!. The midcity 
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bridge is made up of commuters from both the midcity and suburban zones, and time costs 

𝑇 𝑛! + 𝑛!, 𝑘!  depend on the traffic volume 𝑛! + 𝑛!, and capacity 𝑘!. Residents of the 

suburban zone face both time costs, while the midcity residents only face the time cost associated 

with their bridge. With one-way travel, central zone residents do not leave their zone and do not 

incur any time costs or tolls. The partial derivative of T with respect to volume is  

𝜕𝑇/𝜕(𝑛! + 𝑛!) > 0 and with respect to capacity 𝜕𝑇/𝜕𝑘! < 0 (analogous with suburban 

bridge). Time costs follow the self-financing theorem developed by Mohring and Harwitz 

(1962). The theorem shows that under certain conditions of optimally designed and priced roads, 

user fees are sufficient to cover its capital costs. For the self-financing theorem to apply in this 

model, bridge capacity must be provided with constant returns to scale, and T must be 

homogenous of degree 0. Therefore, T is only a function of the volume capacity ratio, meaning if 

volume and capacity increase proportionally, time costs are unchanged. 

 To analyze the efficiency of decentralized decisions, I first derive the social optimum 

from a planner’s perspective. Secondly, I will derive what is efficient from the decentralized 

equilibrium. Lastly, I compare the social optimum to the decentralized equilibrium, and show 

that the conditions are the same. 

 

2.1 Planner’s Goal: The Social Optimum 

 To maximize the common utility level of the zones residents’ 𝜇, the regional planner 

must minimize the city’s resource consumption. To do this, I derive the cost function for a given 

common utility level of all residents. Since utility is quasi-linear, any increase in the overall 

resources, without changing the cost of travel or land, would result in a higher level of private 
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consumption for all residents without impacting the distribution of residents across all zones. For 

the planner, it is inefficient to leave vacant land in the city, so the midcity and central zones are 

completely occupied 

(2)  𝑛!𝑞! = 1,𝑛!𝑞! = 1. 

Vacant land exists in the suburban zone. 

 Imposing the overall population, land, and the utility constraints, the cost function for the 

planner is 

(3)   C µ = 𝑁 − 𝑛𝑐 − 𝑛𝑚 𝜇 − 𝑉 𝑞𝑠 + 𝑛𝑐 𝜇 − 𝑉 1
𝑛𝑐

+ 𝑛𝑚 𝜇 − 𝑉 1
𝑛𝑚

 

+𝑟 2 + 𝑁 − 𝑛! − 𝑛! 𝑞! + 𝑁 − 𝑛! − 𝑛! 𝑇 𝑁 − 𝑛! − 𝑛! , 𝑘! + 𝑁 − 𝑛! 𝑇 𝑁 − 𝑛! , 𝑘!  

+𝐵 𝑘! + 𝐵(𝑘!). 

To cut down on variables, constraints were manipulated and substituted such that  

𝑛! = 𝑁 − 𝑛! − 𝑛!, 𝑞! = 1/𝑛! , 𝑞! = 1/𝑛!, 𝑒! = 𝜇 − 𝑉 𝑞! , 𝑖 = 𝑠,𝑚, 𝑐. The first line of the 

objective function captures total cost of the consumption good for the three zones, which is the 

zones population times their non-land consumption good 𝑒. The other two lines represent the 

cost of allocating people in the different zones. For the planner, land price is assumed to be the 

same in all zones and equal to the agricultural rent 𝑟. The term, 𝑟 2+ 𝑁 − 𝑛! − 𝑛! 𝑞! , is the 

opportunity costs of urbanized land and the (2) represents the midcity and central city land, 

which are completely occupied. The time costs of the suburban and midcity bridge make up the 

last two terms on the second line, while the costs of providing capacity of the two bridges make 

up the last line. Brueckner (2015) uses a Lagrange function. I have substituted the constraints 
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directly into the in function to eliminate the Lagrange multipliers. The resulting cost function is 

equivalent to Brueckner’s Lagrange function and produces the same results. 

 Differentiating (3) with respect to bridge capacities 𝑘!, 𝑘!, yields the first order 

conditions (FOC) 

(4)  𝑁 − 𝑛! − 𝑛!
!"
!!!

+ 𝐵′ 𝑘! = 0 

 

(5)   𝑁 − 𝑛!
!"
!!!

+ 𝐵′(𝑘!) = 0. 

Equations (4) and (5) indicate that, at the optimum, the marginal time cost savings of bridge 

users equals the marginal cost of providing capacity.   

 The first order condition (FOC) for 𝑞! is 

(6)  𝑉! 𝑞! = 𝑟,  

which states that the marginal utility of land consumption of the suburban zone is equal to the 

agricultural rent at the optimum. 

 Differentiating (3) with respect to population of the central zone 𝑛!, yields the FOC 

(7)  𝑉 𝑞! − 𝑉 !
!!

+ !
!!
𝑉! !

!!
− 𝑟𝑞! − 𝑇 𝑁 − 𝑛! − 𝑛!, 𝑘! − 𝑁 − 𝑛! − 𝑛!

!"
!!!

 

   − 𝑇 𝑁 − 𝑛! , 𝑘! − (𝑁 − 𝑛!)
!"

! !!!!
= 0. 

Equation (7) indicates that, at the optimum, relocating a resident from the suburban zone to the 

central zone (holding 𝑛! constant) results in offsetting cost increases and cost savings. Land is 

taken from the suburban resident and they are given land in the central zone. The difference is 
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captured in the first two terms. The next term captures the decrease in everyone’s utility from 

land use in the central zone as we add one more resident. This term is positive because it is a cost 

for the planner. To compensate all these residents for their lower consumption of land, the 

planner gives them an equal amount of the consumption good e. The central planner saves −𝑟𝑞! 

by moving a person from the suburbs, as well as the travel cost associated with that person 

commuting from the suburbs, and the impact one resident in the suburbs has on everybody else’s 

travel costs. 

 Differentiating (3) with respect to population of the midcity zone 𝑛!, yields the FOC 

(8)  𝑉 𝑞! − 𝑉 !
!!

+ !
!!
𝑉! !

!!
− 𝑟𝑞! − 𝑇 𝑁 − 𝑛! − 𝑛!, 𝑘!  

− 𝑁 − 𝑛! − 𝑛!
𝜕𝑇
𝜕𝑛!

= 0. 

 Equation (8) states that, at the optimum, relocating a resident from the suburban zone to the 

midcity zone (holding 𝑛! constant) results in offsetting cost increases and cost savings. Land is 

taken from the suburban resident and they are given land in the midcity. The difference is 

captured in the first two terms. The next term captures the decrease in everyone’s utility from 

land use in the midcity as the planner adds one more resident. This term is positive because it is a 

cost for the planner. To compensate all these residents for their lower consumption of land, the 

planner gives them an equal amount of the consumption good e. The central planner saves −𝑟𝑞! 

by moving a person from the suburbs, as well as the travel cost associated with living in the 

suburbs, and the impact one resident in the suburbs has on everybody else’s travel costs. 

 Comparing (7) and (8), if both hold then we must have 
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(A7)  𝑉 𝑞! − 𝑟𝑞! − 𝑇 𝑁 − 𝑛! − 𝑛!, 𝑘! − 𝑁 − 𝑛! − 𝑛!
!"

!"!!!!!!
 

  =  𝑉 !
!!

− !
!!
𝑉! !

!!
+ 𝑇 𝑁 − 𝑛! , 𝑘! + 𝑁 − 𝑛!

!"
! !!!!

 

(A8)   𝑉 𝑞! − 𝑟𝑞! − 𝑇 𝑁 − 𝑛! − 𝑛!, 𝑘! − 𝑁 − 𝑛! − 𝑛!
!"

!"!!!!!!
 

=  𝑉
1
𝑛!

−
1
𝑛!

𝑉!
1
𝑛!

. 

With (A7) = (A8) implying 

(9)  𝑉 !
!!

− !
!!
𝑉! !

!!
+ 𝑇 𝑁 − 𝑛! , 𝑘! + 𝑁 − 𝑛!

!"
! !!!!

=  𝑉 !
!!

− !
!!

𝑉! !
!!

. 

Equation (9) states that, at the optimum, the resource costs from adding a person to the midcity 

or central zones are equal.  

 The 6 conditions (1), (2), (4-6), and (9) determine the socially optimal values of 

𝑞!,𝑛!,𝑛! , 𝑘!, 𝑘!. The three zones’ consumption values, e, can be recovered from the utility 

constraints for each zone. Once the cost function is determined, the distribution of people will 

not change to reach higher levels of the common utility level. This is a consequence of the quasi-

linear utility function. 

 

2.2 The Decentralized Equilibrium 

 Greater Victoria is a decentralized city with many jurisdictions. The Capital Regional 

District encompasses the thirteen municipalities of Greater Victoria. These jurisdictions have 

local governments responsible for providing public goods such as roads. Inter-jurisdictional 



FINANCING	OF	MAJOR	ROAD	INFRASTRUCTURE	PROJECTS	IN	VICTORIA	 13	

spillovers exist in road capacity choice of one jurisdiction when individuals from other 

jurisdictions use the road. Brueckner’s model provides a good starting point for analyzing the 

real world, because jurisdictions must make capacity choices that affect the residents from other 

jurisdictions who drive on their roads. In the model, financing of infrastructure relies on budget-

balancing user fees (tolls). 

 Tolling can be used to reduce congestion or to recover the costs of infrastructure projects. 

Both the Johnson Street Bridge and the McKenzie Interchange are toll free. The BC Ministry of 

Transport has guidelines on tolling, where they encourage the private sector to provide the 

infrastructure and impose tolls to recover the costs. The guidelines on tolling in BC are: 

1. Only major Projects that result in significant increases in capacity will be subject to 

tolling 

2. Tolls will be implemented only if there are clear, demonstrable net benefits for the users 

of the new or improved facilities. 

3. Tolls will be implemented only if a reasonable un-tolled alternative is available. 

4. The level of tolls and limits on the amount and frequency of increases will be established 

in advance. 

5. Public consultation will occur in all cases where new tolls are considered. 

6. The public will have the same rights to access tolled highways as non-tolled highways. 

7. Tolls will be used to generate revenue for transportation projects and provide a return on 

the investment of the private-sector partners. 

8. The same maintenance, safety and other standards, and rules of the road, will apply to 

tolled highways as non-tolled highways. 

9. The privacy of personal information used to levy and collect tolls will be protected. 
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10. A fair and expeditious process will be available for resolving tolling disputes. 

11. The consequences of failing to pay tolls will be fair and reasonable. 

 Although the guidelines seem stringent and difficult to satisfy, there has been a precedent 

of tolling in BC. Some examples of tolling in BC are the Coquihalla Highway, which was tolled 

for 20 years by the provincial government, and, currently, the Port Mann Bridge and Golden Ears 

Bridge in Vancouver. Financing for the Port Mann Bridge was provided entirely by the 

provincial government after the public-private partnership that built the bridge failed. Both the 

Coquihalla Highway and the Port Mann Bridge show that the provincial government has been 

willing to toll to recover costs of infrastructure projects. Vancouver’s regional transportation 

authority, Translink, operates tolling on the Golden Ears Bridge, and is an example of private 

sector tolling. 

 Tolls are also used to reduce congestion. Congestion externalities occur when users of 

roads impose costs on other users by slowing them down. Vickrey (1963) notes that this 

externality results from the absence of peak pricing, and from the overpricing of other modes of 

travel. This follows from Pigou (1920) noting that tolls can lower travel time and enhance social 

welfare.   

 Politically, tolling to reduce congestion has been controversial. Vickrey (1955) was the 

first to identify that income heterogeneity is a political obstacle to tolling.  High-income earners 

benefit more than low-income earners from the reduced congestion that tolls bring. This is due to 

wealthier individuals having a higher value of time. Additionally, low-income earners may be 

forced off the road if they cannot pay the tolls. This view is not supported by Small (1983) who 

believes tolls should not be rejected based on income distribution. Instead Small argues that tolls 

should be packaged with progressive taxation to make them more politically palatable. The 
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regressivity of tolls could be addressed by giving tax credits to low-income families through the 

income tax system. This could completely undo the regressivity of tolls or congestion pricing. 

 Canada’s Ecofiscal Commission recently released a report on traffic congestion in 

Canada. The report’s focus is to reduce congestion and not recover the costs of infrastructure 

projects. Their findings indicate that congestion pricing is the ‘missing piece of Canada’s urban 

mobility puzzle’ (Canada’s Ecofiscal Commission, 2015). The report has four recommendations. 

The first is to customize congestion pricing to the local context. The second is to seek aid from 

the provincial governments to implement, enable, and facilitate pilot projects. The third 

recommendation is that the federal government should help fund the infrastructure projects. 

Lastly, all levels of government should share information and incorporate lessons into policy. 

The report highlights the growing need for congestion pricing across many communities in 

Canada as a way to internalize congestion externalities. In Brueckner’s model, tolls are used to 

recover the costs of providing infrastructure and act as optimal congestion tolls to ensure optimal 

population distribution across zones. 

 In Brueckner’s multi-jurisdictional city, residents earn income 𝑦 from the CBD, which is 

reduced by loss of work time due to congested bridge crossings. The suburban zone is able to set 

capacity of the suburban bridge, and the midcity zone is able to set the capacity of the midcity 

bridge. Both zones establish a budget-balancing user fee to recover the capacity costs of 

providing the bridge. The suburban bridge only charges tolls to suburban users, while the midcity 

bridge charges tolls to both midcity and suburban residents.  

 In equilibrium, residents choose land consumption levels to maximize their utilities 

𝑒! + 𝑉 𝑞! , 𝑖 = 𝑠,𝑚, 𝑐. Utility is quasi-linear, and to achieve a higher utility level, residents 
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always want higher private consumption, 𝑒! , 𝑖 = 𝑠,𝑚, 𝑐.  Residents’ can also get higher utility 

from an increase in land. With quasi-linear utility, the price of land doesn’t change; an increase 

in income would result in the same increase in e. This means that only e has an income effect. 

Resident’s private consumption is equal to their income (same for all residents) minus land costs, 

and any associated time and user fees associated with crossing bridges. Land rent for midcity and 

central residents is denoted 𝑟!, and 𝑟! . For midcity, suburban, and central residents, their utility 

maximization problem (UMP) is 

max
!!,!!

𝑒! + 𝑉 𝑞! 𝑠. 𝑡.  (10) 𝑒! = 𝑦 − 𝑟!𝑞! − ! !!
!!!!

−T 𝑁 − 𝑛! , 𝑘!  

max
!!,!!

 𝑒! + 𝑉 𝑞!  𝑠. 𝑡. 11  𝑒! = 𝑦 − 𝑟𝑞! −
𝐵 𝑘!
𝑁 − 𝑛!

−
𝐵 𝑘!

𝑁 − 𝑛! − 𝑛!
 

                                                             −𝑇 𝑁 − 𝑛! , 𝑘! − 𝑇(𝑁 − 𝑛! − 𝑛!, 𝑘!) 

max
!!,!!

 𝑒! + 𝑉 𝑞!  𝑠. 𝑡. (12) 𝑒! = 𝑦 − 𝑟!𝑞!. 

From (10), (11), and (12) yields,  

(13)  𝑉! 𝑞! = 𝑟,  

(14)  𝑉! 𝑞! = 𝑟! , 𝑖 = 𝑚, 𝑐. 

Suburban residents’ maximize utility by setting their marginal utility of land consumption equal 

to the agricultural rent. Midcity and central residents’ maximize utility by setting their marginal 

utility of land consumption is equal to their land rent. Residents choose their consumption of 

private goods and land once they’ve chosen a location. But through the budget constraint, e can 
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be expressed in terms of q, and so once location is chosen, the UMP boils down to choosing land 

consumption. 

 In equilibrium, zone governments, acting on behalf of the suburban and midcity 

residents, choose bridge capacity to maximize the utility of their residents. It is the only policy 

instrument they have to influence their residents’ utility. Each government views the capacity 

choices and population of the other governments as given. Governments do not interfere in the 

housing market, but some control bridge capacity. A higher bridge capacity lowers residents 

travel costs but increases their user fees (if residents use the bridge) all else equal. Governments 

in control of bridge capacity take this relationship into account when choosing bridge capacity. 

Government’s maximize residents’ utility with respect to 𝑘! and 𝑘!, 

max
!!,!!

𝑛! 𝑒! + 𝑉 𝑞!  𝑠. 𝑡. 10  for 𝑖 = 𝑚, and 𝑠. 𝑡. 11  for 𝑖 = 𝑠, 

 (15)  !! !!
!!!!

= − !!
!!!

  

(16)  !! !!
!!!!!!!

= − !!
!!!

. 

Equations (15) and (16) indicate that governments maximize residents’ utilities by setting the 

marginal increase in the user fee due to capacity expansion equal to the resulting saving in 

individual time cost. 

 In equilibrium, utility must be equalized across zones, otherwise some residents would 

have an incentive to move. This implies that 𝑒! + 𝑉 𝑞! = 𝑒! + 𝑉 𝑞!  and  

𝑒! + 𝑉 𝑞! = 𝑒! + 𝑉 𝑞! . This can also be stated as 
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(17)  𝑉 𝑞! − 𝑟!𝑞! = 𝑉 𝑞! − 𝑟𝑞! −
! !!

!!!!!!!
− 𝑇(𝑁 − 𝑛! − 𝑛!, 𝑘!)	

(18)  𝑉 𝑞! − 𝑟!𝑞! = 𝑉 𝑞! − 𝑟𝑞! −
! !!
!!!!

− ! !!
!!!!!!!

− 𝑇 𝑁 − 𝑛! , 𝑘!  

−𝑇 𝑁 − 𝑛! − 𝑛!, 𝑘! .	

As 𝑒! , 𝑖 = 𝑠,𝑚, 𝑐, is given by (10), (11), and (12). If both (17) and (18) hold then 

(A17)  𝑉 𝑞! − 𝑟𝑞! −
! !!

!!!!!!!
− 𝑇 𝑁 − 𝑛! − 𝑛!, 𝑘! =  𝑉 𝑞! − 𝑟!𝑞! 

(A18)  𝑉 𝑞! − 𝑟𝑞! −
! !!

!!!!!!!
− 𝑇 𝑁 − 𝑛! − 𝑛!, 𝑘! = 𝑉 𝑞! − 𝑟!𝑞! +

! !!
!!!!

+ 𝑇 𝑁 − 𝑛! , 𝑘! .       

If (A17) = (A18), then 

(19)  𝑉 𝑞! − 𝑟!𝑞! =  𝑉 𝑞! − 𝑟!𝑞! +
! !!
!!!!

+ 𝑇 𝑁 − 𝑛! , 𝑘! . 

Equation (19) indicates that any difference in the size of land consumption between central and 

midcity residents will lead to compensating differences in consumption of 𝑒.	

 The equilibrium values, 𝑞!, 𝑞! , 𝑞!,𝑛!,𝑛! ,𝑛!, 𝑘!, 𝑘!, 𝑟!, 𝑟!  are determined by the 

population and land area constraints in (1) and (2), the utility maximizing conditions (13-16), and 

utility equalization condition (19). Now the equilibrium and optimality conditions can be 

compared. 

 

2.3 Comparing the Social Optimum and the Equilibrium 

 The population constraint (1) and land area constraint (2) are common in both the 

equilibrium and optimality conditions. By bringing users N− 𝑛! − 𝑛!,N− 𝑛!, to the right hand 
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side (RHS) of (15) and (16), marginal cost of providing capacity conditions (15) and (16) are the 

same as the planning conditions (4) and (5). This equivalence indicates that the potential 

distortion from the capacity spillovers associated with the midcity bridge is corrected in 

equilibrium. To understand this, a distortion arises if the midcity residents have no incentive to 

consider the benefits to suburban residents in choosing their bridge capacities. However, the 

budget-balancing toll charged for using the midcity bridge (partially paid for by suburban 

residents), provides an incentive for the midcity to efficiently supply bridge capacity. This 

incentive exactly cancels the tendency for local governments to underprovide public goods due 

to spillovers. Therefore, the user fee is important in generating optimal bridge capacity in 

equilibrium. 

 The remaining comparison is between the population allocation condition (9) and the 

utility equalization condition (19). Land constraints (2), 𝑞! , 𝑖 = 𝑚, 𝑐, in 19  replace 

1/𝑛!  , 𝑖 = 𝑚, 𝑐, in (9). Given (14),  𝑉! 𝑞! , 𝑖 = 𝑚, 𝑐, in (19) replaces 𝑟! , 𝑖 = 𝑚, 𝑐 in (9) making the 

second terms on each side of (9) the same as (19). The conditions are also different due to the 

third term on the RHS of (9) being replaced by ! !!
!!!!

 in (15). Under the technological 

assumptions of the self-financing theorem, these conditions are the same. The first assumption is 

constant returns to scale in the provision of bridge capacity, which implies  

(T1)  𝐵′ 𝑘! ∗ 𝑘! = 𝐵(𝑘!).  

The other assumption is zero degree homogeneity of T, which implies  

(T2) !"
!!!

= −
!!!!

!"
! !!!!

!!
 . 
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From (15) we know – !! !!
!!!!

= !!
!!!

.  

By (T2) and (15) yield, 

(20)   !!(!!)
!!!!

=
!!!!

!"
! !!!!

!!
. 

With 𝑇1  𝐵′ 𝑘! ∗ 𝑘! = 𝐵(𝑘!), and rearranging (20) reduces to 

(21)  !! !! ∗!!
!!!!

= !(!!)
!!!!

= (𝑁 − 𝑛!)
!"

! !!!!
. 

	
This shows that (𝑁 − 𝑛!)

!"
! !!!!

 in planning condition (9) can be replaced by !(!!)
!!!!

, making it 

the same as (19). Therefore, when capacity is chosen optimally, the midcity user fee (21) equals 

the optimal congestion toll, which is given by the RHS expression that captures the congestion 

damage from an extra midcity bridge user. This toll ensures that the city’s population is 

optimally distributed. Given this technology, the midcity government can make additional users 

of the bridge pay for their expansion of the capacity. The government cannot do anything about 

how many people use the bridge, but given how many use it, it chooses capacity to maximize its 

own residents’ welfare. 

 By relying on budget-balancing user fees and the self-financing theorem, the midcity 

government chooses the socially optimal bridge capacity despite inter-jurisdictional spillovers to 

suburban residents. These results are summarized in Brueckner’s proposition 1: 

Proposition 1: Suppose that the conditions of the self-financing theorem are satisfied (constant 

returns to bridge capacity and zero degree homogeneity of T). Then, provided that financing 

relies on budget-balancing user fees, decentralized choice of road capacities in a multi-

jurisdictional city with spillovers leads to an efficient equilibrium.  
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3. Varying Jurisdictional Control of Bridges 

 In the context of Brueckner’s model, the Johnson Street Bridge in Victoria is a bridge that 

connects the central zone (Victoria) to the midcity (Esquimalt). The Johnson Street Bridge, 

provided largely by the City of Victoria, is viewed as a bridge in control of the center zone (see 

Figure 2).  Similarly, the McKenzie Interchange, located in Saanich, is a bridge that connects the 

midcity zone (Saanich) to the suburbs (Langford, Colwood, and View Royal). Although the 

McKenzie Interchange is being provided by a central government, let us consider the case where 

it is provided in a decentralized setting with Saanich funding the project. I will consider the 

implications of having a different bridge control structure in the context of Brueckner’s model, 

and see if alternative bridge control arrangements are efficient. 

 The midcity bridge becomes the central bridge and residents still travel one-way to the 

CBD. With bridge capacity in control of the center zone, the FOC for central bridge capacity in 

the planner’s problem is 

(22)  𝑁 − 𝑛!
!"
!!!

+ 𝐵! 𝑘! = 0. 

This is the same as (5) except that 𝑘! is replaced by 𝑘! . This states that, at the optimum, the 

marginal increase in the cost of providing bridge capacity is equal to the time costs savings of 

midcity and suburban residents. 

 In the decentralized equilibrium, zone governments maximize their residents’ utilities by 

choosing bridge capacity. The central zone government’s problem is given by 

max
!!,!!

 𝑛!(𝑒! + 𝑉 𝑞! ) 𝑠. 𝑡.  10  𝑒! = 𝑦 − 𝑟!𝑞!. 

 Bridge capacity does not enter the center’s residents’ utility function and so the center 

government is indifferent between choosing any two bridge capacities. This means that in the 

decentralized equilibrium, it is unclear what capacity will be set, because no central residents use 
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the bridge. The central zone government may not replicate the social optimum in choosing 

bridge capacity and efficiency will likely not hold. This will also be the case if the midcity is in 

control of the suburban bridge (Saanich controlling McKenzie Interchange). Midcity residents do 

not use the bridge, and the midcity government may not choose bridge capacity efficiently. 

  In the context of Greater Victoria, neither the Johnson Street Bridge nor the McKenzie 

Interchange will be provided efficiently in my modification of Brueckner’s model. This occurs 

because the City of Victoria, and Saanich, have no incentive to choose capacity efficiently in the 

decentralized equilibrium, as a social planner would in the social optimum. 

 Summarizing yields my first original result, 

 

Proposition 1: If bridge capacity choice is in control of a jurisdiction where residents of that 

jurisdiction do not use the bridge, capacity choice is unclear, and the decentralized equilibrium 

may not replicate the social optimum. 

 

 By contrast, suppose the suburban government was in control of both the suburban and 

midcity bridge. The midcity bridge now becomes “suburban bridge 2” and the original suburban 

bridge becomes “suburban bridge 1” (see Figure 3).  Bridge capacity, 𝑘!, is replaced by 𝑘!!, and 

𝑘! is denoted by 𝑘!!. At the social optimum, capacity choice is characterized by 

(23)  𝐵! 𝑘!! = − 𝑁 − 𝑛! − 𝑛!
!"
!!!!

 

(24)  𝐵! 𝑘!! = − 𝑁 − 𝑛!
!"
!!!!

. 

Equation (23) and (24) indicate that, at the social optimum, the marginal cost of providing 

capacity is equal to the marginal time-cost savings to users. The suburban zone government will 
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max
!!!,!!

𝑛! (𝑒! + 𝑉 𝑞! ) s. t. objective fuction,  

max
!!!,!!

𝑛! (𝑒! + 𝑉 𝑞! ) s. t. objective function,                           

which yields, 

(25)  !! !!!
!!!!

= − !!
!!!!

  

(26)   !! !!!
!!!!!!!

= − !!
!!!!

. 

By bringing users to the RHS of (25) and (26), the decentralized choice in bridge capacity 

replicates the social optimum, and the marginal cost of additional capacity equals the marginal 

user time cost savings in the social optimum and decentralized equilibrium. This happens 

because suburban residents travel on both bridges and their government has the incentive to 

choose bridge capacity to maximize its residents’ utilities. As a result, the decentralized 

equilibrium coincides with the social optimum. The suburban zone is the only jurisdiction where 

this will be true under the assumptions of Brueckner’s model. 

 

4. Introducing Two-way Travel  

 I extend Brueckner’s model to allow for two-way travel for residents to consume an 

environmental amenity, S, at the suburban fringe. An example of this would be residents of an 

urban area travelling to open space to hike or engage in other recreational activities on the 

weekends. For residents to consume this amenity, they must travel just beyond the border of the 

suburban zone two days a week on the weekends (see Figure 4). Residents still commute to the 

CBD to receive income, but now only do so for five days a week on the weekdays. Bridge 
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control is the same as in Brueckner’s original model, where the midcity controls the midcity 

bridge, and the suburban zone controls the suburban bridge.  

 This extension is relevant to Greater Victoria (and many other metro areas) as significant 

inter-jurisdictional travel takes place (see Figures 5 and 6). People’s utilities are 𝜇 in all zones 

and are derived from private consumption 𝑒! , 𝑖 = 𝑠,𝑚, 𝑐, individual land consumption 

𝑞! , 𝑖 = 𝑠,𝑚, 𝑐, and consumption of the environmental amenity S, where 0 < 𝑆 < 1 (preferences 

are assumed to take a quasi-linear form 𝑒 + 𝑉 𝑞 + 𝐴(𝑆) where 𝑉! > 0,𝑉" < 0 and 𝐴! >

0,𝐴!! < 0).  

 Travel within zones is zero and time costs result only from congested bridge crossings. 

Residents of the midcity and suburban zone face the same time costs to travel to work but now 

only do so five days a week. For weekend travel, time costs for midcity bridge users are 

𝑇 𝑛! , 𝑘! , and 𝑇 𝑛! + 𝑛!, 𝑘!  for suburban bridge users. Weekend travel costs only affect 

residents’ utility and does not decrease their income. This is because weekend travel costs do not 

result in loss of work time. Central residents must travel on both bridges on the weekend, while 

the midcity residents must cross the suburban bridge. Central residents’ utility of amenity 

consumption is 𝐴 1− (2/7) 𝑇 𝑛! + 𝑛!, 𝑘! + 𝑇 𝑛! , 𝑘! 𝑆 , as S is decreased by time 

costs on the midcity and suburban bridge two days a week. Midcity residents’ utility of amenity 

consumption is 𝐴 1− (2/7) 𝑇 𝑛! + 𝑛!, 𝑘! 𝑆 , as S is decreased by travel on the suburban 

bridge two days a week. Suburban residents do not leave their zone to consume the 

environmental amenity, so their utility of amenity consumption is simply S. 

 In the decentralized equilibrium, a budget-balancing user fee is still used to cover the 

costs of providing additional capacity. These tolls are set independently, where the suburban 

government sets the toll for the suburban bridge, and the midcity government sets the toll for the 
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midcity bridge. User fees are determined by the costs of providing the bridge divided by the 

volume of use. For five days a week the suburban residents determine the volume of their bridge, 

while weekend volume is determined by central and midcity residents. For five days a week the 

volume of the midcity bridge is made up of midcity and suburban residents, while central 

residents determine volume on the weekend. To test the robustness of Brueckner’s result, I focus 

on bridge capacity choice, which ultimately determines whether the bridge will be provided 

efficiently. I undertake the same exercises as with the original model, which can be found in the 

Appendix. 

 

4.1 Planner’s Goal: The Social Optimum 

 For a given target level of utility, µ, the social planner will seek to minimize the region’s 

resource consumption. Overall population is fixed and equal to (1). The midcity and central 

zones are completely occupied resulting in (2), while the suburban zone still contains vacant 

land. Imposing the population, land, and utility constraints, yields the objective function for the 

planner’s problem. 

 The objective function captures total resource consumption for the three zones, the 

opportunity cost of urbanized land, time costs of the suburban and midcity bridge, and costs of 

providing capacity of the two bridges. I undertake the same exercise in the original planner’s 

problem by deriving FOCs for minimization of the objective function for each of 

𝑘!, 𝑘!, 𝑞!,𝑛!  and 𝑛!. 
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 The FOCs for 𝑘! and 𝑘!, indicates that, at the optimum, the marginal cost of capacity 

equals the marginal time cost savings. This happens for residents travelling to the amenity on the 

weekend, or to the CBD on the weekdays. 

 The FOC for 𝑞!, indicates that the marginal utility of individual land consumption in the 

suburban zone is equal to the agricultural rent at the optimum. The same result (6) is in the 

original planner’s problem with one-way travel. 

 The FOC for 𝑛!, holding 𝑛! constant, indicates that the marginal cost of moving an extra 

resident to the central zone equals marginal cost savings from moving them out of the suburb, at 

the optimum. Utility of land consumption is decreased for central residents when central zone 

population increases. Utility of amenity consumption is also decreased for central residents as 

more time costs result on the midcity and suburban bridges on the weekend. The planner 

compensates these residents with the same value of the consumption good. Savings occur from 

less land in the suburbs and decreased time costs for midcity and suburban bridge users during 

the week. 

 The FOC for 𝑛!, holding 𝑛! constant, indicates that the marginal cost of moving an extra 

resident to the midcity equals marginal cost savings from moving them out of the suburb, at the 

optimum. Utility of land consumption is decreased for midcity residents when midcity 

population increases. Utility of amenity consumption is also decreased for midcity residents as 

more time costs result on the suburban bridge on the weekend. The planner compensates these 

residents with the same value of the consumption good. Savings occur from less land in the 

suburbs and decreased time costs for midcity and suburban bridge users during the week. 
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 The population (1) and land (2) constraints, along with the first order conditions found in 

the Appendix, determine the socially optimal values of 𝑞!,𝑛!,𝑛! ,𝑛!, 𝑘!, and 𝑘!.   

 

4.2 The Decentralized Equilibrium 

 As in Brueckner’s original decentralized equilibrium, residents earn income 𝑦 from the 

CBD, which is reduced by loss of work time due to congested bridge crossings. Residents travel 

to the amenity on the weekends. Weekend time costs result from congested bridge crossings and 

affect residents’ utility. This does not reduce residents’ income because there is no loss in work 

time. The suburban zone is able to set capacity of the suburban bridge, and the midcity zone is 

able to set the capacity of the midcity bridge. Both zones establish a budget-balancing user fee to 

recover the costs of providing additional capacity. On the weekdays, the suburban bridge charges 

tolls to suburban users, while the midcity bridge charges tolls to both midcity and suburban 

residents. During the weekends, the suburban bridge charges tolls to midcity and central 

residents, while the midcity bridge only charges tolls to central residents. 

 In equilibrium, zone residents choose land consumption levels to maximize their utilities. 

Utility is quasi-linear and achieving a higher utility level for residents always leads to higher 

private consumption 𝑒! , 𝑖 = 𝑠,𝑚, 𝑐. Residents can also get higher utility from an increase in land. 

With quasi-linear utility, the price of land doesn’t change; an increase in income would result in 

the same increase in e. This means that only e has an income effect. Residents cannot maximize 

their amenity consumption because it relies on time costs that are driven by capacity choices. 

Private consumption for residents is equal to income minus land costs, and any time and user 

fees associated with crossing bridges. Marginal utility of land consumption for residents is the 
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same as Brueckner’s original decentralized equilibrium, which is equal their respective land rents 

(12) and (13). 

 In equilibrium, zone governments acting on behalf of the suburban and midcity residents, 

choose capacities of their bridges to maximize the utility of their residents. Each government 

views the other’s capacity choice and population as given. The central zone cannot maximize 

their residents’ utility through capacity choice because the midcity and suburban zones control 

bridges. Similarly, the midcity government cannot maximize its residents’ utility of amenity 

consumption because they do not control the capacity of the suburban bridge. The supply of land 

is fixed and completely occupied in the midcity, so the midcity government cannot give land to 

residents to maximize their utility. Similarly, the supply of land is fixed and completely occupied 

in the center, and the central zone government cannot maximize residents’ utility by giving them 

land. The FOCs for bridge capacities are the same as in the original decentralized equilibrium 

(15) and (16). 

 

4.3 Comparing the Social Optimum and Equilibrium 

 Population (1) and land constraints (2) are the same in the social optimum and 

decentralized equilibrium. The decentralized FOCs of bridge capacities differs from the social 

optimum. In choosing bridge capacities, both the suburban and midcity zone ignore weekend 

travel. The midcity government maximizes the utility of its residents by choosing midcity bridge 

capacity, and because their residents do not travel on this bridge on the weekends, capacity will 

be set inefficiently for central residents travelling to the amenity. This results in too much 

capacity for central residents on the weekend. The suburban government maximizes the utility of 
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its residents by choosing suburban bridge capacity, and because their residents do not travel on 

this bridge on the weekends, capacity will be set inefficiently for central and midcity residents 

travelling to the amenity. This results in too little capacity for central and midcity residents on 

the weekends.  Marginal increase in user fees will only equal the individual time cost savings for 

weekday travel, and ignore savings or costs for weekend travel. The user fees cannot be budget-

balancing on both bridges at the same time, and decentralized choice in road capacity will not 

replicate the social optimum. 

 Given the assumptions of the self-financing theory, the user fee for the midcity bridge 

(21) will be the same as in Brueckner’s original model. The user fee is the cost of providing the 

bridge, divided by volume. Contingent on the allocation of residents in this city, the midcity user 

fee will either be set too low or too high. This happens because the midcity sets the capacity, and 

the capacity is unchanged for weekday and weekend travel. Therefore, the cost of providing 

capacity is the same for weekday and weekend travel. To recover costs, the users must be the 

same on the weekends and weekdays. If  𝑛! < 𝑛! + 𝑛!, user fees of the midcity bridge will be 

set too low, and will not be able to recover the cost of providing capacity. If the opposite is true 

(𝑛! > 𝑛! + 𝑛!), the user fee will be too high and will bring in more money than is needed to 

provide capacity. Only if 𝑛! = 𝑛! + 𝑛! will a user fee be budget-balancing on the midcity 

bridge given weekday and weekend travel. However, if 𝑛! = 𝑛! + 𝑛!, it would be impossible 

for suburban bridge user fee to be budget-balancing since 𝑛! ≠ 𝑛! + 𝑛!.  

 If a zone is in control of all bridges, and their residents used both these bridges for one-

way travel, then the decentralized equilibrium replicates the social optimum (section 3). 

However, in this extension with two-way travel, there exists no bridge control structure where a 

government will set efficient capacities that replicate the social optimum. Only if users on 
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bridges were the same on the weekdays and weekends would a zone set capacity efficiently on 

both bridges. This is impossible from the population constraint (1). 

 Given the self-financing theorem, the user fees will not coincide with the optimal 

congestion toll, resulting in a suboptimal distribution of population across zones. The 

decentralized equilibrium will not replicate the social optimum. 

 Summarizing yields my second original result, 

 

Proposition 2: With two-way travel for different reasons (to earn income one way, and consume 

an amenity one way), jurisdictions will set capacity inefficiently. User fees on bridges (roads) 

cannot simultaneously be budget-balancing because users are not the same for two-way travel. 

Decentralized choice in road capacity will not lead to an efficient equilibrium. 

 

 This has implications for road investment in Greater Victoria. With significant inter-

jurisdictional travel, where residents travel into the city on weekdays, and out of the city of 

weekends, decentralized choice in road capacity will not be efficient. The Johnson Street Bridge, 

which is largely financed by the City of Victoria, will not be provided efficiently with two-way 

travel. If tolls were imposed, the City of Victoria will set capacity incorrectly, resulting in user 

fees that are unable to recover costs of providing the bridge.  

 Consider if the McKenzie Interchange was provided in a decentralized way. Saanich 

would provide the infrastructure and recover additional capacity costs through user fees. With 

significant inter-jurisdictional travel, that is, where residents travel into the city on weekdays, 
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and out of the city on weekends, decentralized choice in road capacity will not be efficient. 

Capacity will not be set correctly, resulting in user fees that are unable to recover the costs. 

Additionally, if one jurisdiction were able to achieve a budget-balancing user fee (by users being 

equal on weekdays and weekends), it would be impossible for the other jurisdiction to do so. 

 

5. Discussion: A Case For The McKenzie Interchange 

 This paper has derived a few results by extending Brueckner’s model. With one-way 

travel, a reversal of bridge control results in the decentralized equilibrium being different than 

the social optimum. With two-way travel, there exists no bridge control structure where the 

decentralized equilibrium can replicate the social optimum. In Greater Victoria, a city with 

significant inter-jurisdictional spillovers, neither the Johnson Street Bridge nor McKenzie 

Interchange can be provided efficiently in a decentralized manner.  

 The social optimum provides a better starting point for infrastructure projects in Greater 

Victoria. The planner’s problem is able to take into account all residents. In this context, the 

provincial government should provide the Johnson Street Bridge, as they will better be able to 

take into account the external costs and benefits of inter-jurisdictional spillovers. 

 However, the Provincial and Federal Government are providing the McKenzie 

Interchange. This financing of road investment by central governments more closely resembles 

the social optimum. The central government is able to take into account all residents, and will not 

ignore the benefits or costs resulting from inter-jurisdictional spillovers. Then, they are able to 
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set bridge capacity efficiently. However, without user fees, suburban population will be 

inefficiently high as lower costs attract residents to the suburbs.  

 

6. Conclusion 

 This paper has shown that the inefficiency of decentralization in the presence of inter-

jurisdictional spillovers still remains. Brueckner (2015) finds that in a monocentric city where 

budget-balancing user fees finance bridge capacity, decentralized capacity choices made by 

individual zones replicate the social optimum despite the presence of spillovers. His results are 

crucially tied to a bridge control structure where residents of that zone are present among users at 

all points in time. 

 When capacity choices are in the hands of a zone whose residents do not use the bridge, 

then the decentralized equilibrium may not generate the social optimum. This occurs because 

zone governments can only maximize the utility of residents through capacity choice, and if their 

residents do not use their bridge, capacity may be set inefficiently. 

 When two-way travel is introduced, that is, where residents travel into the city to receive 

income and out of the city to consume an amenity, there exists no decentralized bridge control 

structure that is efficient. This is because there is no point where a resident of a zone will be 

present among users of the bridge at all times. No particular zone government can set capacity 

correctly by maximizing the utility of its residents. If capacity is set incorrectly, user fees, which 

are meant to cover the costs of providing additional capacity, will not cover costs. Given the self-

financing theorem, user fees will not act as optimal congestion tolls, and the city’s population 

will be suboptimal. 
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 My analysis suggests that the Johnson Street Bridge, provided in a decentralized way by 

the City of Victoria, will not be provided efficiently. Similarly, if the McKenzie Interchange 

were provided in a decentralized way, it too would not be provided efficiently. However, the 

McKenzie Interchange is being provided by central governments. This more closely resembles 

centralized planning and the social optimum where a planner can take into account all residents. 

Only then can capacity be set optimally. Greater Victoria is a multi-jurisdictional city with 

significant inter-jurisdictional spillovers and centralized planning is a better starting point for 

providing public goods such as roads. 
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APPENDIX   
Planner’s Problem with two-way commuting: 

(A1)  C 𝜇 = 𝑁 − 𝑛! − 𝑛! 𝜇 − 𝑉 𝑞! − 𝐴 𝑆  

+𝑛! 𝜇 − 𝑉
1
𝑛!

− 𝐴 1−
2
7 𝑇 𝑛! + 𝑛!, 𝑘! 𝑆  

+𝑛! 𝜇 − 𝑉
1
𝑛!

− 𝐴 1−
2
7 𝑇 𝑛! + 𝑛!, 𝑘! + 𝑇 𝑛! , 𝑘! 𝑆  

+𝑟 2+ 𝑁 − 𝑛! − 𝑛! 𝑞!  

+
5
7 𝑁 − 𝑛! − 𝑛! 𝑇 𝑁 − 𝑛! − 𝑛!, 𝑘! + 𝑁 − 𝑛! 𝑇 𝑁 − 𝑛! , 𝑘!  

+ 𝐵 𝑘! + 𝐵(𝑘!). 

 
Differentiation of (A1) with respect to 𝑘! 

(A2)	  !"
!!!

= +𝑛! 𝐴! 1 − !
!
𝑇 𝑛! + 𝑛! , 𝑘! 𝑆 ∗ !

!
!! !!!!!,!!

!!!
S  

+𝑛! 𝐴! 1 −
2
7

𝑇 𝑛! + 𝑛! , 𝑘! + 𝑇 𝑛! , 𝑘! 𝑆 ∗
2
7
𝜕𝑇 𝑛! + 𝑛! , 𝑘!

𝜕𝑘!
𝑆

+  
5
7

𝑁 − 𝑛! − 𝑛!
𝜕𝑇 𝑁 − 𝑛! − 𝑛! , 𝑘!

𝜕𝑘!
+ 𝐵! 𝑘! = 0 

Differentiation of (A1) with respect to 𝑘! 

(A3)  !"
!!!

=  +𝑛! 𝐴! 1 − !
!

𝑇 𝑛! + 𝑛! , 𝑘! + 𝑇 𝑛! , 𝑘! 𝑆 ∗ !
!

!! !!,!!
!!!

S  

+
5
7

𝑁 − 𝑛!
𝜕𝑇 𝑁 − 𝑛! , 𝑘!

𝜕𝑘!
+ 𝐵! 𝑘! = 0 
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Differentiation of (A1) with respect to 𝑞! 

(A4)   𝑉! 𝑞! = 𝑟 

Differentiation of (A1) with respect to 𝑛! 

(A5)  !"
!!!

= 𝑉 𝑞! + 𝐴 𝑆 − 𝑉 !
!!

+ !
!!
𝑉! !

!!
  

+𝑛! 𝐴! 1 −
2
7
𝑇 𝑛! + 𝑛! , 𝑘!  𝑆 ∗

2
7
𝜕𝑇 𝑛! + 𝑛! , 𝑘!
∂ 𝑛! + 𝑛!

S  

−𝐴 1 −
2
7

𝑇 𝑛! + 𝑛! , 𝑘! + 𝑇 𝑛! , 𝑘! 𝑆  

+𝑛! 𝐴! 1 −
2
7

𝑇 𝑛! + 𝑛! , 𝑘! + 𝑇 𝑛! , 𝑘! 𝑆 ∗
2
7

∂𝑇 𝑛! + 𝑛! , 𝑘!
∂ 𝑛! + 𝑛!

+
𝜕𝑇 𝑛! , 𝑘!

𝜕𝑛!
𝑆   

−𝑟𝑞! −
5
7

𝑇 𝑁 − 𝑛! − 𝑛! , 𝑘! + 𝑁 − 𝑛! − 𝑛!
𝜕𝑇 𝑁 − 𝑛! − 𝑛! , 𝑘!

𝜕 𝑛!

+ 𝑇 𝑁 − 𝑛! , 𝑘! +  𝑁 − 𝑛!
𝜕𝑇 𝑁 − 𝑛! , 𝑘!
𝜕 𝑁 − 𝑛!

= 0 

Differentiation of (A1) with respect to 𝑛! 

(A6)  !"
!!!

= 𝑉 𝑞! + 𝐴 𝑆 − 𝑉 !
!!

+ !
!!
𝑉! !

!!
− 𝐴 1 − !

!
𝑇 𝑛! + 𝑛! , 𝑘! 𝑆  

+𝑛! 𝐴! 1 −
2
7

𝑇 𝑛! + 𝑛! , 𝑘! 𝑆 ∗
2
7
∂𝑇 𝑛! + 𝑛! , 𝑘!
∂ 𝑛! + 𝑛!

S  

+𝑛! 𝐴! 1 −
2
7

𝑇 𝑛! + 𝑛! , 𝑘! + 𝑇 𝑛! , 𝑘! 𝑆 ∗
2
7
∂𝑇 𝑛! + 𝑛! , 𝑘!
∂ 𝑛! + 𝑛!

S  

−𝑟𝑞! −
5
7

𝑇 𝑁 − 𝑛! − 𝑛! , 𝑘! + 𝑁 − 𝑛! − 𝑛!
𝜕𝑇 𝑁 − 𝑛! − 𝑛! , 𝑘!

𝜕 𝑛!
= 0  
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Combining (A5) and (A6) the population optimality condition: 

 

(A7)  𝑉 !
!!

− !
!!
𝑉! !

!!
+ 𝐴 1 − !

!
𝑇 𝑛! + 𝑛! , 𝑘! + 𝑇 𝑛! , 𝑘! 𝑆  

−𝑛! 𝐴! 1 −
2
7

𝑇 𝑛! + 𝑛! , 𝑘! + 𝑇 𝑛! , 𝑘! 𝑆 ∗
2
7

𝜕𝑇 𝑛! , 𝑘!
𝜕𝑛!

𝑆

+
5
7

𝑇 𝑁 − 𝑛! , 𝑘! +  𝑁 − 𝑛!
𝜕𝑇 𝑁 − 𝑛! , 𝑘!
𝜕 𝑁 − 𝑛!

 

= 𝑉
1
𝑛!

−
1
𝑛!

𝑉!
1
𝑛!

 

+𝐴 1 −
2
7

𝑇 𝑛! + 𝑛! , 𝑘! 𝑆  

 
 
 
The Decentralized Equilibrium with two-way travel 
Residents: 

max
!!,!!

 𝑒! + 𝑉 𝑞! + 𝐴 1 −
2
7

𝑇 𝑛𝑐 + 𝑛𝑚, 𝑘𝑠 𝑆  

 𝑠. 𝑡. A8  𝑒! = 𝑦 − 𝑟!𝑞! − !
!

! !!
!!!!

− !
!

! !!
!!!!!

 − !
!

T 𝑁 − 𝑛! , 𝑘!  

max
!!,!!

 𝑒! + 𝑉 𝑞! + 𝐴 𝑆  𝑠. 𝑡. A9  𝑒! = 𝑦 − 𝑟𝑞! −
5
7
𝐵 𝑘!
𝑁 − 𝑛!

−
5
7

𝐵 𝑘!
𝑁 − 𝑛! − 𝑛!

 

          − !
!

𝑇 𝑁 − 𝑛! , 𝑘! + 𝑇 𝑁 − 𝑛! − 𝑛!, 𝑘!  

max
!!,!!

 𝑒! + 𝑉 𝑞! + 𝐴 1−
2
7 𝑇 𝑛! + 𝑛!, 𝑘! + 𝑇 𝑛! , 𝑘! 𝑆   

 𝑠. 𝑡. A10  𝑒! = 𝑦 − 𝑟!𝑞! −
2
7

𝐵 𝑘!
𝑛! + 𝑛!

−
2
7
𝐵 𝑘!
𝑛!
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From (A8), (A9), and (A10) 

(A11)  𝑉! 𝑞! = 𝑟  

(A12)  𝑉! 𝑞! = 𝑟! , 𝑖 = 𝑚, 𝑐. 

Governments: 

max
!!,!!

 𝑛! 𝑒! + 𝑉 𝑞! + 𝐴 1 − 2
7

𝑇 𝑛𝑐 + 𝑛𝑚, 𝑘𝑠 𝑆   𝑠. 𝑡. 𝐴8  yields, 

(A13)  !
!

!! !!
!!!!

+ !
!

!" !!!!,!!
!!!

= 0.     

max
!!,!!

 𝑛! 𝑒! + 𝑉 𝑞! + 𝐴 𝑆   𝑠. 𝑡. 𝐴9   yields, 

(A14)  !
!

!!(!!)
!!!!!!!

+ !
!

!" !!!!!!!,!!
!!!

= 0 
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FIGURES 
 
 
Figure 1: City Configuration (Brueckner’s original city configuration) 
 

 
 
Figure 2: City Configuration With Reverse Bridge Control 
 

 
 
Figure 3: City Configuration With Both Bridges Controlled by Suburban Zone 
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Figure 4: City Configuration With Extension 

 
 
Figure 5: Destination Flows (2006) Weekday Trips 
 

 
Source: Brad Hackinen 
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Figure 6: Destination Flows (2006) Saturday Recreation Trips 
 
 

 
 
Source: Brad Hackinen 
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TABLES 
 

	
Figure	1:	Johnson	Street	Bridge	Financing	 	 	
1.	Government	of	Canada	 	 	
1.1	Building	Canada	Fund	 $21.0m	 	
1.2	Gas	Tax	Fund	 $16.5m	 	

2.	City	of	Victoria	 	 	
2.1	Infrastructure	lending	program	 $10.2m	 	
2.2	Capital	Budget	and	Borrowing	 $49.1m	 	

3.	Overall	Budget	 $96.8m	 	
Source:	City	of	Victoria,	FAQ	
	
	
	
Figure	2:	McKenzie	Interchange	Financing	 	
1.	Government	of	Canada	 $32.6475m	
2.	Provincial	Government	 $52.3525m	
3.	Overall	Budget	 $85.0m	
Source:	Government	of	Canada	
	
	
	

 


