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Abstract  
 

In this paper, we consider a region that invests in infrastructure used by both 
local demand and through traffic. We then compare transport systems that have, for a 
given capacity, the same total infrastructure cost but vary in the proportion of fixed 
costs and variable capacity costs. We show that, compared to a benchmark 
infrastructure which has zero fixed costs, an infrastructure which has (ceteris paribus) 
a higher share of fixed costs leads to higher welfare for the regional government 
building it. Moreover, we find that, even for capacity characterized by very high 
shares of fixed costs, financing of infrastructure is generally not an important issue as 
long as regions are allowed to toll through traffic. Finally, we show that, compared to 
the benchmark technology without fixed costs, regions are more likely to make a 
particular transport investment if they can chose a technology with higher fixed costs. 
As a corollary, projects with a higher share of fixed costs do not necessarily require 
higher federal subsidies.  
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0. Introduction  

 

Both in academic and policy circles it is often argued that there are two 

reasons why the provision and funding of transport capacity in a country or region 

may be quite problematic. Firstly, if a region faces a lot of through traffic, it will have 

limited incentives to invest, unless it can charge high tolls on the transit traffic (see, 

e.g., De Borger, Dunkerley, Proost (2007)). The reason is that, when making 

decisions, the regional government typically cares about the welfare of the local users 

of the infrastructure, the costs of capacity investments and possible revenues from 

user charges; however, it is unlikely to take into account either the benefits of the 

infrastructure for foreign users or their time losses due to possible congestion. Since 

any benefits from investment partially flow abroad, in the form of time gains for 

through traffic, this results in inefficiently low investment.  

Secondly, funding of infrastructure capacity may be difficult when there are 

high fixed costs of capacity expansion. This argument goes back to the literature on 

cost recovery of transport investments (see, e.g., Mohring and Harwitz (1962) and 

Arnott and Kraus (1998)). This literature considers a decision maker interested in 

optimal investment in transport capacity and optimal user charges for use of the 

infrastructure. It shows that, if use of the infrastructure is priced at marginal social 

cost, the degree of cost recovery of an optimal transport investment strongly depends 

on the cost structure of capacity expansion. For example, assuming perfectly divisible 

capacity and a user cost function that is homogeneous of degree zero in volume and 

capacity (i.e., cost depends on the volume-capacity ratio only), optimal pricing 

implies exact cost recovery if there are constant returns to scale in capacity provision. 

More generally, the cost recovery ratio equals the elasticity of the capacity cost 

function with respect to capacity so that, for infrastructure with increasing returns to 

scale involving high fixed costs, deficits result1. The policy implication of this 

literature is that the funding of capacity investments may be problematic for 

                                                 
1 As shown in Morrison (1983), Zhang and Zhang (2003), and de Palma and Lindsey (2007), these 
results have to be amended when the underlying assumptions do not hold. The overall message remains 
broadly the same, however. 
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infrastructures with high fixed costs; subsidies may be needed to implement marginal 

cost pricing2.  

The above arguments have strongly influenced actual policy making. The 

reduction in investment incentives by local governments when through traffic is 

important has been one of the principal motivations in the EU and the US to subsidize 

interstate or cross-border transport investments. Moreover, the difficulty of cost 

recovery and the associated funding problems in the case of high fixed cost 

infrastructures largely explain recent policies in the EU, where member countries can 

apply for federal grants for their cross-border infrastructure projects within the 

framework of the Trans European Networks (TEN-Ts). So far, the focus of these 

subsidies has been much more on rail and inland waterway investments 

(infrastructures with high fixed costs) than on road.  

The purpose of this paper is to reconsider the role of the cost structure of 

capacity investments and of the presence of through traffic for investment incentives, 

for welfare and for cost recovery. This seems desirable for several reasons. Firstly, the 

literature stressing the role of high fixed capacity costs has almost exclusively focused 

on issues of cost recovery, and much less on the welfare effects of different cost 

structures. A relevant unanswered question is whether some cost structures are better 

for regional welfare than others. For example, do infrastructures with high fixed 

capacity costs (e.g. rail) generate more or less welfare for a region -- and are they 

therefore more or less likely to be built -- compared to an infrastructure with close to 

constant returns to scale in capacity expansion (e.g., roads)? Secondly, the available 

cost recovery theorems have been derived in a setting where a policy maker for a 

single region decides on capacity and pricing of an infrastructure that is only used by 

local transport; optimal pricing then implies charging users at marginal social cost. 

When countries face transit traffic, however, the literature shows that they will, in the 

absence of regulation, charge prices above the marginal social cost. This ‘tax-

exporting’ behavior allows them to generate more revenues on through traffic (see 

Arnott and Grieson (1981) and, in a transport setting, Levinson (2001) and De Borger, 

et al. (2007)). It is intuitively clear that the relation between the cost structure of 

                                                 
2 Whether or not scale economies in capacity provision strongly reduce investment incentives in 
practice depends on the cost for the government to generate public funds. As long as a government can 
rely on public revenue that is not too costly, high fixed costs in capacity provision may not prevent 
implementation of the ideal investment and pricing combination, whatever the structure of the cost 
function. 
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capacity investment and revenues through user charges may then become much more 

subtle than in the case without through traffic. It will not only depend on the capacity 

cost structure but also on countries’ autonomy in deciding on tolls for infrastructure 

use.  

In this paper, we therefore study the relation between the cost structure of 

capacity expansion (i.e., the relative importance of fixed versus variable costs), 

welfare and cost recovery in a setting where an infrastructure is used both by local 

and foreign users. A prototype example of such a setting is a country within the EU, 

or a state in the US. To isolate the role of the capacity cost structure, we then 

specifically compare transport systems that have, for a given capacity, the same total 

infrastructure cost but vary in the proportion of fixed costs and variable capacity 

costs. Throughout this paper, we use a constant returns to scale infrastructure with 

zero fixed costs as the benchmark. One reason for doing this is that this is the 

benchmark case considered by the literature on cost recovery discussed above. For 

this technology, we know that exact cost recovery is possible under marginal cost 

pricing of the use of the infrastructure, and no subsidies are needed. The standard 

argument is that subsidies are needed for technologies with high fixed costs. The 

question we ask in this paper is whether this argument is correct if one takes account 

of the welfare effects of different technologies and the presence of through traffic.   

Another reason for using constant returns as the benchmark is that in many cases of 

practical importance road construction -- the technology that comes closest to 

constant returns (see Small and Verhoef (2007, p. 112)) -- is still the dominant 

transport technology, and this technology is a feasible option in many instances of 

practical importance.  

We obtain several interesting results. Firstly, we show that, compared to the 

benchmark infrastructure which has zero fixed costs, an infrastructure which has 

(ceteris paribus) a higher share of fixed costs leads to higher welfare for the regional 

government building it. In each case, the government selects capacity levels which 

maximize regional welfare. The result is shown to hold both in the case with and 

without through traffic. Therefore, regions are more likely to make a particular 

transport investment if they can choose a technology with higher fixed costs. As a 

corollary, contrary to what is commonly believed, infrastructure projects with a higher 

share of fixed costs do not necessarily require higher federal subsidies. Secondly, in 

the case with both local and transit demand we find that, even for capacity 
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characterized by high fixed costs, cost recovery is generally not an important issue as 

long as regions are allowed to toll the use of the infrastructure. When the 

infrastructure can be priced by the regional governments, it is therefore no longer 

clear whether a high fixed cost of capacity expansion is a hurdle for the funding of 

investments. If the regional government is restricted (e.g., by regulation imposed by a 

higher-level federal government such as the EU) in its pricing policies, this reduces 

regions’ investment incentives and subsidies may be justified. In general, whether 

funding problems arise depends, among other things, on who is responsible for toll 

and capacity decisions, on the importance of through traffic, and on the structure of 

the capacity cost function.  

These results have clear policy implications. For example, they suggest that 

the EU’s emphasis on subsidies for cross-border infrastructures with high fixed costs 

may be misguided. Moreover, they suggest that the EU should not subsidize the 

provision of infrastructure at all in countries facing substantial through traffic and 

where tolling can be decided by the member states. Finally, if member states cannot 

toll through traffic, or if the EU can impose socially optimal pricing on the transport 

corridor, then subsidies may well be justified to stimulate investment incentives.  

 The paper is structured as follows. Section 1 discusses the model set-up. 

Section 2 then studies in detail the case of one isolated region with and without 

through traffic; moreover, several extensions are discussed. Section 3 illustrates the 

importance of the cost structure with a numerical example. A final section concludes.  
 

1. Model formulation  
 
 In this section, we formulate the model to analyze the role of the cost structure 

(presence of high fixed costs of capacity expansion) for investment decisions, for cost 

recovery and for welfare. It is assumed that the infrastructure is built and operated by 

a region that faces both local and through traffic. We use a model set-up close to De 

Borger et al. (2007); however, as they use a proportional capacity cost structure, they 

neglect issues related to the structure of the cost function.  

 

1.1. Demand, prices, and user cost specification 
 
 Demand for local transport in a given region is represented by the strictly 

downward sloping and twice differentiable inverse demand function , where  ( )YP Y
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Y is the demand for transport in the region by local inhabitants. Overall demand for 

through traffic through the region is described analogously by the strictly downward 

sloping inverse demand function , where X is the through traffic flow. Note 

that prices are generalised prices; they include resource costs, time costs, and possible 

user charges. We focus throughout on the case where user charges are the same for 

local and through traffic

( )XP X

3.  The uniform toll is denoted by θ .  

  The generalised user costs for local transport and for through traffic, denoted 

as  and  respectively, equal the sum of the time and resource costs of travel, plus 

the toll. Since local and through traffic both use the same infrastructure, we have:  

Yg Xg

    ( )Yg K q θ= +

)q

.       

    (Xg K θ= +        

In these expressions, is the time plus resource cost, assumed to depend on the 

volume-capacity ratio 

(.)K

Vq
Z

= . HereV X Y= + is the total transport volume, and Z  

denotes capacity. The user cost function is twice differentiable and strictly increasing 

in the total traffic volume relative to capacity. Note that the user cost formulation 

given here implicitly assumes that local and through traffic have the same time and 

resource costs. This simplifies the analysis, but it may not be entirely realistic. For 

example, in the case of freight, through traffic might have more valuable loads or 

tighter schedules. Similarly, in the case of passenger traffic user costs may differ 

between local traffic, mostly consisting of commuters, and through traffic.                   

 In the absence of corner solutions, transport equilibrium for through traffic and 

local traffic implies equality between generalized prices and costs: 

   ( ) )P X q(X Xg K= =

Y Yg K q

θ+

( ) ( )P Y

                                (1)

   θ+      (2) = =

Differentiation of this system of equilibrium conditions and solving by Cramer’s rule 

implies the following partial effects of toll and capacity changes on demands: 

                                                 
3 We briefly report on the results for other pricing structures (e.g., toll differentiation between local and 
through traffic) at the end of Section 2.3. There we also discuss a more general setting of a transport 
corridor with several regions that engage in tax competition. This does not change the main insights 
from the analysis.  
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1 10; 0
Y XX P Y P

Y Xθ θ
∂ ∂ ∂ ∂

= < =
∂ Δ ∂ ∂ Δ ∂

<    (3) 

   2 2

1 ' 1 '0; 0
Y XX P K V Y P K V

Z Y Z Z X Z
∂ ∂ ∂ ∂

= − > = − >
∂ Δ ∂ ∂ Δ ∂

 (4) 

where ( )' K qK
q

∂
=

∂
>0, and ' (

X Y X YP P K P P
X Y Z X Y

∂ ∂ ∂ ∂
Δ = − + >

∂ ∂ ∂ ∂
) 0 . As expected, a 

higher toll in the region implies lower demand for both local and through traffic 

transport. A capacity increase raises both demands.     

    

 

1.2. Capacity costs and the isocost- isocapacity locus   
 
 To model different cost structures for capacity expansion, we have chosen for 

the simplest possible approach. Different degrees of returns to scale are captured by a 

linear capacity cost function. Let C(Z) represent total capacity cost, then the cost 

function is given by: 

    C(Z)= F + k Z       (5)  

In this expression, F is a fixed cost and k is a constant marginal cost of capacity 

expansion. The degree of returns to scale can then be varied by changing, for a given 

Z, the share of the fixed and variable costs, i.e., by manipulating the parameters k and 

F. To see this, note that the degree of returns to scale can be measured by the inverse 

of the cost elasticity with respect to capacity: 

1 F kZRTS
kZη
+

= =       (6) 

where η is the cost elasticity: C Z
Z C

η ∂
=
∂

. This specification therefore implies constant 

returns if the fixed capacity cost is zero; increasing the relative importance of the 

fixed cost yields a higher degree of increasing returns.   

To study the implications of differences in the cost structure of capacity 

provision between, say, road and rail, it will be instructive to introduce the concept of 

an isocost-isocapacity locus {C°,Z°}≡{F≥0,k≥0 : F+kZ°=C°}. It is defined as the set 

of linear capacity cost functions that have the same total capacity cost C° for a given 

level of capacity Z°. The concept is illustrated in Figure 1. For a reference level of 

capacity Z° and a total cost level C°, we can define all combinations of marginal 

capacity costs k and fixed costs F that generate the same total cost C°. All such 
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combinations are given by a linear relation. Intersection of the isocost-isocapacity 

locus with the vertical axis reflects an infrastructure with zero fixed capacity costs but 

high marginal capacity expansion cost , so that . The intersection with 

the horizontal axis reflects the extreme case of an infrastructure which can be 

expanded at zero marginal cost

1k 0
1( )C Z k Z=

C Z

0

4; there is just a fixed cost 0
1( ) F= . Varying the 

fixed and variable cost parameters allows us to describe, along this locus, a wide 

range of capacity cost structures in terms of the relative importance of fixed and 

variable costs in total costs. For example, for given Z°, rail infrastructure will 

typically be situated much further to the right than road infrastructure, which has a 

lower fixed cost component.  

 

   Insert Figure 1 here 

 

As every point on an isocost-isocapacity locus represents a different cost 

structure ( ), we can use it to describe different transport infrastructure 

technologies. To avoid confusion, however, it is useful to point out the relation 

between the isocost-isocapacity locus and the cost-capacity curves that are typically 

used to compare the cost structure of different transport systems. To understand this 

relation, remember that the isocost-isocapacity locus on Figure 1 is drawn for a 

capacity level 

,k F

0Z and associated cost . Now consider Figure 2, where we represent 

three different cost-capacity curves, each reflecting a different transport system 

technology. The technologies represented by the cost-capacity relations  and 

 have, for the capacity Z°, the same cost  as  and  of Figure 1, 

respectively. The former is a technology without fixed costs, the latter has positive 

fixed cost and lower variable cost. Note, then, that the two points  and  on the 

isocost-isocapacity locus of Figure 1 correspond to one single point, denoted 

0C

1 1,a a

2A

2 2,a a 0C 1A 2A

1A

A , in 

the cost-capacity space of Figure 2. At point A , the constant returns technology 

and the technology with positive fixed cost indeed both imply that 

capacity 

1 1,a a 2 ,a 2a

0Z can be provided at the cost .   0C

                                                 
4 In the latter extreme case, of course, the notion of capacity and congestion loses its standard meaning, 
since capacity can be expanded without extra cost.    
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The isocost-isocapacity concept is very useful for our purposes: it isolates the 

role of the composition of capacity costs, allowing a fair comparison of different cost 

structures. Of course, it does assume that a given cost and capacity can be reached 

using different transport technologies that only vary in the composition of fixed and 

variable costs: graphically, different points on the locus must in fact exist. Moreover, 

it also implies that our comparison is limited to points along the isocost-isocapacity 

locus. Consider, for example, technology on Figure 2. This reflects a technology 

on a different isocost-isocapacity locus than the one drawn on Figure 1. Indeed, this 

technology does not allow providing 

,d d

0Z  at cost . Hence, it differs from the 

technologies  and in other respects than the structure of capacity costs, 

making direct comparison impossible.     

0C

1 1,a a 2 2,a a

 

Insert Figure 2 here 

 
 
1.3. The objective function of the government  
 
 We assume that the objective function of the regional government captures the 

benefits for local users (net of user costs), toll revenues and capacity costs:  

                  (7) 
0

( ) ( )
Y

Y Y
regW P y dy g Y Y X F kθ= − + + −∫ Z−

Z−

Note that we assume the regional government ignores the user benefits of foreign 

users; only the revenues they yield are taken into account (and their contribution to 

congestion, via the generalized prices). Of course, a higher-level government (say, the 

EU or the federal level in the USA) that would capture also the benefits for through 

traffic in the region would judge policies differently. Such a “federal” objective 

function can be formulated as follows: 

           (8) 

     
0 0

( ) ( )
Y X

Y Y X X
fedW P y dy g Y Y P x dx g X X F kθ θ= − + + − + −∫ ∫

 

2. The structure of capacity costs, welfare and cost recovery: theoretical 
analysis  

 
In this section, we assume the region is responsible for pricing and capacity 

decisions. We then study what the implications are of differences in the share of fixed 
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capacity costs for capacity provision, for welfare of the region, and for the cost 

recovery ratio.  

We start with a benchmark situation that has constant returns to scale (CRS) in 

capacity expansion: given the linear capacity cost structure, this is the case of zero 

fixed costs. As argued in the introduction, there are two reasons to take this case as 

benchmark. First, in the case of CRS, the literature has shown that full cost recovery is 

possible with marginal social cost pricing, so that no subsidies are needed. The 

question then is how it performs in terms of relative regional welfare compared to 

other technologies. A second reason is that roads are still the dominant transport 

technology, and road supply has close to constant returns to scale in capacity 

expansion (Small and Verhoef (2007, p. 112)). We further assume that in the 

benchmark situation it is optimal for the regional government to provide positive 

transport capacity. We then consider the isocost-isocapacity line associated with this 

optimal capacity level and the associated optimal cost, and we analyze what happens 

when we raise the relative importance of fixed costs along the isocost-isocapacity 

locus.  

To make the intuition as transparent as possible, we proceed in several steps. 

We first consider the effect of altering the cost structure in the case of an isolated 

region without foreign traffic; a next step introduces through traffic. Finally, we 

briefly discuss extensions of the analysis to other settings.   

 

2.1. The case of a single region with only local demand 

 Suppose an isolated region only has local transport. It decides on investment 

and transport tax levels by maximizing regional welfare. Now start from the 

benchmark case of a technology with zero fixed infrastructure costs, and then select a 

technology with lower variable costs (and hence raise the fixed cost above zero) along 

the isocost-isocapacity line. Let us denote the optimal capacity and associated cost for 

the benchmark technology with zero fixed cost by 0Z and , respectively, and let us 

assume that Figure 1 depicts the isocost-isocapacity locus associated with these 

capacity and cost levels. The benchmark technology ( ) is then given by point  

on Figure 1. We then compare regional welfare for the benchmark technology with 

that of an alternative technology, such as the one given by  on Figure 1; this has 

positive fixed cost but lower variable cost than the benchmark. Note that the isocost-

0C

0,k 1A

2A
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isocapacity locus is used only to describe technologies with different capacity cost 

structures, not to describe actual choices. Indeed, both for the benchmark technology 

 and the alternative technology , capacity Z is chosen to maximise welfare for 

the given cost structure. It follows that the optimal capacity for technology  will 

generally differ from 

1A 2A

2A

0Z , see below. 

 We formally show in Appendix 1 that moving from the benchmark technology 

to the technology with a higher share of fixed costs implies that welfare cannot 

decrease, and will in fact rise. The intuition behind this result is simple. Indeed, note 

that the same level of capacity as the one selected in the benchmark solution without 

fixed costs is still feasible with the new technology. If the same capacity level were 

chosen, the cost structure would be different but the total cost and regional welfare 

would be identical to the benchmark. However, the change in the cost structure 

implies that the marginal cost of a unit of additional capacity has decreased. So it 

becomes interesting to add more capacity and realize reductions in travel user costs. 

As a consequence, regional welfare increases. 

It may be instructive to illustrate this result graphically. This is especially easy 

for the simplified case without tolls, see Figure 3. Note that the regional welfare 

function (7) allows us to define iso-welfare curves in (C,Z)-space; they describe 

combinations of capacity and total capacity cost that yield the same regional welfare. 

Given (7), one easily shows that these curves are positively sloped and, assuming 

declining marginal benefits of extra capacity, concave. Moreover, regional welfare 

rises for indifference curves closer to the horizontal axis. Consider then the 

benchmark technology with zero fixed costs, depicted as  on Figure 3. It follows 

that, given this technology, the best the region can achieve is to select capacity 

1 1,a a

0Z , 

see point A. This implies a capacity cost ; regional welfare equals U . Now 

introduce an alternative transport technology with positive fixed cost that allows to 

produce the same capacity at the same cost. It is described by  on Figure 3. It 

immediately follows that this technology allows the region to attain a higher regional 

welfare level , see point B. Note that the region selects, given the lower variable 

0C 1

2 2,a a

2U
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cost, a higher capacity level 1Z and hence incurs a higher total capacity cost than in 

the benchmark

1C
5.  

In case the region imposes tolls on infrastructure users, the same line of 

reasoning applies, but the definition of the iso-welfare curves in (C,Z) space has to be 

properly re-interpreted. Specifically, in that case the regional welfare levels reflect 

optimal welfare at the optimal uniform toll for the given technology; i.e., they are the 

levels reached by maximizing the welfare function (7) with respect to the uniform toll 

θ.  

 

 

Insert Figure 3 here 

 

Compared to the benchmark case with zero fixed costs, technologies which 

have, for the same total cost, a higher fixed cost component, are therefore more 

beneficial to a welfare maximizing region. However, although welfare rises, optimal 

pricing of the use of the infrastructure does imply that a higher fixed cost is likely to 

decrease the cost recovery ratio. To see this, first note that the cost recovery ratio in 

the given region is defined as toll revenues relative to capacity costs: 

    Y
F kZ
θρ

0

Y

W P∫

=
+

Z−

      (9)  

Now consider optimal pricing and investment behavior by the regional government. 

In the case of zero through traffic the welfare function (7) reads: 

( )Y Y
reg y dy g Y Y F kθ= − + −  

Maximizing with respect to θ  and Z  yields, using the equality between generalized 

price and generalized cost in equilibrium, the following toll and capacity rules, 

respectively: 

    ' YK
Z

  =θ

    
2

2' YK k
Z

=  

                                                 
5  This illustrates the point made above, viz., that we use the isocost-isocapacity locus only to isolate 
the role of the capacity cost structure. Point B uses the same technology  as  on Figure 1, but 
it is obviously not situated on the isocost-isocapacity locus of Figure 1.  

2 2,a a 2A
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The optimal toll rule just says that the toll equals the marginal external congestion 

cost; optimal capacity is obtained when the marginal cost and benefit of extra capacity 

are equal. Substituting these results in (9) immediately yields: 

 kZ
F kZ

ρ =
+

              (10)  

The cost recovery ratio is just the share of variable costs in total capacity 

costs, a simple application of the general rules derived by Mohring and Harwitz 

(1962). Therefore, positive fixed costs automatically imply lower cost-recovery ratios. 

In fact, the ratio equals the elasticity of capacity cost with respect to capacity (see 

(6)). Although changes in the cost structure obviously affect optimal capacity Z this 

suggests that in general, the higher the importance of fixed costs, the lower the cost 

recovery ratio, given optimal pricing6. This is the basis for financing concerns in 

policy circles with respect to infrastructure investment involving high fixed costs.   

We summarize our findings as Proposition 1 below.  

 
PROPOSITION 1: Assume linear capacity cost functions. Consider a regional 
government that maximizes regional welfare and faces only local transport 
demand. Starting with a benchmark technology without fixed costs, all other 
linear transport technologies (with higher fixed costs) along the same isocost-
isocapacity locus  (i) increase regional welfare, but (ii) reduce the cost-recovery 
ratio.  
 

 This proposition compares different transport technologies with a linear cost 

structure to a benchmark technology that has only variable infrastructure costs. All 

such technologies can produce the same capacity as the benchmark technology at the 

same total cost. Each of these technologies will decrease the cost recovery ratio (as is 

well known in the literature) but it will also increase regional welfare. The latter 

aspect has been somewhat overlooked in the literature.  

It is important not to misinterpret the above proposition. We are not arguing 

that whenever a choice has to be made between two arbitrary transport systems with 

different cost characteristics, choosing the transport system with higher fixed costs is 

always beneficial. This is obviously not necessarily the case, see Figure 3. The 

proposition does argue that, if a benchmark technology with zero fixed costs is 

                                                 
6 Taking into account the impact of the cost structure on capacity, one easily shows that the effect of 
higher fixed costs along an isocost-isocapacity line on the cost recovery ratio is negative if the 
elasticity of demand with respect to capacity is smaller than one. We show that this is the case, see 
expression (15) below. 
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compared with a technology along the associated isocost-isocapacity locus, the latter 

implies higher welfare. The combination of lower cost-recovery but higher welfare 

has important implications for the desirability of federal subsidies, as we show in 

section 2.4 below.  

 

2.2. The case of a single region with local and through traffic 

 In many federal states, a local infrastructure is also used by non-residents. 

However, following the same argument as before, one again easily shows that, along 

the benchmark isocost-isocapacity locus, a transport technology with a higher share of 

fixed costs can, compared to the benchmark technology with no fixed costs, only 

improve welfare. Indeed, as long as the regional government has full control of the 

pricing and investment decisions, it can always stick to the policy that was optimal in 

the case with lower fixed costs; hence, it produces at least the same regional welfare 

as before. But since the decrease in marginal capacity cost makes extra capacity 

beneficial, higher capacity will be chosen and welfare rises. The formal proof is 

provided in Appendix 2. 

 The presence of through traffic does have important implications for cost 

recovery. The regional government now has an interest in tax exporting by raising the 

user charge above the marginal cost (see, e.g., Levinson (2001), De Borger et al. 

(2005, 2007)). The cost recovery ratio is now: 

    ( )Y X
F kZ

θρ +
=

+
                (11) 

The optimal toll and capacity rules that follow from maximizing the objective 

function (7) can be written as, after simple algebra (also see De Borger et al. (2007)):  

   ' Y XK VZ
θ

θ

= −
∂
∂

                           (12)

   2 'Y VK V Z k
Z Z

θ⎧ ⎫∂ ∂⎡ ⎤ V
Z

− + =⎨ ⎬⎢ ⎥∂ ∂⎣ ⎦⎩ ⎭
              (13) 

where, as before, V X is the total transport flow on the regional link. Note that 

the pricing rule (12) indeed implies tax exporting: the toll is higher than the local 

marginal external congestion cost, given by the first term on the right-hand side: 

indeed, the second term on the right-hand side is positive and increasing in the 

importance of through traffic. Optimal capacity sets the net benefit (benefit at 

Y= +

 13



constant transport volume due to time savings minus the cost due to induced transport 

volumes plus extra toll revenues) equal to marginal capacity cost.  

Combining (12) and (13) yields, after simple algebra: 

   2 2' ( )

V
ZK Y X Y XZ kZ
V
θ

∂⎡ ⎤
⎢ ⎥∂⎣ ⎦+ = +
∂⎡ ⎤
⎢ ⎥∂⎣ ⎦

 

Substituting this result into the cost recovery expression (11) leads to:  

   

(1 )ZXVkZ V

F kZ

ε

θρ

−
−

∂
∂=

+
                (14) 

where Zε  is the elasticity of total transport demand (local plus through traffic) with 

respect to capacity increases. So:  

   ,Z
V Z V X Y
Z V

ε ∂
= =
∂

+                (15) 

Using (4), it follows that 1Zε < : a capacity increase raises total transport demand less 

than proportionately. 

Interpretation of (14) is easy. First note that, if there is no through traffic, we 

have the same rule as in the case of local traffic only (see (10)). Second, the presence 

of foreign users implies that cost recovery need not be a problem, even for very high 

fixed costs. The second term in the numerator of (14) suggests that the cost recovery 

ratio is a rising function of the importance of through traffic. For substantial through 

traffic levels, (14) suggests that the cost recovery ratio can easily exceed one. It is also 

not obvious at all now that raising the importance of the fixed cost F will reduce the 

cost recovery ratio, since all terms in the numerator depend on this share as well.  

Note that this result on cost recovery hinges on the assumption of regional 

authority over pricing of the infrastructure. If the region is restricted in its pricing 

policies, this has obvious implications for cost recovery. To see this, note that the 

optimal regional toll rule (12) can be rewritten, using (3) and remembering 

thatV X , as: Y= +

'

X Y

X Y

P P
V X YK X

P PZ
X Y

θ

⎡ ⎤∂ ∂
⎢ ⎥∂ ∂= − ⎢ ⎥
∂ ∂⎢ ⎥+

⎢ ⎥∂ ∂⎣ ⎦
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The first term on the right hand side is the global marginal external congestion cost, 

capturing both the time losses of local and through traffic demand. The second term is 

positive, implying that the toll also exceeds the global marginal external cost. Now 

suppose that a federal authority imposes tolling at the global marginal external cost. 

This prevents the region from charging its preferred (higher) toll. On the one hand, 

investment incentives are reduced because of lower benefits of extra capacity 

investment (see (13)); on the other hand, demand by local users increases due to lower 

tolls, raising investment incentives. The effects on capacity and cost recovery are a 

priori unclear.  

 We summarize the results of this subsection in Proposition 2. 
 
PROPOSITION 2: Assume a linear capacity cost function. Consider a regional 
government that maximizes regional welfare but faces both local and through 
traffic transport demand. Define the isocost-isocapacity locus associated with the 
optimal capacity and capacity cost for a benchmark technology with zero fixed 
cost. Then:  

(i) Any technology with higher fixed capacity costs along this isocost-
isocapacity locus can never decrease regional welfare. 

(ii) Even for high fixed cost infrastructures, funding problems are 
unlikely to arise if through traffic demand is substantial and regions 
can decide autonomously on user fees7.  

(iii) Cost recovery is a problem if regions are restricted to price at 
marginal social cost  

 

2.3. Extensions: alternative pricing regimes and multiple competing regions 

The model used in this section was extremely simple. However, the main 

insights do not change in a qualitative sense when extending the model in various 

directions. Some of these extensions are explicitly treated in the working paper 

version (De Borger et al., 2008); the main results are summarized here.  

When showing that, compared to the benchmark, technologies with higher 

fixed infrastructure costs were welfare-improving along the specific isocost-

isocapacity line defined, we assumed uniform tolls throughout. Interestingly, our 

finding holds quite generally for various alternative pricing instruments as well. 

Suppose, for example, that different pricing instruments are used that allow toll 

differentiation between local and through traffic. Alternatively, assume only local 
                                                 
7 This result on cost recovery may have to be amended in the case of indivisibilities, which our model 
ignores. As is well known, these can upset the standard Mohring-Harwitz (1962) result. In practice, one 
expects cost recovery to be doubtful in the case of high fixed costs and indivisibilities. We owe this 
point to referee.  
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transport can be taxed, e.g., because of the use of fuel taxes in a small region. In both 

cases, welfare increases when there are fixed costs, for the same reasons as in 

Sections 2.1 and 2.2. Moreover, the proposition even holds when no user charges can 

be implemented at all, and notwithstanding the fact that through traffic is decreasing 

the welfare of the local users. The main explanation for the positive welfare effect is, 

again, that the lower marginal capacity cost increases the optimal capacity level; this 

also benefits local users.   

Cost recovery results, of course, do depend on the pricing instruments used. In 

the case of toll differentiation, we again find strong tax exporting behavior by the 

regional government, leading to high cost recovery ratios even in the presence of high 

fixed capacity cost shares. But, if for some reason only local demand can be tolled 

then we find, not surprisingly, that cost recovery is indeed a problem.  

We also extended the model to the setting of a transport corridor that passes 

through several regions, where we allow for tax and capacity competition between the 

regions (as in De Borger et al. (2007)). Again, this does not change the basic insight 

that technologies with a more important fixed cost, along the specific isocost-

isocapacity line defined, raise regional welfare. Tax competition between the regions 

does imply that toll levels are reduced compared to the case analyzed in Section 2.2 

above, due to reactions of the other regions. A toll increase in a given region along a 

transport corridor will lead the other regions to react by somewhat reducing toll 

levels. We briefly return to this case in the numerical analysis below.  

Finally, we could also generalize the linear capacity cost functions to more 

general non-linear forms. The concept of an isocost-isocapacity locus can be 

generalized to any non-linear capacity function, introducing any number of 

parameters for the non-linear cost function. The basic intuition (i.e., starting from a 

benchmark technology with only variable costs, moving to a technology with a higher 

fixed cost share along the isocost-isocapacity locus, is beneficial) continues to hold as 

long as, along the locus, an increase in the fixed cost is compensated by a decrease in 

the marginal capacity cost.  

 
 
2.4. The capacity cost structure and the selection of investment projects by regions  
 

 In this sub-section, we are interested in the implications of our findings for the 

selection of projects by regions, and for the desirability of federal subsidies. When a 
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region faces both local transport demand and demand by through traffic, two types of 

inefficiency will arise. First, the region may forego the investment project because it 

only takes into account the benefits for the local users. Subsidies may therefore be 

needed to induce the region to realize the project. Second, if the region imposes tolls 

on transport users, it will charge tolls above the marginal external cost (De Borger et 

al., (2005, 2007)). The specific question in this sub-section is whether or not regions 

that select a technology with higher fixed costs (e.g., rail rather than road) will also 

need a higher federal subsidy to make the project happen.   

To study this question, we need to introduce some more definitions. Let the 

welfare level of a given region A, that uses a transport technology described by (k,F), 

be denoted as ( , ; , )A A AW Z k Fθ . Here Aθ  is the region’s optimal (uniform) toll  and 

AZ  is its preferred capacity level, given this technology and tolling regime. When no 

toll can be used, we similarly have . Let the welfare of through 

transport be represented by W Z

(0, ; , )A AW Z k F

)k F( ,T A ; ,Aθ , where both toll level and capacity have 

been set by region A. The “federal” welfare level is then equal to 

( , ; ,A A AW Z ) ( , ; ,T A Ak F W Z )k Fθ θ+ . 

Define the benchmark technology as (k*,0), i.e., it is CRS with zero fixed 

costs. Then consider all other transport technologies (k,F) that belong to the same 

isocost-isocapacity locus, defined by {C°=k* AZ , AZ } , where the capacity level is the 

optimal one selected by region A, given the benchmark technology. We further denote 

by 'AZ  the capacity level preferred by region A if it selects transport technology (k,F) 

 Given this setup, it is instructive to first discuss the case where the region does 

not impose tolls on traffic. Let us compare welfare for the CRS technology (k*,0) with 

an arbitrary technology with positive fixed cost (k,F) belonging to the same isocost-

isocapacity locus. We then have the following two inequalities: 

 

    (0, ; *,0) (0, ' ; , )A A A AW Z k W Z k F≤  

       (0, ; *,0) (0, ; *,0) (0, ' ; , ) (0, ' ; , )A A T A A A T AW Z k W Z k W Z k F W Z k F+ ≤ +

 

The first inequality directly follows from Proposition 2. It says that welfare for the 

region cannot decline when moving from the benchmark towards a technology with 

higher fixed costs along an isocost-isocapacity locus. The second inequality tells us 
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that federal welfare will be higher as well. This holds because through traffic is also 

better off when region A selects the technology with higher fixed and lower variable 

cost shares. At lower variable capacity costs the region selects higher capacity, and 

traffic is un-tolled. This improves welfare for through traffic. 

 The two inequalities imply, therefore, that both regional and federal welfare 

increase when technologies with higher fixed costs can be selected on the same 

isocost-isocapacity locus as the benchmark technology. What does this imply for the 

necessity of providing federal subsidies to the region to make the investment project 

happen? To see this most clearly, consider a case where the region will not make the 

investment without federal support, i.e., <0. Note that, when no 

tolling is possible, this may be quite realistic in many cases, because through traffic 

reduces the transport benefits for the local users while all investment costs are paid by 

the region. In that case federal subsidies are needed to make the project beneficial for 

the region. The first inequality above then immediately shows that the (lump sum) 

subsidy to convince the region to undertake the project (i.e., to make regional welfare 

positive) is actually smaller when it can select a technology with high fixed costs.   

(0, ; *, )A AW Z k F

 Next, turn to the case where region A can toll all users using a uniform toll. 

Remember that Aθ was the optimal toll in the benchmark case. We denote by 'Aθ  the 

toll that is optimal for region A given the alternative transport technology (k,F). We 

then have, under highly plausible conditions (see below) the following two 

inequalities:  

 

    ( , ; *,0) ( ' , ' ; ,A A A A A AW Z k W Z k F )θ θ≤  

      ( , ; *,0) ( , ; *,0) ( ' , ' ; , ) ( ' , ' ; , )A A A T A A A A A T A AW Z k W Z k W Z k F W Z k Fθ θ θ θ+ ≤ +  

 

As before, the first inequality follows from Proposition 2. The second inequality states 

again that federal welfare cannot be lower under the technology with positive fixed 

cost as compared to the zero fixed cost benchmark technology. For this weak 

inequality to hold, a sufficient condition is that the welfare of through transport users 

cannot be reduced by having region A select the technology with positive fixed costs. 

Why will transit traffic, notwithstanding the existence of tolls, typically be better off? 

The intuition is simple: lower variable costs compared to the benchmark increase the 

capacity chosen by the regional government. Moreover, more capacity reduces 
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congestion and, under a very mild technical condition, induces the region to reduce 

the optimal tolls. Hence, 'Aθ < Aθ
8. More capacity and lower tolls are both beneficial 

to through traffic.  

The two inequalities imply that, compared to the benchmark technology 

without fixed costs, lower federal subsidies are again needed to make regions accept a 

transport project. We summarize our findings in the following proposition: 

 

 
 
PROPOSITION 3: Consider a region facing both local and through traffic 
demand, and compare linear transport technologies with fixed costs to a 
transport technology with zero fixed costs along the same isocost-isocapacity 
locus. It then follows that: 

(i) The region will more easily realize a project when it can choose 
technologies with positive fixed cost  

(ii) The required lump-sum federal subsidy needed to induce the region to 
realize this project is smaller when the region can choose technologies 
with positive fixed cost.  

 

 

3. Numerical illustration 
 
 In this section, we use a numerical model to compare transport technologies 

that differ in the relative importance of fixed costs. Starting from a CRS benchmark 

technology with zero fixed costs, we look at the effect of increasing fixed costs along 

the isocost-isocapacity locus for the region’s optimal capacity investment, toll levels, 

welfare and cost recovery. After briefly discussing calibration of the model, we first 

consider the situation when there is only local traffic. Both the cases with and without 

tolling are considered. Then we introduce through traffic and analyze the changes this 

implies; again, the cases with and without tolling are considered. In a final subsection, 

we report on the results of other tolling regimes and multiple competing regions.  

                                                 
8 Formally, the statement that an increase in the fixed cost component (reduction in variable cost) raises 
optimal capacity and reduces optimal tolls is shown in Appendix 2. The proof consists of totally 
differentiating the optimal toll and capacity rules (12)-(13), and using (3)-(4) as well as the second-
order conditions. It follows that an increase in the variable cost component k raises optimal capacity Z 
and reduces the optimal toll θ  under a very mild technical condition on the second derivatives of the 
reduced-form transport demands. Note that the numerical work in the next section consistently 
confirms the result that a higher fixed cost component (lower k) leads the region to invest more and set 
lower tolls.    
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For the numerical application we use linear demand and user cost 

specifications. We prefer the linear demand function because we want a choke price 

above which demand drops to zero9. A linear user cost function is used for purposes 

of analytical tractability; moreover, it can be formally justified in a bottleneck type of 

congestion model (Arnott, de Palma, Lindsey (1993)). Specifically, the following 

demand and user cost functions are implemented:  

     
Y

X

P c dY

P a bX

= −

= −

   VK q
Z

α β α β= + = +  

 

3.1 Calibration 

 We will study the implications of the capacity cost structure for different 

regimes: with and without through traffic, with and without tolling, etc. For all 

regimes considered, we start with the same constant returns to scale capacity cost 

function ; hence, was taken to be the same for all regimes. The variable 

capacity cost is calibrated such that, in the no-toll reference equilibrium, local and 

through traffic demand each account for 50% of total traffic in the region studied, and 

that the share of other costs and time costs are equal. Moreover, the demand 

elasticities equal -0.31 for local traffic and -0.13 for through traffic 

( )C Z kZ=

k

k

10. The calibrated 

unit (variable) cost of capacity was equal to €18.69. This value was used for all 

regimes studied in this paper as well. 

 For each given regime, we then proceeded as follows. Starting from the 

constant returns to scale situation, i.e., using k0=€18.69 and 0 0F = , we determined 

the optimal Z* and the associated total cost for this regime. We then allow the 

variable capacity cost to decrease and, simultaneously, the fixed cost to increase in 

such a way that, for a given Z*, the total cost, , remains constant. Note that this 

defines the isocost-isocapacity line for the regime under consideration. Of course, the 

isocost-isocapacity line differs between regimes because the optimal capacity level 

Z*, and hence the total cost, depend on whether tolling is possible and whether 

through traffic is present.  

( *)C Z

(C Z*)

                                                 
9 A simple alternative is a constant elasticity demand function, but this implies an infinite willingness 
to pay for very low quantities so that the transport service is always provided. 
10 The parameters used are a=567.114; b=0.3356 ; c=283.557; d=0.1677; α=34.335; β=23.924.  
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3.2. Effects of the capacity cost structure: The case of a single region without through 

traffic 

 We first look at the effect on the investment decisions of a given region when, 

starting from the benchmark, the variable component of capacity cost decreases and 

the fixed component increases and there is no possibility of through traffic. The 

results of varying the share of fixed and variable capacity costs are presented in 

Tables 1a (tolls are used) and 1b (no tolls), as well as in Figure 4.  

 Consider Table 1a. The first two lines show the (k,F) pairs along an isocost-

isocapacity line. As explained above, all these variable and fixed cost pairs produce, 

for the optimal capacity under constant returns to scale (which equals Z*=1395 for 

this regime), the same total capacity cost (equal to C(Z*)=26080). In each column of 

the table we then let, for a given combination of fixed and variable capacity costs 

along the isocost-isocapacity locus, the regional government optimize the level of 

capacity and the level of the toll. The optimal values, together with the corresponding 

demand and welfare levels, complete the different columns in the table.  

The results are easily interpreted. First note that optimal capacity provision 

rises when the fixed cost component increases. This is quite intuitive, due to the 

smaller marginal cost of capacity expansion. Higher capacity further implies lower 

congestion. Tolls on transport use, which are equal to the local marginal external costs 

(see the theoretical section 2.1), also reduce markedly due to the large decrease in 

congestion. The increase in demand is relatively small. Note that, compared to the 

benchmark with zero fixed costs, all technologies along the isocost-isocapacity line 

imply, consistent with our theoretical findings, higher welfare than the 

benchmark.What this means is that, if the optimal benchmark capacity can be 

provided at the same cost by an alternative technology with positive fixed costs, 

optimal use of this latter technology must necessarily improve welfare11.    

As expected, the degree of returns to scale has implications for the relation 

between toll revenues and total capacity costs (C(Z)). The latter have risen because of 

much higher capacity investments. Toll revenues go down when fixed capacity costs 

become more important, due to substantially lower tolls on just slightly more demand. 

                                                 
11 Importantly, as stressed by a referee, only comparisons with the benchmark make sense, because the 
isocost-isocapacity locus has been defined for the optimal capacity and capacity cost at the zero fixed 
cost benchmark.  
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Cost recovery becomes therefore less favorable. This is as predicted by the theory. 

Figure 4 represents the results for this case graphically. 

In Table 1b, we report the results in the case the region for some reason cannot 

or does not want to use tolls, and only determines investment optimally. The results 

are very similar in all relevant respects to those of Table 1a, except of course for 

demand levels; these are higher due to the absence of tolls.  

 
 

 Insert Table 1a here 

 Insert Table 1b here 

 Insert Figure 4 here  

 
 
 
3.3 The case of a single region with through traffic  
 

Tables 2a-2b report the results when through traffic is present. In the reference 

case used for calibration, it is assumed that through traffic accounts for 50% of total 

traffic in the absence of tolls. Note that, as explained above, the ( ) pairs differ 

from those in Table 1 because this regime produces a different optimal capacity (and 

capacity cost) for the capacity cost function with constant returns. 

,k F

Apart from toll levels and cost recovery, the results are again quite similar for 

the cases with and without tolling. As before, technologies with lower variable 

capacity costs compared to the benchmark raise optimal capacity levels, and welfare 

is higher. There is also a marked increase in investment in capacity whereas both local 

and through traffic demands increase only slightly. 

The crucial difference between Tables 2a and 1a obviously relates to tolling 

behaviour and cost recovery. Tax exporting implies that the uniform toll in Table 2a is 

very high. Moreover, contrary to the case without through traffic, it only marginally 

declines for higher shares of fixed capacity costs. To understand this, remember that 

the optimal uniform toll consists of two components (see (12)), viz., the local 

marginal external cost and a tax exporting component that depends on the importance 

of through traffic and the sensitivity of demand. The local marginal external cost 

slightly declines when fixed capacity costs are more prominent (due to lower volume-

capacity ratios), which reduces the toll. The tax exporting component, however, 

slightly increases due to higher through traffic demand.  
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  Insert Table 2a here 

  Insert Table 2b here 

 

Considering the cost recovery issue note that, unlike in the case without 

through traffic, tax exporting implies that the uniform tolls generate much more 

revenues than required to finance capacity costs. Funding is not a problem at all, 

given that the region decides on tolling (and hence charges high tolls) and investment 

levels. Note also that cost recovery ratios do not monotonically decline when fixed 

costs become more important.  

 Comparing the welfare effects reported in the bottom rows of Tables 1a and 2a 

suggests that, in the case tolling is possible, the presence of through traffic is likely to 

raise welfare. Note that the regions’ welfare in the case of zero through traffic 

amounts to 127602 at the reference case with zero fixed costs; welfare with through 

traffic amounts to 217217, reflecting huge transport tax revenues.12 However, when 

through traffic cannot be tolled (compare Table 1b and 2b), adding through traffic 

flows reduces welfare. It amounts to 126332 without through traffic (zero fixed cost 

case) versus 101681 when through traffic, which can’t be tolled, is introduced.    

To conclude this subsection, we briefly compare the results with the first-best 

‘global’ optimum, i.e., the optimal pricing and investment policy that does take 

account of the welfare of through traffic users when making decisions; this optimum 

is derived from objective function (8). One easily shows that this implies setting tolls 

at the global marginal external congestion cost (which equals 'VK
Z

) that captures both 

locals and through traffic time losses. The numerical results (not reported) again show 

that capacities and welfare are both rising when the share of the fixed cost becomes 

more important. Not surprisingly, cost recovery associated with optimal behaviour at 

the federal level is indeed problematic when there are fixed infrastructure costs.  

Together with the results in Table 2a, this illustrates again the dilemma for 

federal authorities. When there are high fixed costs, toll-capacity setting by regions 

does not pose serious funding problems but, of course, global welfare is lower than at 

the global optimum. The latter, however, implies less than full cost recovery and 

                                                 
12 Total welfare (including the welfare of through traffic users) in the tables is calculated on the basis of 
(8). 
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hence funding problems. If there are fixed costs, the trade-off is clear. The ‘federal’ 

level can impose efficient pricing and investment but then needs to support funding, 

or it can allow regions to toll through traffic. This implies funding is no problem but 

results in welfare losses at the federal level.     

 
3.4. The role of fixed capacity costs in a serial transport corridor 
 

In this sub-section we finally briefly report on application of some extended 

models. We studied alternative pricing instruments together with tax competition in a 

serial transport corridor with two regions. In a serial transport corridor, through traffic 

passes through two regions that each have also local traffic on their network. Both 

regions play a game in capacity and tolling (see De Borger et al. (2007)). Next to 

uniform tolling and no tolling, we also study two more pricing regimes: differentiated 

tolls for local and through traffic and a regime where only local users can be tolled. 

The numerical results are provided in the working paper version (see De Borger et al. 

(2008)). They are highly intuitive and do not change the main insights from this 

paper; for example, compared to the benchmark with zero fixed costs, in all cases we 

found higher fixed costs (for the benchmark isocost-isocapacity line) to increase 

welfare and to raise capacity. Hence, we do not present the extensive numerical 

results, but limit the discussion to some interesting additional findings.  

Consider different tolling regimes. Although relative increases in capacity are 

similar for all pricing regimes, in absolute terms there is more investment in capacity 

when no pricing instruments are available, or through traffic cannot be tolled. There is 

also less investment with uniform tolls than with differentiated tolls, because further 

investment would not bring additional revenue from through traffic as this would also 

penalise local users. The results further confirm that differentiated tolls on local and 

through traffic demand also lead to high cost recovery ratios; but somewhat contrary 

to expectations, the cost recovery ratio is highest in the exercise with uniform tolls. 

When only local tolls can be used, a substantial deficit occurs; it is rising in the share 

of fixed costs. These results again confirm that funding of infrastructure is hardly a 

problem as long as countries are allowed to toll through traffic.  

Finally, comparing the results for a single region with those for a transport 

corridor with two regions engaging in tax and capacity competition, we find that tax 

competition in uniform tolls leads to much lower tolls and more capacity investment. 

This is due to the reactions toll and capacity changes trigger in other regions (see, for 
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details, De Borger et al. (2007)). Apart from that, qualitatively the results are 

unaffected. Cost recovery is again more than sufficient to fund the infrastructure, 

despite the lower tolls.   

 
 
4. Conclusions 

 

 The purpose of this paper was to reconsider the role of the cost structure of 

transport capacity investments and of the presence of through traffic for investment 

incentives, for welfare and for cost recovery. Some interesting results were obtained. 

 We showed that, compared to a CRS benchmark technology which has zero 

fixed costs, any other infrastructure technology which is capable of providing the 

same capacity at the same cost and only differs in the relative importance of fixed 

costs in total capacity costs, implies higher welfare for the regional government 

building it, assuming the government selects capacity to maximize regional welfare. 

Therefore, compared to the benchmark technology without fixed costs, regions are 

more likely to make a particular transport investment if they can choose a technology 

with higher fixed costs. This implies that projects with relatively high fixed costs (say, 

rail projects) do not necessarily require higher federal subsidies.  

We further found that, even for capacity investments characterized by high 

fixed costs, cost recovery (i.e., financing of infrastructure) is generally not an 

important issue as long as regions are allowed to autonomously toll through traffic. It 

is then no longer clear at all that a high fixed cost of capacity expansion is a hurdle for 

the funding of investments. If the regional government is restricted (e.g., by regulation 

imposed by a higher-level federal government such as the EU) to price the use of its 

infrastructure at marginal social cost, then high fixed capacity costs do imply less than 

full cost recovery, and subsidies may be justified. In general, whether funding 

problems arise depends on who is responsible for toll and capacity decisions, on the 

importance of through traffic, and on the structure of the capacity cost function.  

The difficulty of cost recovery and the associated funding problems in the case 

of high fixed costs largely explain recent EU policy to focus subsidies much more on 

rail and inland waterway investments (infrastructure with high fixed costs) than on 

road. Our results suggest that the emphasis on infrastructures with high fixed capacity 

costs may be inappropriate. Moreover, our results suggest that the EU should not 
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necessarily subsidize the provision of infrastructure if tolling can be decided by the 

member states, because cost recovery will typically not be a problem. Finally, the 

analysis of this paper clearly identifies a dilemma for a federal authority: either one 

allows countries to decide on tolling and avoids funding problems, but at the expense 

of lower global welfare, or one imposes optimal tolling from the federal perspective 

on the regions, but at the expense of lower investment incentives at the regional level.  

 26



 

References  
Arnott R., de Palma A., Lindsey, 1993, A Structural Model of Peak-Period 

Congestion: A Traffic Bottleneck with Elastic Demand, American Economic Review 

83(1),161-179  

 

Arnott, R. and R. Grieson, 1981, Optimal fiscal policy for a state and local 

government, Journal of Urban Economics 40, 179-197. 

 

Arnott, R. and M. Kraus, 1998, Self-financing of congestible facilities in a growing 

economy, in Pines, D., E. Sadka and I. Zicha (Eds.), Topics in Public Economics: 

Theoretical and Applied Analysis, Cambridge University Press, 161-184.  

 

De Borger, B., Proost, S., and Van Dender, K. (2005), Congestion and tax 

competition in a parallel network, European Economic Review, nov, p. 2013-2040. 

 

De Borger , B., Dunkerley, F. and S. Proost, 2007, Strategic investment and pricing 

decisions in a congested transport corridor, Journal of Urban Economics 62, 294-316.  

 

De Borger, B., Dunkerley, F. and S. Proost, 2008, Capacity cost structure, welfare and 

cost recovery: are transport infrastructures with high fixed costs a handicap? Catholic 

University Leuven, CES discussion paper 0803, available at 
http://www.econ.kuleuven.be/ces/discussionpapers/Dps08/Dps0803.pdf 

  

de Palma, A. and R. Lindsey, 2007, Transport user charges and cost recovery, in de 

Palma, Lindsey and Proost (Eds.), Investment and the use of tax and toll revenues in 

the transport sector, Elsevier Publishing, 29-57. 

 

Levinson, D., 2001, Why states toll – An empirical model of finance choice, Journal 

of Transport Economics and Policy 35 (2), 223-238.  

   

Mohring, H. and M. Harwitz, 1962, Highway benefits: An analytical framework, 

Northwestern University Press, Evanston, Illinois.  

 27

http://www.econ.kuleuven.be/ces/discussionpapers/Dps08/Dps0803.pdf


 

Morrison, S.A., 1983, Estimation of long-run prices and investment levels for airport 

runways, Research in Transportation Economics 1, 103-130. 

 

Small K. and E.Verhoef, 2007, The economics of urban transportation, Routledge, 

276 p 

 

Zhang, A. and Y. Zhang, 2003, Airport charges and capacity expansion: effects of 

concessions and privatization, Journal of Urban Economics 53, 54-75.

 28



Appendix 1: Proof of Proposition 1 

 Start from the optimal capacity and corresponding capacity cost for the case of 
an infrastructure with constant returns to scale (zero fixed cost). Denote the variable 
cost of capacity by ; optimal capacity is denoted *k *Z , hence optimal capacity cost 
for this case is .  * *Z= *C k

Then consider the isocost/isocapacity structure * *C kZ F− =  describing all 
combinations of fixed and variable cost ( ) that yield, for the given capacity ,F k *Z , 
the same  total cost . This isocost-isocapacity line can be written as: *C
  (A1) *( )F k k Z= − *

Z−

Z−

Remember the welfare function is given by: 

0
( )

Y
Y Y

regW P y dy g Y Y F kθ= − + −∫  

Substituting (A1) implies 
* * *

0
( ) ( )

Y
Y Y

regW P y dy g Y Y k Z k Zθ= − + − +∫            (A2) 

Now consider the welfare impact of a change in the cost structure along an isocost-
isocapacity line. Specifically, consider a change in variable cost (and, hence, a 
corresponding change in fixed cost); the effect on welfare is given by: 

k

 dW W W Z W
dk k Z k k

θ
θ

∂ ∂ ∂ ∂ ∂
= + +
∂ ∂ ∂ ∂ ∂

 (A3) 

where we have deleted the subscript  to save on notation, and reg

,Z
k k

θ∂ ∂
∂ ∂

 

are the effects of k on the optimal capacity and toll levels associated with the welfare 
optimization program (A2). Noting that the first-order condition for optimal capacity 

implies 0, 0W Z W θ∂ ∂ = ∂ ∂ = , we can simplify (A3) to dW W
dk k

∂
=
∂

. 

Differentiating (A2), we then immediately obtain:  
*W Z Z

k
∂

= − +
∂

              (A4) 

where Z is the optimal capacity of program (A2).  
 
To show that an increase in the fixed cost along an isocost-isocapacity locus 

raises welfare it suffices to show that the right-hand-side of (A4) is negative, since 
higher variable cost is equivalent to lower fixed cost. To show that this is the case, 
note that, since *Z  corresponds to optimal capacity at variable capacity cost , the 
inequality 

*k
*Z Z>  will hold provided that 0Z k∂ ∂ < . In other words, it remains to be 

shown that a higher variable cost (lower fixed cost) reduces optimal capacity. To do 
so, reformulate the first-order conditions of section 2.1 as follows: 

' 0Z K Yθ − =                (A5) 
2 2' 0K Y kZ− =               (A6) 
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,Z θDifferentiate (A5)-(A6) with respect to  and k, and write the result in matrix 
notation:  
 

' '
0

Y YZ K K
dZ

θ
θθ

∂ ∂⎡ ⎤− −⎢ ⎥ ⎡
2

2 ' 2 'Y Y dZ Z dkK Y K Y kZ
Zθ

⎤ ⎡ ⎤∂ ∂⎢ ⎥ =⎢ ⎥ ⎢ ⎥∂ ∂⎛ ⎞⎢ ⎥ ⎣ ⎦ ⎣ ⎦−⎜ ⎟⎢ ⎥∂ ∂⎝ ⎠⎣ ⎦

 

where we have assumed a linear congestion fu
simplicity13.  Solving the system by Cramer’s rule im

nction (i.e., constant K’) for 
mediately yields: 

21 'dZ YZ Z K
dk θ

⎡ ⎤∂⎛ ⎞= −⎜ ⎟⎢ ⎥Μ ∂⎝ ⎠⎣ ⎦
    (A7) 

 21 'd YZ K
dk Z
θ θ⎡ ⎤∂⎛ ⎞= −⎜ ⎟⎢ ⎥Μ ∂⎝ ⎠⎣ ⎦

        

here is the determinant of the system. It is easily shown that  by the 
second

Noting that higher tolls reduce local transport demand, it then immediately 
follows from (A7) that:  

    (A8)    

w Μ 0Μ <
-order condition for welfare optimisation. 

 

0dZ
<  

Hence, a higher variable cost componen r fixed cost) reduces optimal capacity. 
dk

t (lowe

As argued above, 0dZ
dk

<  then implies 0W
k

∂
<

∂
. This completes the proof.  

            Finally, note that, if we substitute the toll from (A5) into (A8) and rearrange, 
we find: 

                                     0d
dk
θ
>  

Hence, a higher variable cost component (lower fixed cost) raises the toll. This makes 
nse: less capacity raises congestion, necessitating higher optimal tolls. 

ollowing the 

 traffic), we have that 

se
 
 
 
Appendix 2: Proof of Proposition 2  
 In the case of through traffic we analogously show that higher fixed costs 
along an isocost-isocapacity line raises welfare. First, f same logic as in 
the proof of Proposition 1 in Appendix 1 (substituting (A1) in the objective function 

(7) for the case with through 0dW W
dk k

∂
= <
∂

. Moreover, we 

again have immediately that:  
*W Z Z∂

=
k

− +                

This vided 
∂

0Z k∂ ∂ < . will be negative pro

                                                 
13 Assuming a convex congestion function (K”>0) slightly complicates the algebra but doesn’t affect 
the conclusion. 
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First, reformulat ditions (12)-(13) of section 2.2 as: e the first-order con

                              

                         ' 0=  (A9) ZXZ K Y Vθ − −
∂

0  (A10) 

The second expression is obtained after substituting the toll from (12) into (13); 

to show

θ∂

                         2 2'K V kZ− =

moreover, we used (3)-(4)  2

/ 'V Z K V
/V Zθ

∂ ∂
= −

∂ ∂
.  

Differentiate system (A9)-(A10) with respect to ,Z θ  and k, and write the 
result in matrix notation:  
 

2
2

2

2
2

2

'
'

0

2 ' 2 'V VK V K V kZ
Zθ

∂ ∂⎛ ⎞⎢ ⎥−⎜ ⎟∂ ∂⎢ ⎥⎣

X VZ ZX X VY X Z ZXZ K Y Z ZV KV V dZ V
dZ Z dk

θ θ
θθ θ

θθ θ θ θ

⎡ ⎤∂ ∂ ⎛ ⎞⎢ ⎥∂ ∂∂ ∂ ∂ ⎜ ⎟+− − +⎢ ⎥∂ ∂ ∂ ∂⎜ ⎟∂∂ − − −∂⎛ ⎞⎢ ⎥∂⎜ ⎟∂ ⎡ ⎤ ⎡ ⎤⎜ ⎟ ∂⎛ ⎞⎢ ⎥∂ ∂ =⎝ ⎠ ⎜ ⎟ ⎢ ⎥ ⎢ ⎥⎜ ⎟∂⎢ ⎥∂⎝ ⎠ ⎣ ⎦ ⎣ ⎦⎝ ⎠⎢ ⎥
⎥

⎝ ⎠ ⎦
 
where we again assumed a linear congestion function (constant K’). Solving the 
system by Cramer’s rule immediately yields: 

⎢

2

2
2

2
1 '

X VZ ZXdZ YZ Z K Vdk V
θ θ

θ
θ θ

⎡ ⎤⎛ ⎞∂ ∂⎢ ⎥⎜ ⎟
∂ ∂ ∂⎢ ⎥⎜ ⎟= − − +

⎢ ⎥∂⎜ ⎟Η ∂ ∂⎛ ⎞⎢ ⎥⎜ ⎟⎜ ⎟∂ ∂⎢ ⎥⎝ ⎠⎝ ⎠⎣ ⎦

         (A11) 

2

2
2

( )1 '

X VX Z ZXd Y Z ZZ
dk

⎢ ⎥⎜ ⎟
⎢ ⎜

K V
θ θθ

⎡ ⎤⎛ ⎞∂ ∂⎢ ⎥⎜ ⎟+∂ ∂ ∂ ∂= − + −
⎥∂ ⎟

⎣ ⎦

   (A12)

            
where tive by the second-order condition for 
welfare optimisation. 
 

sider (A11). Note that by definition 

Z V
θ θ

Η ∂ ∂⎛ ⎞⎢ ⎥⎜ ⎟⎜ ⎟∂ ∂⎢ ⎥⎝ ⎠⎝ ⎠

Η is the determinant of the system, nega

Con
X V
θ θ
∂ ∂

<
∂ ∂

 

Therefore  
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0

XZ
Z θ

∂
∂ >  V
θ

−
∂
∂

in imm the desi  result14:  
Provided the final second-derivative term between the brackets of (A11) is not so 
negative as to dominate, we then aga ediately have red

0dZ
dk

Hence, a higher variable cost component (lower fixed cost) raises the toll but reduces 

optimal capacity. As argued above, 

<  

0
dk
dZ

<  then implies 0W
k

∂
<

∂
.  

imme

         Finally, substituting the optimal toll from (A9) into (A12) and rearranging also 

diately shows 0d
dk
θ
> , provided the final term 

2VZX
2
Zθ

V
θ

∂
∂ ∂
∂⎛ ⎞

⎜ ⎟∂⎝ ⎠

 is not very largely 

negative15. Hence, more important fixed costs (lower variable cost) reduce the 
optimal toll.  

                                                 
14 One easily shows that this final term is actually zero for linear inverse demand functions (see (3)-(4))  
15 It is positive for linear inverse demand functions. 
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Figures and Tables  
 
 

 

Figure 1: Isocost-isocapacity locus   
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Figure 2. Cost – capacity relations 
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Figure 3. The welfare improvement due to a decrease of fixed costs 
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Figure 4:  Percentage changes in key parameters as a function of fixed (and 
variable) capacity costs with no through traffic 
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k 18.69 16.82 14.95 9.35 5.61 3.74 1.87 
F 0 2608 5216 13040 18256 20864 23472 
θ  21.15 20.06 18.91 14.95 11.58 9.46 6.69 
Y 1233 1246 1260 1307 1347 1373 1406 
Z 1395 1486 1594 2091 2783 3472 5029 
C(Z) 26080 27609 29046 32585 33861 33845 32872 
Toll revenue 26080 25001 23830 19545 15605 12981 9400 
Cost recovery 1.0 0.9 0.8 0.6 0.5 0.4 0.3 
MEC 21.1 20.1 18.9 15.0 11.6 9.5 6.7 
W region 127602 127685 127952 130297 134027 137200 142288 
    
 
Table 1a: The effect of changes in the cost structure (tolls, no through traffic)  
 
  
k  18.69 16.82 14.95 9.35 5.61 3.74 1.87
F 0 2608 5216 13040 18256 20864 23472
Y 1353 1360 1368 1393 1415 1428 1445
Z 1461 1553 1660 2159 2852 3542 5099
C(Z) 27317 28727 30044 33219 34246 34104 33002
MEC 22.2 21.0 19.7 15.4 11.9 9.6 6.8
W region 126332 126538 126930 129652 133637 136939 142156
Table 1b: The effect of changes in the cost structure (no tolls, no through traffic)  
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K 18.69 16.82 14.95 9.35 5.61 1.87 
F 0 3381 6761 16904 23665 30426 
θ  143.77 143.23 142.65 140.67 138.99 136.54 
Y 502 512 522 558 588 632 
X 1096 1101 1106 1124 1139 1161 
Z 1809 1924 2060 2691 3567 6413 
C(Z) 33807 35745 37566 42051 43667 42414 
Toll revenue 229843 231060 232329 236576 240024 244760 
Cost recovery 6.8 6.5 6.2 5.6 5.5 5.8 
MEC - global 21.1 20.1 18.9 15.0 11.6 9.5 
MEC - local 6.6 6.4 6.1 5.0 3.9 3.3 
Welfare region 217217 217322 217661 220632 225359 235827 
Through traffic welfare 201633 203421 205321 211946 217667 226110 
Total welfare  418850 420743 422981 432578 443025 461937 
Table 2a: The effects of changes in the cost structure, local and through  
traffic demand (uniform toll) 
 
 
 
K 18.69 16.82 14.95 9.35 5.61 1.87 
F 0 3381 6761 16904 23665 30426 
Y 1291 1302 1313 1351 1382 1427 
X 1490 1496 1501 1520 1536 1558 
Z 2011 2171 2327 3046 4043 7278 
C(Z) 37239 39906 41555 45372 46339 44030 
MEC - global 33.1 30.8 28.9 22.6 17.3 14.0 
MEC - local 15.4 14.3 13.5 10.6 8.2 6.7 
Welfare region 101681 102232 103051 107738 113992 126773 
Through traffic welfare 279604 284276 289212 306220 320661 341605 
Total welfare 381285 386509 392263 413958 434653 468378 
Table 2b: The effects of changes in the cost structure, local and through  
traffic demand (No tolls) 
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