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Introduction

This paper examines the extent to which the structure 
of municipal public finance and service provision 
results in an inequitable allocation of municipal costs 
and biases community development toward sprawl 
in a mid-sized city in Northern Ontario1. To illustrate 
how conventional municipal finance can be incorrect, 
inefficient and inequitable, two approaches are 
compared: charging for services and infrastructure by 
property value (the typical approach) and charging 
according to use and cost as calculated using the 
Shapley value. We then provide rough estimates of 
specific biases in the municipal cost-price system for 
Sudbury, a mid-sized northern Ontario community.

For a well-defined notion of how road costs should 
be shared, the paper employs the Shapley value, a 
concept from cooperative game theory. The Shapley 
value allows us to compute an efficient and equitable 
allocation of costs.

Criticisms of using property tax to finance roads are 
not new, but the use of the Shapley value to provide 
a reference cost-allocation does appear to be an 
innovation. Computing Shapley values allows the 
mispricing and inequity of the present system to be 
quantified.

The Shapley value relies on a central idea from 
cooperative game theory, the concept of voluntary 
coalitions, to identify a fair allocation. No citizen 
voluntarily joins a coalition to provide a road unless 
there is a net benefit from joining. No existing 
coalition accepts a new member unless there is a 

1. Northern communities differ from those in southern Ontario in being 
generally small and relatively remote with either stable or declining 
populations. Without a growing population they face growing per-
capita costs. Many are experiencing job losses, school closures, and 
service reductions. In addition harsh weather and low densities impose 
unusually high infrastructure costs. As a result, the consequences of 
mis-pricing are amplified, threatening the capacity to continue to 
provide a competitive level of services in the future.

net benefit from admitting the new member. The 
cooperative game approach therefore generates a 
division of costs that is consistent with freedom of 
association and democratic self-governance.

Since there are many coalitions that might have formed 
without a particular potential member, there are many 
values that could be associated with each potential 
member. The Shapley value resolves the problem by 
averaging each homeowner’s addition to every possible 
combination of the other homeowners2. 

2. There are other cooperative solution concepts that can be applied to 
estimate fair cost allocation [9]. They produce similar allocations and, 
since they all can claim to be `fair’, it is possible to select any of them 
or to use a combination and still be confident that the result is more 
equitable than allocation by property value.

Road, Sudbury. Photo by Phrawr via Flickr
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Sharing road costs

Consider a very simple stylized model of a town that 
provides only roads to a population that is distributed 
spatially. All the jobs in this mining community are 
where the mine is. To keep the model very simple, 
assume that the mine and the community is supplied 
by helicopter from outside so that we can ignore 
transportation to and from the community3. The ten 
citizens claim residential lots on a road leading out of 
the town along a river. Everyone gets a riverside lot. 
Everyone earns the same wage.

Since travel is costly in time and fuel, lots that are 
farther away from the mine are valued less than lots 
next to the mine. The standard assumption in urban 
economics is that the utility of identical citizens is the 
same at every location. Those who live farther away 
from work trade longer travel time for the pleasures of 
a larger lot. Land is cheaper farther from the mine, so 
citizens purchase larger lots. Lot values decline with 
distance from the mine4. 

3. This is really just a simple version of the standard mono-centric city 
model that has all jobs at a central point.

4. This is generally the case with identical households, but may not be 
the case with large income differences.

The road in Figure 1 is nine units long. Because lots are 
larger farther from the mine, the length of the segments 
between each driveway increases. To keep our cost model 
simple we will assume that everyone makes the same 
number of trips to work in the same type of vehicle. 

How should we allocate the cost of the road? There are 
several common approaches. We might charge directly 
for trips or we might collect the necessary revenue 
though a gas or vehicle tax or through property taxes.

The most common approach is to collect a property tax 
as a fraction of the value of all land and improvements, 
and then to provide the road out of general revenue. 
In other words people pay for the road in proportion to 
the value of their property not their use of the road5.

Table 1 shows the 2016 tax schedule for the City of 
Greater Sudbury. The schedule for North Bay is similar. 

5. The use of development charges and the common requirement that 
developers provide infrastructure to the community standards does not 
affect the argument. Development charges usually attempt to make 
new community members pay for all or part of the marginal cost of 
extending infrastructure by including the costs in the home price. In 
effect a new property owner pays for his own segment of road. The 
property owner in a new development is in effect joining a community 
of property owners who have already paid for their own roads. In some 
cases development charges are intended to cover other costs, such as 
common facilities or certain local improvements.

Figure 1: a simple road system
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Property General  Fire  Transportation Education TOTAL

Description  Career Comp Volunteer Urban Commuter  CGS

Residential/New Multi-Res 0.972657 0.147957 0.101661 0.058402 0.080187 0.037518 0.188000 1.388801

Multiple Residential 2.098400 0.319201 0.219322 0.125996 0.172995 0.080940 0.188000 2.778596

Commercial Occupied 2.036946 0.317104 0.217881 0.125167 0.171858 0.080408 1.180000 3.705908

Commercial Excess Land 1.425862 0.221973 0.152516 0.087617 0.120301 0.056286 0.826000 2.594136

Commercial Vacant Land 1.425862 0.221973 0.152516 0.087617 0.120301 0.056286 0.826000 2.594136

Industrial Occupied 2.985491 0.464771 0.319343 0.183455 0.251887 0.117852 1.180000 4.882149

Industrial Excess Land 1.940569 0.302100 0.207573 0.119246 0.163727 0.076604 0.767000 3.173396

Industrial Vacant Land 1.940569 0.302100 0.207573 0.119246 0.163727 0.076604 0.767000 3.173396

Large Industrial Occupied 3.383892 0.526791 0.361957 0.207936 0.285501 0.133579 1.180000 5.376184

Large Industrial Excess Land 2.199530 0.342414 0.235271 0.135159 0.185575 0.086827 0.767000 3.494519

Pipelines 2.177144 0.331179 0.227553 0.130723 0.179486 0.083978 1.180000 3.867809

Farm 0.243164 0.036989 0.025414 0.014600 0.020047 0.009380 0.047000 0.347200

Managed Forests 0.243164 0.036989 0.025414 0.014600 0.020047 0.009380 0.047000 0.347200

AVERAGE 1.774865 0.274733 0.188768 0.108443 0.148895 0.069664 0.703308 3.268679

decline with distance from the centre, even with his 
larger lot and much greater road use, Harvey will pay 
less for the road than Li6.

Cost allocation by usage

To understand how unfair paying for roads with general 
municipal revenue actually is, we need a plausible 
comparison. One approach is to charge individual users 
on the basis of use. A system of road tolls would do that. 

Consider the following imaginary system. Let the road 
in Figure 1 run across the edge of each property and 
let each property owner pay for their section of road. 

6. One rationalization for this pattern is that the property tax serves as a 
tax on wealth.

The schedule distinguishes thirteen property classes 
with distinct tax rates. In addition it reveals the use 
of area rating for fire and public transit services. The 
key features are, first, that the basic property tax is 
uniform across the region for each class, and second, 
that different property classes face different tax rates 
that result in shifting municipal costs from households 
to industrial and commercial properties. Our focus in on 
the first feature.

There are serious problems with applying a uniform 
rate. Looking at Figure 1, imagine that Pat never 
travels and has built a very large, lovely house while 
Sue spends half of her income at the pub and has a 
very small house. Provincial legislation requires that 
real property be taxed at the same rate. With his larger 
house, Pat has more real property so he pays more 
property taxes than Sue. As a result Pat pays more for 
the road than Sue despite the fact that Sue uses the 
road more than Pat. Furthermore, since land values 

 Table 1: 2016 tax rates for the City of Greater Sudbury by property class with area rating.  
(expressed as percent of assessed value)
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practical use. In the model, population is distributed 
on a line rather than around a central district. A two-
dimensional model is needed. Furthermore the model 
has a single centre, while most communities have 
several distinct centres, some for shopping and some 
for employment. Population density is ignored and 
the model also assumed away the variety of vehicle 
types and a variety of trip purposes. These aspects 
can be incorporated quite easily in theory, although 
the computational burden rises rapidly. In fact, the 
logic used to derive Figure 2 can be applied to a 
range of infrastructure and services, including garbage 
collection, snow plowing, water and sewer systems, and 
even fire services.

A vehicle toll might provide a more precise user charge 
than the calculated property tax if the number of 
trips per property varies. Roads are built to service 

Each property owner then sets up an electronic toll 
both. The booth records the identity of each person 
who drives through and that information is sent to the 
town clerk, who sends a bill to each property owner 
at the end of the month. The bill is calculated by 
dividing the monthly cost of providing that section of 
road by the number of drivers who used that section 
and appears as an addition to a monthly property tax 
bill rather than being charged to the vehicle for each 
trip. The system is fair to the owner of each individual 
section of road, provides 100% cost recovery and 
perfectly assigns costs to users. 

We can compute an approximation of the usage 
charge using property location and traffic density 
information7. A simple example follows8. 

The total cost of the road is proportional to its length, 
which is 9.5. Let the cost per unit be one for this 
example. Harvey would pay for all of the section of 
road that serves only his property. Li would only pay 
one tenth of the cost for the 0.5 units of road he uses 
because he shares that segment equally with nine other 
people. Table 2 shows the resulting cost allocation. 
It is striking to notice that under this cost allocation 
scheme, Harvey would pay 67.88 times as much as Li. 

The values computed in Table 2 happen to be exactly 
the values one gets computing the Shapley value 
for this simple problem. For more complex problems 
the Shapley value calculation provides a systematic, 
although computational demanding approach. 

The model illustrated in Table 2 is too simple to be of 

7. This approach is used by road associations in Scandinavian countries 
[6] and in other special cases where collective provision is negotiated 
through private associations.

8. Existing GIS traffic models, including those used by cities like Sudbury, 
are in principle easily extended to support cost allocation of the sort 
demonstrated here. It is significant that the models in use may include 
cost-benefit modules but do not include cost allocation capacity. The 
reason is almost certainly that the programmers have not been asked 
to develop cost-allocation capacity by the organizations that use these 
programs. The Kingsway leading to Frood-Stobie Mine, Sudbury 
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the right represents property tax collections10. The 
upward sloping line represents the road cost allocation 
calculated above11. The region to the right of the point 
where the lines cross is the city’s tax subsidy region. 
The shaded region on the right is the total subsidy 
to “suburbanites.” The shaded area to the left is the 
amount that residents near the centre are overcharged. 
The areas are exactly equal. The conclusion is that Li 
heavily subsidizes Harvey. This pattern has been noted 
by many authors, including Downing and Gustely [4], 
Slack [8] and Blais [2]. 

The subsidy naturally encourages citizens to choose 
homes farther from the community centre12. Since 
road costs constitute a variable but large fraction of 

10. The decline in prices as one moves away from the centre of a 
community is well documented but varies greatly. A 2014 Maclean’s 
article found that the price of a home fell by $20,600 per minute 
of travel time, For Toronto prices fell at $16,200 per minute. (Chris 
Sorenson, Nov. 17, 2014). Note that precise information is easily 
available from the city’s tax rolls. 

11. For a standard ‘circular’ city this line is not parabolic, resulting in a 
larger subsidy at the edge and a larger region on the right providing 
the subsidy.

12. There is a perverse positive feedback from the subsidy through location 
decisions to provide even higher subsidies at the edge of town.

properties, however, and land values are based on 
average potential use rather than specific current use. 
Allocating costs to properties is therefore a reasonable 
long-term substitute for a perfect road toll9. Owners 
may change and individuals may also change their 
pattern of road use, so a property tax can be seen as 
a charge for potential property-related use over time 
rather than precise current use. Average potential use 
would be the appropriate measure when developing a 
sharing formula to allocate road costs.

The distortionary  
effect of the property tax 

Figure 2 illustrates the fiscal effect of charging property 
owners in proportion to property value rather than road 
use. The line that slopes gradually downward toward 

9. It may be the only efficient approach in the absence of technologies 
that bring the transaction cost of tolling to near zero. A road toll has 
the advantage that it ties cost directly to use, which might make usage 
decisions more efficient.

Table 2: Road cost allocation

Segment 1 2 3 4 5 6 7 8 9 10 Total

Cost 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 

Users 10 9 8 7 6 5 4 3 2 1 

Li 0.05          0.05

Al 0.05 0.067         0.117

Pat 0.05 0.067 0.088        0.205

Sue 0.05 0.067 0.088 0.114       0.319

5   0.05 0.067 0.088 0.114 0.15      0.469

6   0.05 0.067 0.088 0.114 0.15 0.2     0.669

7   0.05 0.067 0.088 0.114 0.15 0.2 0.275    0.944

8   0.05 0.067 0.088 0.114 0.15 0.2 0.275 0.4   1.344

9   0.05 0.067 0.088 0.114 0.15 0.2 0.275 0.4 0.65  1.994

Harvey 0.05 0.067 0.088 0.114 0.15 0.2 0.275 0.4 0.65 1.4 3.394
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The distortion will be capitalized into property values. 
The sale rice of properties near the centre would be 
reduced by $20,000 and raised by $20,000 at the 
periphery relative to levels without the cross-subsidy. 
Where does this money go? If markets were efficient 
the money went to the original landowners. If a farmer 
subdivides her property, for example, the market value 
of her land increases and she makes a windfall gain 
which comes from the first buyer. 

The model above can also be modified to explore cost 
allocations between neighbourhoods or when there are 
separate outlying communities.

Gas taxes and road tolls

A variety of ways to achieve fairer road costing have 
been considered. The most obvious is to impose a 
gasoline tax based on the theory that fuel use is tightly 
correlated with road use15. The are positive correlations 
between fuel use and vehicle size, weight and time 
driving, and between each of those variables and both 
congestion effects and road costs, but the correlations 
are weak. Furthermore, fuel taxes are rarely sufficient 
to fund roads, making the fuel tax at best a very partial 
and imprecise road price. The only reliable correlation 
is with CO2 emissions, suggesting, first, that fuel taxes 

15. Road taxes are often earmarked for road construction and maintenance.

municipal spending, the subsidy is a large fraction of 
individual tax bills. Gill and Lawson [5] found total 
road expenditure in 2010 for the province of Ontario 
to be almost $1000 per capita. Smaller northern cities 
spend more than the provincial average according to 
the report. Combining the Gill and Lawson estimate 
with the n the simple model represented by Figure 2, 
Li should pay nothing and Harvey should pay $2000. 
Comparing the areas in Figure 2 suggests that the 
total transfer exceeds one quarter of total roads 
expenditures, and this can be more than one eighth of 
the total municipal budget13. 

At the edge of the community, the subsidy is larger 
than the share of property tax allocated to roads. 
If road infrastructure absorbs one half of municipal 
revenues, the model suggests that residents at the 
edge of the city pay less than half of the true cost of 
services and infrastructure in their property taxes14 [1].

An annual subsidy of $1000 has a present value of 
$20,000 at 5% per year. Property owners at the centre 
overpay on the same scale, so that the total transfer of 
asset value can be as high as $40,000. A subsidy of this 
size has significant effects on the shape of a community 
and the distribution of wealth among residents.

13. Traffic is not usually seen as a benefit for residential properties. Not 
only do the properties close to the centre pay for roads for those in 
the suburbs, but they suffer additional traffic externalities. Arguably 
properties close to the centre should pay an even smaller share than we 
have calculated.

14. Interestingly, in many parts of the Province residents of outlying areas 
believe they are overtaxed and under-serviced, and that amalgamations 
have made the situation worse.

If road infrastructure absorbs one half of 
municipal revenues, the model suggests 
that residents at the edge of the city pay 
less than half of the true cost of services 
and infrastructure in their property taxes.

Figure 2:  Property tax collections  
and road cost-allocation

Subsidy

Road Distance

Lot Values

Harvey
9.58.16.8

Overpayment

Mine

Li Pat Sue
5.64.53.52.61.81.1.5
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Related issues

Services and infrastructure with the ‘linear cost 
structure’ considered in the examples above make 
up more than half of municipal spending. [2, page 
101] The Shapley value approach to allocating costs 
fairly can be applied to more complex transportation 
systems and to a range of other problems at the 
municipal level.

Water and sewer systems

Water and sewer systems have essentially the same 
cost structure as roads. There are capital costs, 
maintenance and operating costs and potential user 
fees. Location and distance have a strong effect on 
costs of provision. Downing and Gustely [4] estimated 
that the capital cost of piping for water, for sewage 
and storm drainage adds about $500 per household for 
every mile away from the central plants. (Cited in Slack 
[8]) The major difference is that these systems are not 
subject to users changing routes, which means that the 
computations required resemble those of the simple 
models presented above.

Snow plowing 

Northern cities face large snowplowing costs. The 
costs are roughly proportional to road distances 
and the benefits of plowing to property owners are 
in proportion to their road use. A fair allocation of 
municipal plowing costs would be the same as the 
allocation of road costs described above. Current 
practice subsidizes municipal sprawl for the same 
reasons that current road pricing does.

Garbage collection

Garbage collection costs are affected by neighbourhood 

should be used to deal with climate change and second 
that fuel taxes are a poor instrument for dealing with 
other issues in road finance. 

The problem of inter-community cost allocation could 
be partially solved with inter-community road-tolls. The 
Conference Board of Canada summarized conventional 
wisdom this way: “Economists seem to agree that 
we have the structure of road prices wrong, and that 
some form of road tolls, which vary by time and place, 
are part of the answer.” [5] Road tolls are a well-
known and successful approach for bridges and major 
highways, but difficult to apply to municipal roads. A 
road toll would be a corrective tax. It would encourage 
local employment and local shopping and discourage 
travel to central business districts and big box stores. 
The current system subsidizes travel to central business 
districts and big box stores, encourages long trips for 
jobs, and inhibits local employment. 

The best feature of road tolls is that the toll is applied 
to individual trips and is probably taken into account in 
trip planning, discouraging or diverting low-value trips 
and thereby improving economic efficiency. There is also 
an efficiency argument against road tolls. Any trip valued 
less that the road toll will not be taken. In the absence 
of congestion, however the economic cost of one more 
user approaches zero. Any benefit from trips not taken 
because of the toll is lost to society. On balance, a 
property tax that incorporated the correct cost allocation 
might be more efficient than a road toll in the long run. 

Tolls are generally unpopular, but it is possible if the 
charges were included in property taxes they would be 
noticed less, and would therefore be more politically 
acceptable. Road charges as a part of the property tax 
could be phased in over a number of years. Current 
traffic counting technology can provide sufficient data 
to allocate traffic costs to neighbourhoods. Emerging 
technologies will make the task much easier.
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Aggravating features of property taxation

Other distortionary features of the property tax 
system amplify the effect of financing roads out of 
a uniform property tax, producing still lower density 
development and increased sprawl. Under the Ontario 
Municipal Act, for example, “land” includes buildings 
for the purpose of property taxation, It has been 
shown many times [1] that taxing real property rather 
than site values reduces expenditure on construction 
and increases use of land. The overtaxation of 
industrial and commercial properties relative 
residential properties, a concession to the numerically 
dominant class of voters, reduces the cost of holding 
residential land relative to commercial or industrial 
land and also encourages sprawl.

Conclusions

A variety of municipal public finance and municipal 
servicing policies mis-price services, leading to 
misallocation and economic inefficiency due to sprawl. 
The policies that do this range from the basic structure 
of land taxation through uniform charges for services 
that vary in cost with distance, like roads, transit, 
water and sewerage, garbage collection and snow 
clearance, to gas and electricity pricing. 

Two approaches have been compared – charging for 
services and infrastructure by property value and 
charging according to use and cost as calculated 
using the Shapley value. The paper demonstrates that 
funding municipal infrastructure and services out of 
general revenues raised from the property tax distorts 
locational decisions, resulting in communities that are 
much more costly to operate, more environmentally 
damaging, and less habitable than necessary. In 
addition, simple calculations show that the current 
financing approach is unfair. 

density and distance to waste disposal sites. Since 
density generally declines toward the edges of 
communities, time costs of collection are likely to rise 
with distance from the centre. Paying for collection 
services out of general revenue means the service is 
charged on the basis of property value, which tends 
to decline as servicing costs increase. Again we see 
a systematic subsidy for outlying districts and a 
structural incentive for sprawl.

Transit

The argument employed in Section 3 has been deployed 
against uniform fares in public transit systems. 
Cervero [3] showed that short-haul and off-peak riders 
subsidize long-haul riders. Long-haul ridership was 
growing, he found, increasing the cost pressure on 
transit authorities while excess fares reduced short-
haul revenues. Uniform pricing not only subsidizes 
sprawl, but it may make public transit less affordable 
for municipalities and less available for the poor. 

When transit systems are subsidized out of general 
revenues the size of the subsidy for sprawl is larger but 
the principle is unchanged. Policy makers may adopt 
uniform transit fares believing they are being fair to 
peripheral residents [7] but most economists would 
argue income subsidies for the poor are preferable to 
systematically distorted prices for all. 

Fire services

The area served by a fire hall is a function of the 
acceptable response time. The population served at a 
given response time varies by population density. As 
a result fire protection costs are negatively associated 
with density. Property values, and therefore the 
contribution to fire protection services are positively 
associated with density. A variant of Figure 2 applies.
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Property tax differentiation based on the Shapley 
values calculated for the appropriate set of 
infrastructure and services would result in fairer and 
more efficient municipal finance in mid-sized Northern 
cities, and presumably the lessons extend to mid-
sized cities throughout the province. Implementing 
such a system would require a change in provincial 
legislation that enabled and required municipalities to 
move toward user costs for such services. The change 
would have to be introduced very gradually to avoid a 
tax revolt by those whose subsidies would be removed 
and because the subsidies have been capitalized into 
property values16. 

16. Current property owners on the fringes would experience both a tax 
increase and a property value decline. The magnitude of the effects 
would be something like 25% of the property tax bill. The capitalized 
value would be in tens of thousands of dollars. Properties with central 
locations would experience similar gains.

33

DAVID ROBINSON, LAURENTIAN UNIVERSITY



 
References

[1]  Skaburskis, Andrejs and Ray Tomalty. Value Taxation And Development 
Activity: The Reaction of Toronto and Ottawa Developers, Planners, and 
Municipal Finance Officials anadian Journal of Regional Science, p 401-417. 
1997.

[2]  Pamela Blais. Perverse Cities: Hidden Subsidies, Wonky Policy, and Urban 
Sprawl. UBC Press, 2011. 

[3]  Robert Cervero. “Flat versus differentiated transit pricing: What’s a fair 
fare?” In: Transportation 10.3 (1981), pp. 211–232.

[4]  Paul Downing and Richard Gustely. “Local Service Pricing Policies and 
their Effect on Urban Spatial Structure”. In: Chap. The Public Service Costs 
of Alternative Development Patterns: A Review of the Evidence. ed. Paul 
Downing. Vancouver: University of British Columbia Press, 1977.

[5]  Vijay Gill and John Lawson. Where the Rubber Meets the Road: How 
Much Motorists Pay for Road Infrastructure. Tech. rep. Conference Board of 
Canada, 2013. 

[6]  Sofia Grahn-Voorneveld. Sharing costs in Swedish road ownership 
associations. CTS Working Paper 2011:6. Stockholm: Centre for Transport 
Studies, 2011. 

[7]  Leonel Medellin. “Bus Transit Equity Among Demographic Groups: 
Considering Monetary and Travel Time Costs”. PhD thesis. College of 
Engineering and Mineral resources, West Virginia University, 2007. 

[8]  E. Slack. Municipal Finance and the Pattern of Urban Growth. 
Commentary 160. Toronto: C.D. Howe Institute, 2002.

[9]  S. H. Tijs and T. S. H. Driessen. “Game Theory and Cost Allocation 
Problems”. In: Management Science 32.8 (1986), pp. 1015–1028.

34

PROPERTY TAX DIFFERENTIATION BASED ON THE SHAPLEY VALUES: CORRECTING INEFFICIENCIES AND INEQUITIES


