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Introduction

Infrastructure providers face the challenge of serving development as the cost of
new capacity and connections rises.  While private sector utilities are required by law to
serve development in a timely fashion, the cost to the utility of new wires or pipes, or the
prices of additional generators or switches, is not a high-profile public concern.  Public
sector utilities (though seldom called utilities), on the other hand, often have more
flexibility in choosing whether to provide service, as local government can often refuse to
permit that development in the first place, at least for a time.  Government may also have
the power to impose special connection charges such as impact fees to defray their costs.

This paper examines the issues around monitoring of the capacity of public sector
infrastructure to absorb land development.  The presence of public infrastructure is
necessary to enable land to be developed at greater than rural densities.  Scarce
infrastructure will raise the cost of serviced land.  This paper will also provide guidance
on how and what to monitor.  The first direction concerns recognizing complexity of the
problem.  A community should not underestimate the challenge of establishing an
infrastructure monitoring program for land development.  Implementing a sound
monitoring system is a difficult (though not impossible) task.

Monitoring infrastructure capacity is at least as complex as monitoring urban land
markets.  For most types of infrastructure, "capacity" is a multi-dimensional bundle of
attributes that describe the quality of a service.  Capacity use is often compared against
level of service standards, which are as much a matter of policy and economics as
engineering.  Roads don't break if the demand exceeds "capacity," though travelers are
delayed.  Storm sewers may temporarily overflow at the cost of some minor (or major)
flooding, parks may become crowded, or rising student/teacher ratios may degrade the
quality of education.

Infrastructure capacity absorption depends on the location, timing, density, and
character of development as well as the underlying technology.  Functioning as a
component in an integrated network, infrastructure serves multiple uses.  Roads serve
multiple origins and destinations, buses, cars, bikes, and trucks, over daily cycles that
vary based on location.  Waste management systems track recycled, recyclable, reusable,
and other materials, and among the latter those which are hazardous, and need to be
separated and monitored.  The use of parks varies by time of day and by season, from
individuals to groups.  Water systems have a variety of quality metrics concerning levels
of chemicals and biological agents, levels that may vary depending on where in the
system they are measured and the ambient temperature.  Yet few communities monitor
infrastructure capacity in the context of development regulation, and planning literature
on the subject is nonexistent.

Communities often treat infrastructure planning in the capital improvement
process.  This process frequently operates independently of a community's master plan,
which may or may not specify where and when infrastructure should be deployed.  To
effectively ensure that development does not exceed infrastructure utilization standards,
capital improvement plans should be coupled with either an adequate public facilities
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requirement or a mechanism to ensure the community is compensated if utilization
exceeds standards.

Monitoring of infrastructure is best conceived as a process not a project.
Infrastructure systems are ongoing generators of data requiring day to day management.
Landfills charge based on the number of loads and their volume, traffic signals and ramp
meters are actuated dynamically by levels of traffic, the outflow from reservoirs and
inflow into sewage treatment are both observed.  All of these systems are modeled at a
greater or lesser degree of sophistication.  The same information that is (or should be)
collected for daily management and operations can be made available for longer term
planning, regulating, and budgeting decisions, albeit in a more aggregate and reduced
form.

Because of the author's background, this paper will often use examples from
transportation.  Transportation is perhaps the most complex infrastructure network that is
being monitored.  If we can solve the transportation measurement problem, the others
may fall out as simplifications of that solution.  Some examples will be drawn from
Montgomery County, Maryland (where the author formerly worked), which has gone
further in attempting to link capacity monitoring with development approvals than most
jurisdictions (Levinson 1997).1

There is an historical legal basis for government to monitor infrastructure capacity
predating the need to do it for monitoring land markets.  Examples include ensuring
adequate health and safety (can the fire truck reach a house in time?).  This paper begins
by offering two theories to justify monitoring infrastructure utilization for the purposes of
establishing development capacity.  This type of infrastructure monitoring is different in
its data requirements and analysis than traditional monitoring.  The first, drawn from
ecology is based on the notion of environmental carrying capacity.  The second, from
economics, employs the notion of externalities.  However, neither of these directly
translates to policy.

The pragmatic position of establishing measures of effectiveness is then raised.
These indicators must be situated within a decision framework.  Because of the local and
unique nature of projects, general rules will fail to provide efficient solutions.  Thus, a
more holistic evaluation framework is called for.  Finally, some uses of the infrastructure
capacity data in the context of land development are presented, with a focus on linking
the financing of infrastructure with development approvals.

Carrying Capacity

The relationship between development approvals and infrastructure capacity has
been considered for more than 20 years.  For instance, the Montgomery County Planning

                                                
1 The Montgomery County growth management system regulates the number of housing units and

jobs in each of the county's  "policy areas" to ensure that a total transportation level of service is met.
There are also tests to guarantee that other public services (in particular schools) also have adequate
infrastructure.  Two transportation tests drive the system, a broader policy area test, using a regional
transportation planning model, and a local area test ensuring intersections pass a level of service threshold.
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Department's 1977 report on Carrying Capacity and Growth Management established a
theory tying provision of public facilities to the timing of development approval.  The
ecological notion of “carrying capacity” was applied to the urban system as the
intellectual rationale for comprehensive growth management.  This rationale was
identified to maintain legal sustainability tying infrastructure and land development.  The
idea of carrying capacity enabled the move from “accommodation” to “management” of
growth.  The report also raised the notion that, because public facilities are often
indivisible, the provision of public facilities is chunky while private development is
smooth, which is shown in figure 1.  At some points in time, there will be a surplus of
public facilities, at other times a shortage, and for a few brief instances, they will be in
perfect balance.  This implies a “standard” for that public facility which is the carrying
capacity times a safety factor (for instance 90% of capacity).

Figure 1: Infrastructure and Development over Time under Carrying Capacity Theory
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While Meadows et al. (1977) argue that there is a carrying capacity for
environmental systems, and the world as a whole, that does not imply an underlying local
environmental carrying capacity in the range that is oft considered by communities.
Furthermore, local growth limits may be at odds with regional (or global) goals, forcing
more development into formerly exurban territories, transforming agricultural land into
development.  Although most suburbs may not wish to become as crowded as Manhattan,
survivability is hardly the question.  That level of crowding will simply require additional
infrastructure to maintain quality of life.

Is there a carrying capacity when it comes to transportation?  On a link (or
intersection) specific basis, there is obviously a service flow or capacity in vehicles per
hour beyond which queues form.  However, no link operates at, or even near capacity for
24 hours a day, and very few are close.  Rather, there may be an economically efficient
level of congestion, where the costs of delay to travelers are balanced by the costs of
added capacity.  Unfortunately, this efficient level of congestion cannot be established
empirically for a transportation network as a whole.  Instead, facilities need to be
evaluated separately.  Further, the static nature of the carrying capacity model ignores the
dynamics of human behavior.  As congestion becomes excessive, travelers switch time-
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of-day, mode, destination, activity sequence, and route, and in the longer term, vote with
their feet and move.

Externalities

The ecological notion of carrying capacity leads to a binary decision regarding
development: approve it if infrastructure capacity is available, deny it if capacity is
exceeded.  Economics deals more often with tradeoffs than binary choices, arguing for
monitoring and regulating the use of infrastructure by analyzing externalities.  Formally,
an externality is “a commodity bundle that is supplied by an economic agent to another
economic agent in the absence of any related economic transaction between the two
agents.  (Spulber 1989)” Externalities from development can be both positive and
negative.  As Coase (1992) notes, negative externalities arise from a lack of property
rights.  For instance, in our economy no individual owns the right to freeflowing traffic,
or even the right to use the roads.  Delay, pollution, crashes, and noise are among the
externalities arising from transportation.  Similarly, when education is a right, classrooms
that are more crowded and the reduced attention from teachers are an externality imposed
by an additional student on her classmates.  Where free water and sewer hookups are a
right, the costs of the construction of pipes are treatment plants are an externality
imposed by a new house on the community.

The positive externalities accruing to development are subtler to detect.  First are
the consumption externalities, the ability to spread the fixed cost of infrastructure over a
wider base of consumers.  Assuming that infrastructure is lumpy (comes in large discrete
packages), and that the development does not cause a new unit of infrastructure to be
constructed, then development may help spread the cost of the existing facility over a
broader population.  This is generally the case when infrastructure costs are comprised of
a large fixed cost and small or non-existent variable costs.  Under the proper financing
scheme, one that eliminates temporal free-riding, additional residents can prove a boon to
the existing population (Levinson 1999).

Second are network externalities (or agglomeration economies).  Development
increases accessibility, which may be translated into higher land values because
individuals find it valuable to have more job opportunities, shopping centers, or public
services closer to them.  Temporal proximity increases when transportation is faster, or
distances between activities are reduced as a result of higher densities.  Other network
externalities may appear in the classroom, when there are many students, it is possible to
offer more specialized classes geared to the abilities of the students involved.

The amount and distribution of net externality should be of concern to
communities.  Both positive and negative externalities should be weighed.

The economic analysis of negative externalities identifies two means for assessing
their impact: damage and prevention.  The prevention approach is used in locations like
Montgomery County, which requires (in principle) developers to prevent the negative
externality from manifesting by mitigation of trips (various trip reduction programs) or
adding capacity with new construction.  However, the cost of this mitigation or
construction may exceed the damage from the externality. This damage may be in terms
of delay in transportation, or health effects in the case of pollution.  In that case, both the
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developer and the community would be better off if the community were paid for the cost
of damage (negative externality) resulting from the development. If it is possible to
measure damage costs, that should be a component of the monitoring program.

Ideally, externalities would be assessed and corrected for at the point of creation,
the so-called "Polluter Pays Principle."  This would mean imposing a fee on the user of
the infrastructure directly, a fee proportionate to the amount of externality the user
generates.  An example of this would be direct, time-sensitive user fees for parks or road
pricing on streets.  Under certain conditions, this revenue would be sufficient to produce
an optimal (efficient) amount of infrastructure.  Unfortunately, this first best solution fails
in the absence of effective mechanisms to enforce exclusion.  Access to local streets by a
development is a right; and the means for enforcing congestion charges, much less
pollution charges, are not yet widely deployed.  Furthermore, the lumpy nature of local
investment implies discontinuities in the marginal cost function, creating serious equity
considerations.  Finally, there is no guarantee that the timing of the infrastructure is well
coordinated with the timing of the development.

So while "externalities" associated with the right to develop and new residents
demand for public facilities, and the absence of strong property rights for those facilities
underlie the rationale for development regulation, a conventional externalities solution
does not present itself.  Instead, second best solutions, regulating at the point of
development (right to access facilities) rather than the point of use are required.
Externality management is moved from operations time to planning time.

Measures of Effectiveness
Monitoring and regulating the use of infrastructure requires comparing utilization

against one or more measures of effectiveness (MOE) (Dahlgren 1998, Caltrans 1998, and
Cambridge Systematics 1996). Also called "performance indicators," some measures of
effectiveness may be aggregated by economists into "social welfare" and "individual
utility" or a "benefit cost ratio."  However, because of the uncertainty inherent in
predictions of the future, it is useful to track these disaggregated measures.  These go
beyond narrowly constructed measures to include multiple factors that describe both the
present state of the system and how well it is moving towards desired future goals.  For
instance, a company should be concerned not only with next quarter's profit, but also its
market share and customer satisfaction, which determine future profits.

Various system efficiency and equity criteria can comprise measures of
effectiveness.  Comparison of volume to capacity is one such measure, used in the
carrying capacity argument.  The argument in favor of using multiple MOEs is that, like
an individual, a complex system is serving multiple objectives simultaneously.  Just as a
doctor is concerned with more than body temperature, shouldn't an agency be monitoring
more than volume to capacity ratios?

These measures should quantify both system inputs and outputs, but also
outcomes.  An input is something that is consumed in order to produce a desired output,
for instance gasoline is an input to producing the output of a specific trip by a car
between points a and b.  An outcome (but not an output) of that trip might be noise or
delay for others.  The outcome can be reconceived as inputs (quiet and clean air are
inputs to transportation, which produces particular trips), the choice may be semantic.
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Nevertheless, these outcome inputs, which are not often considered as such, should be
quantified.

Dahlgren (1998) argues that "Performance measures should inform decisions.
They should:

· reveal problems, which can be thought of as opportunities for improvement
· facilitate judging and choosing among strategies to utilize these opportunities
· measure the actual performance of the chosen strategy

Thus they inform decisions regarding the overall level of resources to devote to
transportation, where to allocate these resources, and how best to use resources."

California (Caltrans 1998) developed a set of performance measures "to support
informed transportation decisions by public officials, operators, service providers, and
system users."  While not directly related to development capacity, developing the right
set of measures is a first step in relating the effects of land use on infrastructure.  The
California measures aim to support long range planning, capital improvement programs,
and "state of the system" reporting.  Each measure is defined in detail, discussed, and a
methodology for monitoring (and, where appropriate, forecasting) identified.  For each
measure, an example is presented applying the methodology.
Table 1: Desired Outcomes of the Transportation System
Outcome Candidate Measures
EFFECTIVENESS
AND EFFICIENCY
Mobility/
Accessibility

Travel Time,
Delay,
Access to Desired Locations,
Access to System

Reliability Variability of Travel Time
Cost-Effectiveness Benefit/Cost Ratio,

Outcome Benefit per Cost
RESPONSIBILITY
Sustainability Household Transportation Costs
Environmental Quality National and State Standards
Safety and Security Accident and Crime Rates
Equity Benefits per Income Group
Customer Satisfaction Customer Survey
Economic Well Being Final Demand

(Value of Transportation to the Economy)
source: Caltrans 1998
Similar to California, other states, including Minnesota, Texas, and Oregon also

have performance indicators.  Pickrell (1999) catalogs the process of developing
performance measures as well as a listing a slew of examples.  Another example is the
1993 Government Performance and Results Act, which required federal agencies to
develop measures for their programs, including annual goals and five-year goals.

A major problem with measures of effectiveness, however, is their fuzziness.
People and agencies excel at achieving a single well-defined goal.  Achieving multiple
goals, particularly non-complementary goals, is much more difficult.  Essentially, some
trade-off between those measures must be established.
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Another difficulty is the definition of the measures or indicators.  Many times,
measures have little bearing on the question at hand.  They may be macroscopic measures
included in the process of deciding microscopic changes (e.g. will gross state product
really change because of delay at a particular intersection or one more lane?).
Alternatively, they may just be measuring the wrong thing (will the state transportation
plan do much to affect the poverty level?).

A third issue is the problem of double counting.  In the California measures
discussed above, delay and travel time (or their reduction) would comprise the benefits
part of a benefit-cost ratio that they also hope to track.  A more systematic approach to
measuring the transportation benefits and costs (recognizing that safety and security,
pollution, etc. may be harder to combine) would alleviate this problem.

When defining a measure of effectiveness, there are two components, the positive
or descriptive element, which is thing being indicated (congestion level, delay,
accessibility) and a normative or evaluative element against which the measure is
benchmarked, the standard.  The standard is not strictly a goal; it is simply something
against which the measurement is compared.  A community may choose to regulate based
on the direction of improvement (all things equal, less delay is better than more delay;
less pollutants are better than more pollutants; more profit is better than less profit).  This
direction approach requires a baseline measurement and knowledge (or forecast) of what
the combination of infrastructure investment and development will do to the measure.
The baseline serves as a standard.

Attributes of Good Measures of Effectiveness

There are a number of attributes that I suggest help define good measures of
effectiveness for use in monitoring the utilization of infrastructure by development.  This
list is by no means definitive.  While the examples are drawn from transportation, it is
hoped that the rules can be applied to other types of infrastructure.

1. Measures should be collectively complete in that one could combine them to attain an
overall measure.  If the goal is providing good transportation service, a way to
combine measures for each of the alternative transportation should be found.  By
necessity, the method of combination will provide an implicit tradeoff between
measures.  This is clearly easier if they are in the same terms (e.g. person hours of
delay or accessibility).  However, a trade-off can be imposed even if they are not.
While this trade-off should be a clear policy decision, it need not be linear.  In an
example drawn from Montgomery County Maryland (Levinson 1997), the trade-off
was not established directly, but implicitly when setting a transit level of service
function.

Transportation LOS = Auto Share * Auto LOS + Transit Share * Transit LOS.

Where: LOS = Total Transportation Level of Service

Auto LOS = an area-wide congestion measure

Transit LOS = an accessibility measure (for non-Auto transportation)

Auto and Transit Share = mode shares, Sum to 1.0 .
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Often agencies, in a reductionist attempt to accomplish some goal, establish rules and
regulations that development must follow.  A community may want high quality
transportation, and so dictate that an intersection meets a particular critical lane
volume standard.  The developer is required as a condition of approval to add a turn
lane to the intersection.  This makes the roadbed wider; it is now harder for
pedestrians to cross the street.  While some transportation subgoals were achieved
(intersection congestion), others were worsened (pedestrian safety and comfort).  A
more comprehensive or holistic view may be more useful than rule creation.  While,
of course, this particular problem could be alleviated with even more conditions,
those conditions may introduce still more unintended difficulties.

2. Each measure should scale or aggregate well.  While it is desirable to measure and
store data at the most disaggregate level possible, it often needs to be aggregated to
make more macroscopic assessments.  For instance in transportation, travel time
aggregates easily (and understandably) from multiple links, but volume to capacity
ratios less so.  Measures that can be monetized aggregate well, but not all
performance indicators can be easily monetized.

3. The measure should align with user experience and be understood by those users
rather than being simply convenient for the system operator.  Generating public
confidence in the system is a requirement for its sustainability as policy.  Confidence
correlates with comprehension.  A user is unlikely to know what traffic density is, but
they know and can interpret delay.  Users may not understand a regional transit
accessibility index, but they can understand the number of jobs reachable by transit in
15, 30, or 45 minutes.

4. The performance indicator must be measurable, or calculable from available
(observable) data.  A performance indicator that cannot be measured is of use to no
one.  It is only a measure of effectiveness if it is actually measured.

5. The measure should be predictable, or able to be forecast, so that as the level of
development changes, variations in infrastructure utilization can be estimated.

6. It must be useful in a regulatory context.  A developer must be able to change his
behavior to prevent the worsening of the measure, develop some amelioration or
mitigation program, pay to remediate the problem, or compensate those who suffer
the worsening effects.

Three criteria are suggested (Caltrans 1998) for selecting measures of effectiveness

• It aids in identifying opportunities to increase the systemwide net benefits through
public investment in improvements or changes in management,

• It minimizes the cost to achieve necessary measurement accuracy, and

• It produces the right incentives.

Two other criteria also ought to be considered.  Infrastructure monitoring systems
should consider not only typical performance, but also the reliability of that performance.
Each variable has associated with it a mean and a variance.  Use of the full distribution of
data would improve not only management of the system, but also help align of the
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management system with user perception, as people remember exceptional days more
than the average.  One of the qualities of a system that should be measured is choice or
variety.  Most sets of measures only evaluate the choices selected, not the path not taken.
A quality we cherish in a free society is opportunity - how many different places can I
live, work, shop, recreate; how many different ways can I get there.  In a sense, this has
several purposes.  Alternatives reflect the robustness of the system; an infrastructure
system is less likely to fail the more different and separate components there are.  In
addition, alternatives indicate competition, which in the end leads to innovation.  The
value of non-chosen alternatives should be considered in a comprehensive assessment.

A Suggested Measure of Effectiveness for Transportation

While multiple measures of effectiveness ought to be included in a
comprehensive set of performance measures, at least one stands out as very useful for the
substantive transportation mobility/accessibility component.  Traditionally collected
transportation data, or model estimates, can be combined to estimate the change in
consumer's surplus resulting from a development.  Consumer's surplus,  detailed in
endnote 1, measures the difference between what an individual would be willing to pay
for a good (e.g. a trip) and what they actually pay.  This one measure is traditionally
suggested by economists for understanding social welfare.  While other measures may
also be useful for monitoring infrastructure, consumer's surplus should be privileged.
Consumer's surplus can be used to provide a complete measure, as it is additive across
modes.  Further, it aggregates well across traffic segments, so it can be used at different
scales on the transportation network.  A major concern might be how well it aligns with
user experience, but worsening congestion will be reflected in lower consumer's surplus.
It can be interpreted in monetary terms, which might be more readily explained to the
public.  It can be measured or estimated from available data, all that is required are
(actual or projected) traffic volumes and speeds for the following cases:

• Before Development, Before Infrastructure

• After Development, Before Infrastructure

• Before Development, After Infrastructure

• After Development, After Infrastructure.

It can also be measured separately for old and new traffic, which enables some equity
analysis to be conducted.

The measure is predictable as its components can be predicted from standard
traffic engineering techniques.  Its utility in a regulatory context has yet to be established,
though like other measures, mitigation measures are possible: for instance, a development
must ensure consumer's surplus does not worsen (or exceed a standard) for already
existing travelers.

Data Sources and Collection

Finding the available data and determining the appropriate measure of
effectiveness are a simultaneous problem.  A good measure requires available data, but if
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the data are unavailable, other measures should be chosen.  However, a measure may
suggest specific data to collect.  Each measure, of course, has different sources.
Infrastructure cost data can, like other types of data, be either monitored or predicted.
Monitored data comes from engineering studies of a particular project or set of
improvements.  Predicted data provides average and marginal costs for project yet to be
engineered.  This data is obtained by estimating a model of costs based on historical data.
Utilization data comes from observation of a system, or anticipation of use through
forecast tools.  In transportation, data that would be monitored regularly, for at least some
locations, includes traffic speeds, flows, and densities, traffic control parameters (green
and red time at signals, speed limits), transit boardings and alightings, and transit and toll
revenues.  Periodic travel behavior surveys are taken in metropolitan areas, which enable
the estimation of models, and the decennial census provides invaluable data about
demographics and work trip commutes.

For transportation facilities, very basic data, often already collected can be used to
measure the effectiveness of infrastructure capacity for development.  Similar principles
apply to other types of infrastructure.  The basic usage data is comprised of traffic flow
(ridership) and travel time on a segment and time-of-day specific basis.  The basic facility
data include: capacity, freeflow travel speed, and traffic signal plans.  Where the data is
not available (for instance travel times resulting from development that is not yet
approved) it can be forecast using basic transportation relationships of flow and capacity
(TRB 1994).  Similarly, future traffic flows can be estimated using data from trip
generation models (ITE 1997), which give estimates of the number of trips generated by
various types of development.
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Figure 2: Relationship between Traffic Flow, Capacity, and Travel Time on a Segment
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Use of Infrastructure Capacity Data

One of the primary uses for infrastructure capacity data is to regulate development
approvals.  Because once capacity is exceeded "life or death" situations seldom arise, the
costs and benefits of all alternatives should be compared.  In other words, standards ought
not to be absolutes.  This is illustrated below:

Development

Approve

Subsidy

Positive <=== 0  ===> Negative

Disapprove
outright

Infrastructure Build

No Build

A community can choose to build or not build infrastructure.  It can also choose to
encourage development (positive subsidy), approve development unconditionally (zero
subsidy), conditionally (negative subsidy, with some charge in dollar or in-kind terms), or
disapprove the development outright.  Each of those coupled [infrastructure construction,
development approval] decisions has a net payoff that can then be compared in a
benefit/cost framework.  Alternatively, since the benefit, in terms of a typical
performance indicator, is not always easily monetized, a cost-effectiveness measure
might be useful instead of a benefit cost measure.  Cost-effectiveness considers the
cheapest way to attain a particular goal (e.g. a numeric value of a measure of
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effectiveness), rather than measuring the benefit as such. An example is given in endnote
2.

Now that we know what kind of decision we want to make on the appropriate
charge for a development, we need at least several different costs.  First, we need the
engineering cost of constructing enough infrastructure to accommodate the development
(where accommodate means keeping the performance indicators (collectively) from
worsening).  The costs of the infrastructure for a single facility are (relatively)
straightforward to estimate once a design is proposed, and are done so routinely.

It may not be efficient to conduct engineering estimates associated with each
individual project; rather a more general relationship is desirable.  A cost function relates
the total cost of infrastructure (i.e. for multiple facilities, e.g. for a network) to the total
amount of development, and is necessary to implement average cost pricing or marginal
cost pricing in a jurisdiction.  Development of a cost function however may be more
complicated.  A jurisdiction wants this knowledge if it deals with a great deal of common
and joint costs and shared use of infrastructure between multiple developments; that is,
the use of a facility is not easily attributable to a single project.

The cost of physical accommodation is one estimate of prevention.  Other
estimates of prevention may include demand side management measures (trip reduction
or traffic mitigation programs) (Ferguson 1990).  The weaknesses of these approaches are
that they are programmatic, providing less certainty than pouring concrete.

Estimates of the costs of simply tolerating the worsening performance measures
are infrequently made in development regulation.  Rarely are the costs of negative (and
positive) externalities tracked.  Yet, these are conventionally calculated in project
planning studies for major infrastructure.

Traditional site impact analysis for transportation, computes the additional
number of vehicles on adjacent streets and intersections, the critical lane volumes at those
intersections, and compares those against a level of service standard (MCPD 1999).  If
the forecast volume (with development) does not exceed the standard, everything is fine.
However, if the standard is exceeded, the developer must propose remediation in the
form of new infrastructure.  All of the data that is used for this conventional capacity
analysis can also be used to estimate intersection delay.  If existing and future flows,
roadway geometrics, and signal timing plans are known, then delay can be estimated
using techniques such as those in the Highway Capacity Manual (Transportation
Research Board 1994).  The change in delay from before and after the development,
multiplied by a value of time gives a first order economic estimate of the damage costs.

The damage costs of other externalities and for other types of infrastructure may
be harder to compute.  However, they can be identified and approximated, so that as the
ability to monitor them becomes easier, improved estimates are rolled into a steadily
improving monitoring process.

The positive impacts of development are often ignored in the growth management
and development regulation literature.  However, they comprise a central component in
the promotion work of economic development agencies.  Whether benefits should include
things such as increases in the tax base (which is a transfer, but may be a transfer to a
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locality) are issues that can't be addressed in this paper, but should still be considered.
Often the regulators and promoters work at cross-purposes.  Yet, an integrated analysis of
the net positive benefits and negative costs would be appropriate from a public policy
standpoint.  If the positive does outweigh the negative, and there is spatial competition
between jurisdictions, it is perfectly rational (locally) to provide a subsidy for the
development.  But that can't be known without some form of analysis.

The community undertakes the second best approach for dealing with externalities
by regulating development to recover one (or a combination) of:

• The cost of infrastructure required to maintain the performance indicators (either
collectively as an overall measure, or each indicator individually) at a priori levels,

• The cost of demand and supply management measures to reduce demand to maintain
the performance measures (which may be appropriate for some types of
infrastructure: sanitation, water use, transportation; but not others: schools), and

• The cost to the community of worsening the performance indicators in the absence of
the infrastructure.

While development regulation is an important use of infrastructure capacity data,
there are others.  This data can be used to aid forecasting the amount of land that can be
developed under different infrastructure scenarios.  It can also be used to ascertain the
level of excess infrastructure capacity that the community has provided, which serves as
an indicator of how much development can proceed without constructing new
infrastructure.

Conclusions

A community which has the political mandate to monitor (and ultimately
regulate) development's utilization of infrastructure needs to establish a regulatory
approach.  This approach will depend on what is being measured and how, and against
what the measurement is compared.  These measurements require both data collection
and forecasting capabilities.  These capabilities must be open to peer review and public
scrutiny to maintain scientific credibility.  Moreover, to keep the regulatory system in
place, it must be tied to a system that does not simply say "yes" or "no"; but rather says
"how" a development might proceed.  The "how" must answer how much in impact fees,
development exactions, payments-in-kind, or proffers must be offered in return for
development approval.  Conversely, a development with more positive spillovers than
costs may warrant a subsidy.

All the great efforts to create and maintain a monitoring system will be quickly
undone if they do not lead to implementation in a regulatory system.  What an agency
regulates is what it will monitor.  Decisions are the ends for those paying to perform
infrastructure use monitoring.  Without that motivation, monitoring is another under-
funded research effort that local governments are loath to sponsor.  In order to be most
successful, monitoring leads not only to regulation, but also to a financing process for the
infrastructure required.
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End Notes

1.   Consumer's Surplus
We can model the effect of land development and new transportation

infrastructure as shifting both the supply and demand curves for travel.  However, if both
the demand and supply curves shift, travel time may rise or fall.  The change depends on
the magnitude of the demand shift relative to its intercept with the new supply curve.

As illustrated in Figure E-1, we can represent new infrastructure lowering the
expected travel time by moving the supply curve.  Because the average travel time
between two points connected by multiple routes (called the supply curve from now on)
moves downward from SU to SI  as infrastructure is added, there is movement along the
original (pre-development travelers’) demand curve (DU). The magnitude of the increase
is constrained by the time savings.  We show the effect of development by shifting the
demand curve upward (from DU to DA or DB), reflecting a higher quality of service.

The demand curve for travelers from the development can shift a relatively small
amount (represented by DA on the graph) or a relatively large amount (DB).  If it shifts a
small amount, there will be a small increase in demand (to QA) and a decrease in the
average travel time (from TU to TA).  If the demand curve shifts a large amount (DB),
there will be a larger increase in demand (to QB) and an increase in the average travel
time (from TU to TB).

The benefits/costs can be broken into two groups:
• benefits accruing to “old” trips (QU)
• benefits accruing to “new” trips (QA-QU) or (QB-QU)

There are three parts to the benefits.  In the case of a small shift in the demand
curve, we see first, benefits to "old trips" (users who were traveling before development
and infrastructure were added and the supply and demand curves were shifted) resulting
from a reduction in travel time, (Area TAjiTU , the area between the old and new travel
times).  Second, benefits to old trips resulting from an increased willingness to pay for
the same trip due to the improved quality of the trip (Area zihy, the area between the
demand curves).  These benefits are hard to measure, as the demand curve isn’t generally
well specified far away from equilibrium.  Third is the benefits to new trips, (Area jlh).

The benefits with infrastructure and a large shift of the demand curve, are
somewhat more complicated.  In this case, there is a loss to old travelers due to the
increase in travel costs, shown by Area TUigTB, the rectangle between TU and TB.  Those
old travelers also gain because trips are more reliable, shown by Area yegfx between the
original and new demand curves. There are also gains to new trips, shown by the triangle,
Area gkf, between QU and QB.
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Figure E-1: Shifting Supply and Demand for Travel with Development and
Infrastructure Improvements
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End Note 2: An Example of Benefit Cost Comparisons

Suppose a development comes along which requires construction of a bridge,
which will serve that development as well as existing residents, at a cost of $1,000,000.
The benefit to existing residents is $800,000 if the bridge is constructed (regardless if the
development is approved).  If the development occurs in the absence of the bridge, other
roads will be congested, resulting in a $400,000 loss.

Existing Community Net Present Value of Development

Development

Approve Approve Disapprove

unconditionally w/construction outright

Infrastructure Build -$200,000 $800,000 -$200,000

No Build -$400,000 -$400,000 0

If the development must build the bridge to be approved, the community benefits
by $800,000.  If the community builds the bridge without development, it spends
$1,000,000 and gains $800,000, resulting in a net loss of $200,000.  If nothing happens,
the net present value is 0.  Clearly the community is better off in this case if the bridge is
built without subsidy.
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In this particular case, a subsidy of up to $800,000 for the development cum
bridge is potentially justifiable by the community, as that will still result in a better
situation than the other cases.  If the development is profitable even after constructing the
bridge, perhaps even more can be required of the development.  The final (negotiated)
solution falls between the negative subsidy value of zero profits for the developer and an
$800,000 subsidy by the community, the actual solution depending on the bargaining
power of each side.
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