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Abstract

This paper surveys the literature on the pricing of environmental external-
ities and discusses its application to proposed oil pipeline projects. There are
different types of environmental externalities associated with oil pipelines:
those innate to the construction and operation of the pipeline itself, and those
arising from either upstream extraction or downstream refining of the crude
oil. This survey highlights such differences and their efficiency implications.
The presence of the externalities also gives rise to potentially severe holdup
problems in the right-of-way bargaining process for a proposed pipeline
project. This survey discusses the applicability of alternative mechanisms in
the literature that may help ameliorate these holdup problems.
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1 Introduction

In the past decade, there have been dramatic changes in the Canadian oil markets,
and most prominently, in Alberta. Oil sands production has grown steadily, and
new technologies such as horizontal drilling and hydraulic fracturing have made it
economical to extract oil from tight formations that were previously unproductive.
As seen in Figure 1,1 crude oil production in Canada reached 3.4 MMb/d in 2012,
and is further projected to reach 5.8 MMb/d by 2035.

Figure 1: Total Canadian Crude Oil and Equivalent Production, Reference Case.
Source: NEB (2013).

The vast majority of crude oil production originates in western Canada, away
from population centers in other parts of Canada and the U.S. Thus, crude oil
needs to be transported from its place of production to places of refining and final
consumption, as shown in Figure 2.2

1Reproduced from Figure 5.1 of NEB (2013). The original document is available at
the NEB website http://www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/nrgyrprt/nrgyftr/
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ENERGY MARKET ASSESSMENT2

SUPPLY AND DISPOSITION OF 
CANADIAN OIL AND NATURAL GAS
In 2012, Canada produced over 537 000 cubic meters per day (m3/d) or 3.38 million barrels per day 
(MMb/d) of crude oil, most of which was shipped via pipeline from western provinces to markets in 
other provinces or the U.S. (See Figure 2.1)

Canadian natural gas production averaged almost 400 million m3/d or 13.9 billion cubic feet per 
day (Bcf/d). The vast majority originated in Western Canada and was transported by pipelines to 
consumers in other parts of Canada and the U.S. as shown in Figure 2.2.
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Figure 2: 2012 Supply and Disposition of Canadian Crude Oil. Source: NEB
(2014).

However, the steady increase in crude oil production has not been matched
with a similar increase in pipeline transportation capacity. Existing pipelines are
generally full and face an increasing likelihood of apportionment, forcing shippers

2013/nrgftr2013-eng.html, last accessed on September 3rd, 2014.
2Reproduced from Figure 2.1 of NEB (2014). The original document is available at the

NEB website http://www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/nrgyrprt/trnsprttn/

2014trnsprttnssssmnt/2014trnsprttnssssmnt-eng.html, last accessed on September 3rd,
2014.
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to cut down the shipping volume due to capacity constraints. At the same time,
proposals of new pipeline projects have experienced delays at various stages of the
regulatory approval process.

Some of the regulatory delays seem to surprise both market participants and
the regulators. For example, up to 2009, the National Energy Board—the federal
regulatory authority that regulates inter-provincial oil pipelines in Canada and
cross-border oil pipelines with the U.S.—appeared optimistic about the prospect of
new pipeline capacity and concluded in NEB (2009) that “Capacity remained tight
on oil pipelines in 2008, but additional capacity nearing completion is expected
to alleviate current constraints.” More specifically, as of May 2009, there were
four NEB regulated oil pipeline projects that had been either recently approved or
applied for to ship crude oil out of western Canada, as summarized in Table 1.3

from western Canada to the U.S. Gulf Coast.  As a result of its open season, Keystone received 
shipping commitments on the Keystone XL totaling 60 400 m3/d (380 Mb/d) with an average term of 
17 years.

Table 2.3 summarizes recently approved and currently applied for (at the time of writing, May 2009) 
NEB regulated oil pipeline projects to deliver oil out of western Canada. 

While 2008 saw continuing declines in Canadian conventional natural gas supplies, the magnitude 
of U.S. natural gas production growth was unexpected, particularly from unconventional sources 
including shale gas.  Consequently, increasing attention is being focused on large potential shale gas 
resources in several areas of Canada, including Quebec, Alberta and B.C.  While positive exploration 
results were seen in all of these areas, only the Montney Formation of British Columbia has been 
producing significant amounts of shale gas.  

As a result of the success of shale gas exploration and production, the Board has received recent 
applications for new pipelines seeking to gather natural gas from producing and prospective Montney 
areas of British Columbia, as well as from other gas producing formations nearby.  These pipelines 
would connect with existing pipeline infrastructure in Alberta.  Hearings for the Spectra Energy 
Transmission South Peace Pipeline and the SemCAMS Redwillow ULC Redwillow Pipeline took 
place in 2008.  The Board approved the South Peace Pipeline in November 2008 and the Redwillow 
Pipeline in March 2009.  

On the east coast of Canada, EnCana Corporation began preparations for the Deep Panuke pipeline 
project that will bring gas from offshore Nova Scotia to Goldboro, Nova Scotia.  In New Brunswick, 
construction of the Emera Brunswick Pipeline, designed to connect the Canaport LNG terminal to 
the M&NP Mainline, was completed and became available for service in January 2009.  Right-of-way 
clean up and restoration activities will take place during the summer of 2009.

In February 2009, the Board approved TransCanada’s 2008 application for federal regulation of its 
Alberta System (NGTL).  Previously, NGTL was provincially regulated by the Alberta Utilities 
Commission in conjunction with the Energy Resources Conservation Board.  Following GiC approval 
of the certificate, the Board assumed jurisdiction over the 23 000 km pipeline network on 29 April 
2009. 

Table 1: Canadian Oil Pipeline Projects, as of May 2009. Source: NEB (2009)

The tone of the NEB changed quickly in just a few years. NEB (2014) con-
cluded that “Some oil and petroleum products pipelines had spare capacity; how-
ever, overall capacity out of Canada was constrained as indicated by significant
apportionment on the Enbridge and Trans Mountain systems. ... Oil pipeline

3Reproduced from Table 2.3 of NEB (2009). The original document is available at the
NEB website http://www.neb-one.gc.ca/clf-nsi/archives/rnrgynfmtn/nrgyrprt/

trnsprttn/trnsprttnssssmnt2009/trnsprttnssssmnt2009-eng.html, last accessed on
September 3rd, 2014.
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capacity has recently been added out of Western Canada; however, constraints
on connecting pipelines and capacity reductions on major lines limited capacity
from 2010 to 2013.” One prominent example of significant regulatory delays is
the Keystone XL project. It was expected to provide new oil pipeline capacity
beginning in 2012, but is still awaiting a final U.S. government decision at the time
of writing.4

It is thus important to understand the cause of these regulatory delays and the
potential remedies. Here we focus on the delays caused by environmental concerns
associated with a proposed project. On the one hand, a pipeline company would not
make a proposal unless the project under concern is deemed sufficiently profitable
on expectation, that is, taking into account many different scenarios of future
market conditions. So from the private perspective, the benefits outweigh the costs.
On the other hand, strong oppositions to the proposed project suggests that other
parties may be harmed as a result without receiving proper compensations for the
harm, i.e., negative externalities. Thus, from the social perspective, it is important
to answer the following questions: What are the main environmental externalities
associated with a pipeline project? How can we properly value these externalities,
even when there are no explicit markets for them? With these externalities, how
does the right-of-way bargaining process affect the final regulatory outcome? This
paper surveys the different literatures that are relevant and useful for understanding
these issues. The rest of the paper is organized as follows.

First, we consider environmental externalities that are intrinsic to the construc-
tion and operation of a proposed pipeline project, e.g., impact on air quality, water
quality, noise level, oil leak and spill, wildlife habitat loss, etc. Even though there
are no explicit markets for these externalities, their values can be indirectly mea-
sured using econometric approaches. The econometric approaches, under certain
assumptions, estimate individuals’ marginal willingness to pay (MWTP) for certain
characteristics using real estate market transaction data. This literature is generally
called the hedonic pricing model, and we survey this literature in Section 2.

4http://www.theglobeandmail.com/report-on-business/industry-news/

energy-and-resources/us-once-again-delays-decision-on-keystone-xl-

pipeline/article18066497/, last accessed on June 10, 2014.
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Second, we consider externalities that arise from upstream production and
downstream refining and consumption, instead of the pipeline transportation itself.
For example, one prominent argument against oil pipelines out of Alberta is that it
encourages oil sands development, which is thought to contribute more heavily to
greenhouse gas (GHG) emission compared to conventional light sweet crude oil.
Here we urge caution in the attempt to leverage the blocking of pipeline projects to
deter oil sands development, as this approach can lead to unintended consequences.
The blocking of new pipeline projects, when existing pipelines are full, distorts the
relative price among alternative transportation methods. As currently evidenced in
Canada and the U.S., rail transportation of crude oil—though less efficient, less
economical, and less reliable—has seen a multifold increase in light of the current
pipeline capacity constraints. We survey this literature in Section 3.

Finally, the presence of negative externalities gives rise to the “holdup” problem
when a pipeline company acquires the right-of-way from multiple independent
landowners. All interested parties along the entire route of a proposed project can
intervene in the regulatory approval process. The strategic considerations of these
parties lead to potentially severe holdup problems, which in turn lead to socially
inefficient outcomes. There are alternative mechanisms that may ameliorate the
holdup problems. We survey this literature in Section 4. Section 5 is the conclusion.

2 Pipeline innate externalities

The construction and operation of an oil pipeline project may have environmental
impact on air quality, water quality, noise level, contamination in case of oil leak
or spill, wildlife habitat loss, etc. In general there are no explicit markets for these
attributes, so the economic magnitude of such environmental impact cannot be
directly measured. However, there are indirect approaches to measure the value
individuals attach to these attributes, when property rights are well defined. The
widely used econometric approach is the hedonic pricing model.

So what is the hedonic pricing model? Rosen (1974) established the connection
between the observed market price for a given product—which can be considered as
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a bundle of different attributes—and a set of implicit or “hedonic” prices associated
with the specific amounts of the attributes contained within the product. For
example, a particular house in a neighborhood can be characterized by a bundle of
many attributes: attributes of the house itself(e.g., lot size, number of bedrooms and
bathrooms, building age, building style, etc), attributes of the neighborhood(e.g.,
socioeconomic background, racial composition, average education level, school
quality, crime rate, etc), proximity to local amenities or disamenities(e.g., schools,
parks, waterfront, power plants, underground storage tanks, pipelines, etc), just
to name a few. With sufficient data on the prices of houses and their associated
attributes, regression analysis can be used to determine to what extent each of
the attributes affects the house price. Under certain assumptions, the resulting
coefficients can be interpreted as individuals’ marginal willingness to pay (MWTP)
for an additional unit of each of the attributes respectively, i.e., the hedonic prices.

2.1 Pricing specific environmental attributes

This literature is vast and includes applications dealing with many environmental
considerations. One strand focuses directly on the impact of specific environmental
attributes, such as air quality, water quality, and noise level, etc., on housing values.

When applied to air quality, Ridker and Henning (1967) use data from the St.
Louis Metropolitan area in 1960 for estimation. They estimate that the value of
a single-family property would increase by $245 for a one unit reduction in the
sulfation level in the air,5 and the total increase in property values for the St. Louis
metropolitan area could reach $83 million. Harrison and Rubinfeld (1978) use
data for the Boston metropolitan area. They find that the marginal air pollution
damages, instead of being constant, increase with both the level of air pollution and
the level of household income. Smith and Huang (1995) perform a meta-analysis
of the hedonic property value models developed between 1967 and 1988. They
compare the estimates from thirty-seven studies for the marginal willingness to pay
(MWTP) for reductions in air pollution. They find that mean MWTP is nearly five

5One unit corresponds to 0.25 mg. of SO3/100 cm2 per day.
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times the median ($109.9 vs. $22.4) for a one-unit (in micrograms per cubic meter)
reduction in total suspended particulates (TSPs). Furthermore, there is a consistent
relationship between these MWTP measures and the level of air pollution in each
city, as well as the average income of its residents at the time of the study. Chay and
Greenstone (2005) focus on the effect of the Clean Air Act Amendments (CAAAs)
that impose strict regulations on polluters in “nonattainment” counties, which
are defined by concentrations of total suspended particulates (TSPs) exceeding a
federally set ceiling. TSPs nonattainment status is associated with large reductions
in TSPs pollution. They estimate the elasticity of housing values with respect
to (TSPs) to be from −0.20 to −0.35, and further calculate that the air quality
improvements induced by the mid-1970s TSPs nonattainment designation are
associated with a $45 billion aggregate increase in housing values in nonattainment
counties between 1970 and 1980.

When applied to water quality, Leggett and Bockstael (2000) find a significant
impact of water quality on property values along the Chesapeake Bay. With their
estimates, they calculate that if the water quality were improved to meet the state
standard, the 95% confidence interval of the aggregate benefits ranges from $3.8
to $20.5 million for the 494 affected water front properties. Walsh et al. (2011)
use property sales data around 146 monitored lakes in Orange County (Orlando),
Florida to estimate how water quality affects both the waterfront and nonwaterfront
properties. Their findings show that aggregate benefits to nonwaterfront homes may
dominate those realized by waterfront homeowners, so any cost-benefit analysis
restricting the analysis to waterfront homes alone would understate the value of
water quality improvements for the surrounding community.

When applied to noise level, Day et al. (2007) use residential property trans-
action data for Birmingham, UK to estimate the impact from different sources of
transport-related noise. They find that a 1 dB increase in road traffic noise reduces
the selling price of a property by between 0.18% and 0.55%, while the impact
from rail noise is 0.67%. Andersson et al. (2010) use a Swedish dataset to estimate
the effect of road and railway noise on property prices. They find that road noise
has a larger negative impact on the property prices than railway noise, and a 1
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dB increase in road and railway noise leads to a decrease in property prices of
1.4% and 0.5%, respectively. Furthermore, the marginal damage is even higher for
properties with high noise levels.

The construction and continued operation of an oil transportation pipeline may
negatively affect the air quality, water quality, noise level, etc. along its route.
These externalities, if present, need to be properly taken into account by regulators
to determine whether a proposed project is socially efficient, or “in the public
interest”. The hedonic pricing model is a useful tool to quantify the marginal
damages associated with these externalities, as illustrated above.

2.2 Pricing environmental disamenities

Sometimes it is difficult to measure the specific environmental attributes associated
with an environmental disamenity individually. Another strand of the literature
thus focuses on the impact of proximity to the disamenity—which can be viewed
as a bundle of many attributes—on housing values.

For example, when the hedonic pricing model is applied to the U.S. Superfund
sites, where hazardous waste sites were put on the National Priorities List (NPL)
and subsequently cleaned up with the Superfund, Kiel and Williams (2007) find
that not all Superfund sites suffer the stigma of being on the NPL. While some
sites experienced the negative impact, other sites experienced either no impact
or a positive impact on local property values. Using a meta-analysis approach,
they find larger sites with fewer blue-collar workers are more likely to experience
the negative impact. Greenstone and Gallagher (2008) compare housing market
outcomes in Superfund sites to those that narrowly missed qualifying for these
cleanups. They find only economically small and statistically insignificant changes
in residential property values. Their estimates suggest that the local benefits of
Superfund cleanups are small and substantially lower than the $43 million average
cost of Superfund cleanups.

When applied to electricity power plants, Davis (2011) uses the U.S. census
microdata for estimation. He finds that neighborhoods within 2 miles of power
plants experienced 3%−7% decreases in housing values and rents, compared to
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neighborhoods with similar housing and demographic characteristics. Furthermore,
he also finds evidence of taste-based sorting, with neighborhoods near power plants
having small decreases in the average household income, educational attainment,
and the proportion of owner-occupation.

When applied to local oil and natural gas facilities, Boxall et al. (2005) examine
their impact on rural residential property values. They find property values to be
significantly affected by oil and sour gas facilities located within 4 km of rural
residential properties.

When applied to leaking underground storage tanks (LUSTs), Zabel and
Guignet (2012) estimate the impact of leaking petroleum on housing values using
home sales data in three counties of Maryland. They find that while typical LUSTs
do not significantly affect nearby property values, more publicized and more severe
sites can decrease surrounding home values by more than 10%.

Interestingly, Hansen et al. (2006) utilize a major pipeline accident in a residen-
tial area of Bellingham, Washington to examine the impact of pipelines and major
pipeline accidents on housing values. There are two major transmission pipelines
running through residential neighborhoods in the city. The Olympic pipeline trans-
ports refined petroleum and experienced a major accident in 1999, and the Trans
Mountain pipeline transports crude oil and has remained accident-free. In the
absence of a highly-publicized event, they find no evidence that either of the two
pipelines had an effect on sales price of properties located nearby. On the other
hand, estimating the same model for a 5-year time period after the accident, there
is a significant, negative effect of proximity to the Olympic pipeline. The nega-
tive impact on sales price diminishes rather quickly as distance from the pipeline
increases: it is $9,613 (4.6%) for a property located 50 feet away, $4,863 for a
property 100 feet away, $2,446 for a property 200 feet away, and $491 dollars
for a property 1000 feet away. The negative price impact also diminishes over
time since the accident. At the same time, proximity to the accident-free Trans
Mountain pipeline remains insignificant.

A proposed oil pipeline that runs through a residential area can be viewed as
adding an environmental disamenity to the area. As illustrated above, while some
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disamenities have a negative impact on housing values, others appear to have little
or no impact at all. Therefore, each particular case needs to be analyzed with
its own data. The hedonic pricing model remains a generally applicable tool to
quantify the damages associated with an environmental disamenity.

2.3 Lacking well defined property rights

The hedonic pricing models rely critically on market transaction data to uncover
the implicit prices for environmental attributes, which in turn relies on well defined
property rights. This method is no longer applicable if there is no market transaction
data, and in particular, if the lack of transaction data is due to lack of well defined
property rights.

Well defined property rights—in this case, over a piece of land—give the owner
the rights to claim the value the land generates, to control the land and decide on
its uses, to exclude others from using the land, and to transfer the above rights to
another person. These are necessary conditions for market transactions to happen,
where the owner is entitled to receiving compensation for giving up some (e.g.,
easement) or all (e.g., outright sale) of his property rights. Without well defined
property rights, the legal status becomes murky as to whether affected parties are
entitled to receiving compensation for the negative environmental impact caused
by the proposed pipeline project, and how much they are entitled to.

This is a prominent factor in oil pipeline proposals that affect First Nations. For
example, in the Northern Gateway project, many First Nations in B.C. that oppose
this project—citing concerns that oil pipelines built in the area could threaten
bear, moose and salmon populations—have not signed treaty or comprehensive
land claims with the Canadian government and provincial governments.6 Similar
concerns also arise in the Trans Mountain expansion project.7 Whether and how
aboriginal rights can be protected from negative environmental externalities caused

6http://www.theglobeandmail.com/report-on-business/industry-news/

energy-and-resources/northern-gateway-a-pipeline-battle-thats-only-just-

begun/article18933394/?page=all, last accessed on June 10, 2014.
7http://www.cbc.ca/news/canada/british-columbia/b-c-first-nation-takes-

trans-mountain-expansion-to-court-1.1415276, last accessed on September 4, 2014.
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by a proposed pipeline project is outside the scope of economics and can only be
determined in the court.

3 Upstream and downstream externalities

Another category of externalities—often used by opposing environmental groups
to a pipeline proposal—is not directly related to the construction and operation of
the pipeline project per se. Instead they arise from either upstream production or
downstream refining and consumption. Given the vertical nature of the oil industry,
one may be tempted to block pipeline proposals as a surrogate battle for fighting
the upstream and downstream externalities. However, one needs to be cautioned
that such a surrogate battle may lead to severe unintended consequences.

For example, a prominent argument against the Keystone XL project is that it
encourages further oil sands development in Alberta, which arguably contributes
to significant greenhouse gas (GHG) emissions and hence climate change. The
concern for GHG emissions as environmental externalities is a valid point, since
currently GHG emission is still largely priced at zero. However, economic theory
suggests that creating a market failure in the hope of addressing another market
failure often leads to serious unintended consequences. In the case of oil sands
development, GHG emission is mainly a result of upstream extraction and down-
stream refining and consumption, instead of pipeline transportation itself. In a
simplistic world where oil pipelines were the only means of transportation, block-
ing new pipeline proposals would indeed put a cap on the total bitumen extraction
and hence consumption, thus effectively preventing additional GHG emission.
However, in a realistic world with competing transportation modes, the opposite
could be true due to many levels of substitutions.

3.1 Transportation substitution

Over long distances, pipelines are the most economical, energy efficient, and safe
means for transporting oil, both within a country and across countries (Dey et al.,
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1996). Pipeline capacity constraints lead to oil price differentials (between the
place of production and the destination) that are larger than the cost of pipeline
transportation. Furthermore, more severe capacity constraints lead to larger price
differentials.

For example, the West Texas Intermediate (WTI) oil price (considered the
North American benchmark), is determined at Cushing, Oklahoma where many oil
pipelines interconnect. As can be seen in Figure 3,8 prior to 2011, WTI closely
tracked international oil prices such as Brent (the European benchmark). Increased
production since 2011 leads to capacity constraints on the pipelines that ship crude
oil out from the mid-continent. As a result, WTI became discounted relative to
Brent. For heavy crude oil in Canada, the benchmark price Western Canadian Select
(WCS) traded below WTI from 2007 to 2010, with the price differential reflecting
both the transportation costs and the lower quality of WCS compared to WTI crude.
Again due to pipeline capacity constraints, the price differential between WCS and
WTI increased from 2011 onward. The increased price differentials create room
for less efficient and less economical transportation methods.

Figure 3: Benchmark Oil Prices. Source: NEB (2013).

8Reproduced from Figure 2.5 of NEB (2013).
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When the price differentials are sufficiently high to cover the rail costs (roughly
double or triple the pipeline tolls), rail transportation is a ready substitute for
pipelines. Adding new loading facilities to the existing railroad system allows oil
to be transported almost everywhere in North America. Indeed oil shippers are
increasingly relying on rail transportation in light of pipeline capacity constraints.
For example, in the U.S., rail transportation plays an important role in the rapid
growth of shale and tight oil production. Oil production in North Dakota’s Bakken
oil play increased from an average of 171 Mb/d in 2008 to average 664 Mb/d in
2012. Over the same period, rail loading capacity grew by 630 Mb/d, far out-pacing
pipeline capacity, which grew by 191 Mb/d. In Canada, rail transportation of oil
grew from approximately 3,000 cars at the beginning of 2012 to 8,000 by the end
of 2012.9

However, reliance on rail transportation instead of pipeline transportation leads
to an increase rather than decrease in the GHG emissions. The increase can be quite
significant. For example, when assessing the impact of the proposed Keystone
XL project, the State Department of the US finds that annual GHG emissions
can increase by 28−42% when rail is considered to partially or entirely replace
pipeline for the transportation of crude oil from WCS to the Gulf coast.10

Not only is rail transportation less energy efficient and less economical,arguably
it is also less safe than pipelines. Historical data from the past decade show that
rail transportation is associated with significantly higher likelihood of accidents
that result in injuries and fatalities for the same amount of ton-miles transportation,
as shown in Figure 4.11

Furthermore, rail transportation is associated with a higher number of reported
releases than pipeline, even though this is partly offset by the smaller number of
barrels released per incident due to the limited volume contained in individual
railcars. Again, in the Keystone XL project for example, the State Department

9NEB (2013).
10USDOS (2014), Table ES-6.
11Reproduced from Figure 5.3.3-3 of USDOS (2014). The original document is available

at http://keystonepipeline-xl.state.gov/finalseis/, last accessed on September 5,
2014.
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Figure 4: Number of Injuries and Fatalities per Million Ton-Miles Transported:
Petroleum Pipeline and Class I Rail. Frequencies for pipelines are based on
available data between 2002 and 2009 only. Source: USDOS (2014).

concludes that the proposed pipeline project would release 518 barrels of oil every
year, while using rail transportation to partially or fully replace the pipeline would
release 1,227−1,606 barrels of oil every year.12

Overall, blocking or delaying new pipeline projects in times of pipeline capacity
constraints essentially forces crude oil shippers to substitute less economical, less
energy efficient, and less safe rail transportation for pipeline transportation, with
little impact on upstream production.13

3.2 Refining substitution

Substitution can also happen at the refining stage, where refineries substitute crude
oil produced in regions with adequate pipeline capacity for crude oil produced

12USDOS (2014), Table 5.3-3.
13http://www.theglobeandmail.com/report-on-business/industry-news/

energy-and-resources/transcanada-considers-shipping-oil-to-us-by-rail-

amid-keystone-xl-delays/article18784029/, last accessed on June 10, 2014.
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in regions facing pipeline capacity constraints. For example, the Mayan crude
price is a benchmark price for heavy crude oil produced in Mexico, which is of
similar quality to WCS. Unlike WCS with significant pipeline capacity constraints,
Mayan Heavy still has adequate transportation capacity to access the international
oil markets. This is evidenced by its stable price discount relative to Brent.14

Refineries of heavy crude oil can easily substitute Mayan Heavy for WCS, despite
its higher relative price.

Not only does Mayan Heavy have a higher price than WCS, it also generates
a comparable amount of GHG emissions at both the refining and final consump-
tion stages.15 Thus, blocking or delaying new pipeline projects essentially forces
refineries to substitute higher priced crude oil from regions without pipeline ca-
pacity constraints for lower priced crude oil from regions with pipeline capacity
constraints, with minimal impact on GHG emissions from downstream refining
and consumption.

3.3 Addressing the problem at its root cause

Over all life-cycle stages (Wells-to-Wheels, or WTW), it is indeed the case that
WSC oil sands generates more GHG emissions than some other sources of crude
oils, as can be seen in Figure 5.16 However, potential substitutions at both the
transportation stage and the refining stage imply that blocking pipeline proposals
would have minimal impact on oil sands development in Western Canada, while
the unintended consequences could be severe.

Instead of creating a market failure (in this case, blocking a pipeline proposal)
to address another failure (GHG emissions), it is more efficient to address the
problem at its root cause. GHG emissions cease to be environmental externalities
if they are properly priced, as is the case for other air pollutants like SO2 and NOx

with tradable emissions permits. Unlike the local air pollutants, GHG emissions—
as global externalities—are ideally addressed with global coordination on public

14NEB (2013), Figure 2.6.
15USDOS (2014), Table 4.14-3.
16Reproduced from Figure 4.14.3-4 of USDOS (2014).
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Figure 5: WTW Weighted-Average GHG Emissions from the Mix of WCSB Oil
Sands Crudes Compared to Reference Crudes. Source: USDOS (2014).

policies. However, a single government can nonetheless unilaterally implement
policies to price GHG emissions within its jurisdiction, at least as a counter-measure
to potential oppositions to pipeline proposals originating within its borders. For
example, the Alberta government passed the Specified Gas Emitters Regulation
(SGER) in July 2007, where large GHG emitters who fail to reduce their emissions
intensity by 12 per cent are charged a carbon levy of $15 per tonne. This levy,
though not applicable to all GHG emissions, does affect the marginal costs of
GHG emissions and hence acts as a price for the externalities17 The government is
currently considering an increase of the levy to $40 per tonne.18 Publicizing such

17http://esrd.alberta.ca/focus/alberta-and-climate-change/regulating-

greenhouse-gas-emissions/default.aspx, last accessed June 13, 2014.
18http://www.calgaryherald.com/news/politics/Alberta+nears+deal+raising+
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policies that directly target the externalities of GHG emissions would help to move
the pipeline proposals along the regulatory approval process.

4 Holdup problem in right-of-way bargaining

In the regulatory approval process, the presence of environmental externalities
gives rise to right-of-way bargaining, where proper compensations for the land use
and various externalities associated with it are determined between the pipeline
company and all affected parties. Even if there are objective measures of these
externalities, and the proposed project is concluded to be “in the public interest”
after taking them into proper account, strategic considerations among the parties
may still lead to significant delays. In particular, ex post bargaining tends to lead
to the well known “holdup” problem, as pioneered by Williamson (1975) and
formalized by Klein et al. (1978) and Grout (1984).

4.1 What are holdup problems?

An investment is held up when one party pays the costs while others share the
payoffs of the investment. In the economic literature, a holdup problem typically
arises when the following conditions are met. First, one party incurs the cost
to make an investment that benefits another party. Second, the investment is
“relationship specific”, namely, it does not benefit any third party outside the
original relationship. Third, parties bargain over the terms on how to split the total
surplus from the investment after the investment is made (i.e. ex post), and the party
that benefits from the investment cannot commit to any particular surplus-sharing
terms prior to the investment (i.e., ex ante). When these conditions hold, once the
investment is in place, the benefiting party has incentive to extract as much surplus
from the investment as possible, without properly compensating the investing party
for its cost. Anticipating this bargaining outcome, the investing party has less
incentive to make the investment, thus the holdup problem.

carbon+heavy+emitters/9550784/story.html, last accessed June 13, 2014.
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In terms of a proposed pipeline project, assuming it is socially efficient—that
is, the total benefits from the pipeline project outweigh its total costs—the pipeline
investment creates a total surplus. In this sense, when land-owners negotiate with
the pipeline company to determine the “proper” compensation for the right-of-way
and related environmental externalities, they are bargaining over the terms on how
to split the surplus. Each land-owner has an incentive to maximize the rent he can
extract from the bargaining process. Even though this negotiation happens before
the actual construction of the pipeline, it happens after other upfront investments
and can lead to holdup problems. More specifically, important holdup problems
can arise at two different levels.

First, when the pipeline company assembles the right-of-way from many land-
owners, each land-owner has the incentive to strategically delay reaching an agree-
ment relative to other land-owners. Why? All right-of-way agreements that have
been reached between the pipeline company and other land-owners constitute an
upfront investment that makes the pipeline project more likely, thus strengthening
the bargaining power for the remaining land-owners. In other words, there are
positive bargaining externalities among land-owners in reaching agreements, so
in equilibrium, fewer right-of-way agreements are reached, and they are reached
later, compared to the socially efficient level. This particular form of holdup is
also called the “holdout” problem. It is particularly severe when the proposed
pipeline project spans a long distance and involves a large number of land owners.
The anticipated delay in the land assembly process makes a pipeline company less
likely to make a proposal, and a proposed pipeline project less likely to take place.

Second, even if there is only one land-owner involved, or equivalently, there is
perfect coordination among all land-owners so they internalize all the bargaining
externalities, there is still a holdup problem due to the regulatory approval proce-
dures. That is, to file an application, the pipeline company has to conduct both
technical studies and economic analyses to determine the feasibility and viability
of a pipeline project along a specific route. When a most preferred route is chosen,
the technical studies and economic analyses constitute an upfront investment in this
particular proposal, thus strengthening the bargaining power for the land-owner(s).
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As is the case with all holdup problems, fewer applications are filed, compared to
the socially efficient level.

4.2 Mechanisms to ameliorate holdup problems

Depending on the particular settings where a holdup problem arises, a few mecha-
nisms have been proposed in the literature to mitigate the problem. While some
help shed light, others are less applicable given the nature of oil pipeline invest-
ments.

For example, in the labor market, Acemoglu and Shimer (1999) examine
the holdup problem between firms and employees. The holdup problem arises
when firms have to make capital investments before finding employees, and larger
investments translate into higher wages. In this setup, when wages are determined
by ex post bargaining, there is a holdup problem for firms’ capital investment
decisions. They consider two potential approaches to address the holdup problem.
One is to remove all bargaining power from the workers. This approach solves the
holdup problem but creates an opposite problem, in that it depresses wages below
the efficient level and leads to over-investment by the firms. The other is for firms
to post wages and workers can direct their search toward more attractive offers.
With posted wages, workers have no bargaining power with any one firm, but their
interests are nonetheless protected when firms compete for the workers.

Pitchford and Snyder (2004) consider the holdup problem in a dynamic setting.
They show that even though the holdup problem can prevent an investment from
happening in a one-shot static game, it can be ameliorated in a related dynamic
game. The insight is that when a single lump investment can be divided into a
sequence of smaller installments, the party that benefits from the investment has a
stronger incentive to properly compensate the party that incurs the investment cost,
for fear of losing future investments.

In an experimental setting, Ellingsen and Johannesson (2004) examine the role
of communication (i.e., a message from one party to another without commitment)
in alleviating the holdup problem. They find that the holdup problem is severe
when there is no communication between the parties. On the other hand, the
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outcome improves (albeit, not perfectly) with unilateral communication, regardless
of which party sends the message. In their experiment, successful coordination
predominantly entails “fair” outcomes, thus indicating concerns for fairness may
play a significant role in the bargaining process.

4.3 Applicability to pipeline proposals

Note that holdup problems in proposed pipeline projects do not necessarily arise in
the actual construction stage. Instead, they tend to arise in right-of-way negotiations.
Given the particular nature of the investments involved at that earlier stage, some of
the mechanisms discussed before may help ameliorate the holdup problems while
others are less applicable.

For example, instead of directly bargaining with many land-owners individually,
it is possible to come up with arrangements where the pipeline company only
negotiates with a small number of land-owner groups, which represent the common
interests of individual land-owners. Each land-owner group thus internalize some
of the bargaining externalities that give rise to the holdup problems. One such
mechanism is proposed in Heller and Hills (2008) as “land assembly districts”
(LADs), where a district of property owners has the power, by majority vote, to
approve or disapprove the sale of their land. Naturally, the impact of a LAD
depends intricately on the rules governing the formation of the LAD, how its
jurisdiction is defined, and how individual owners can exit from the LAD. Kelly
(2009) compares the impact of LADs on social welfare with that of either private
assembly or eminent domain, and concludes that whether LADs are superior or
not depends on the heterogeneity across landowners within a LAD.

Similarly, it is possible to for the pipeline company to come up with arrange-
ments that reduce land-owners’ incentives to bargain, such as committing to a
most-favored-customer clause or an offer schedule where the offer value dimin-
ishes as time passes. For example, in a different setting, after Argentina defaulted
on its debts in December 2001, it incorporated a Rights Upon Future Offers (RUFO)
clause into its 2005 and 2010 restructured bonds to accelerate the settlement pro-
cess. The RUFO clause specifies that Argentina cannot voluntarily offer holdouts a
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better deal without extending the offer to all bondholders.19 As a result, 93% of the
bonds were restructured and brought out of default where bondholders accepted
repayments of around 30% of the face value.

An extreme example is eminent domain (or compulsory purchase), in which
case all bargaining power is removed from land-owners, who typically receive
“fair market value” as compensation. Eminent domain has traditionally only been
used to acquire land for public projects. However, in recent year, despite great
controversy, it has also been used in the United States to acquire land for private
projects that are deemed serving the public interest. For example, in the southern
section of the Keystone XL project, TransCanada has used eminent domain to
condemn private land for the pipeline construction in Texas.20 In Canada, when a
pipeline company fails to obtain the consent of a landowner regarding access to the
land, instead of eminent domain, various Surface Rights Boards may grant a Right
of Entry order. The Right of Entry order enables the construction of the pipeline to
proceed, while compensation issues are adjudicated afterward.21

5 Conclusion

Pipeline transportation of crude oil contributes significantly to the Canadian econ-
omy. It is critical to have adequate pipeline capacity for continued economic
growth. This paper surveys related literature that helps us understand various envi-
ronmental concerns that may cause significant delays in the regulatory approval
process of proposed oil pipeline projects, and how such concerns can be addressed
using economic tools. By separating pipeline innate externalities from upstream
and downstream externalities, we show that while it is socially efficient to properly
account for pipeline innate externalities, it leads to market distortions and hence
inefficiency when considerations for upstream and downstream externalities unduly

19http://www.economist.com/news/americas/21608638-clock-ticking-toward-

argentine-default-unsettling-times, last accessed September 4, 2014.
20http://www.nytimes.com/2012/08/24/us/texas-judge-rules-transcanada-

can-seize-pasture-for-keystone-xl.html?_r=0, last accessed on September 19, 2014.
21http://surfacerights.alberta.ca/, last accessed on September 4, 2014.
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delay the regulatory approval of an otherwise efficient pipeline proposal. Strategic
considerations during right-of-way negotiation further complicate the process, and
investments tend to be held up when there is only ex post bargaining. Procedures
that reduce land-owners’ bargaining incentive or limit their bargaining power may
help speed up the process, provided that there is also sufficient protection for
land-owners’ interests.
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