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determining the location of a project are quite clear, but not always mutually exclusive,
so I made some judgment calls: Inner-city projects are those within the boundaries, and
usually the core, of cities, and which are also serving an important function for inner-city
transportation needs. Metropolitan projects are not limited to a core, and are often of
longer physical length than inner-city projects. The rationale was to allocate projects,
which serve two or more important cores in a metropolitan area as metropolitan.
Distinguishing between regional projects and national projects was most difficult.
Regional projects connect two or more metropolitan areas, like the Florida High Speed
Rail. If projects were parts of national transportation networks, like the French TGV rail
system, I allocated them into the national category, even if they connect two
metropolitan areas.

The distinction between project types was particularly challenging as there are different
ways to do so, each with their own underlying rationales, and all relevant to the project.
For example, one might distinguish by the principle construction of a project, like tunnel,
bridge, road, and rail. This distinction would be most meaningful regarding project costs
and engineering complexity. However, it would not capture e.g. subways, which might be
reasonably subsumed under “tunnel.” But a subway distinction carries political
implications, as well as a distinction between freight and passenger rail. The importance
of subways in that respect lays in their usually specifically regulated agency and
institutional structures. (Usually there are special agencies in place responsible for
metropolitan or inner city transportation structures, in addition to the national or state
transportation structures.) The freight/passenger rail distinction is politically relevant
because transporting passengers -because of their agency- holds very different dynamics,
characteristics, and challenges than carrying freight.

In the end, I decided to simplify and distinguish, classically, according to the principal
project structure: highways, rail, tunnel and multimodal projects, as shown in Table 4
above, but also to add a “political type,” in which I coded highway, subway, passenger
rail and other, to account for the different politics behind the projects. In this variable I
have 6 highways, 21 subways, 13 passenger rails, and 21 other projects (v54).

Physical Dimensions, in km (vi4, v15)

Figure 3: Physical Dimensions (in km)
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The projects range from 2 km length (Western Harbour Crossing, Australia) to 640 km
(Portugal Highspeed Rail) and more. Figure 3 provides the length and names of some of
the projects in order. (I plotted the distribution of project costs per lane km in Section
3.3. on project costs.)

Table 5 below provides more detail on the length of the physical structure, and the
cumulated approximate lane or track lengths. The average length of the projects is 82.12
kilometers, with a standard deviation of 131 km. The median is 22,6 km.

Table 5: Length of Projects (in km)

Count Median Average Standard Deviation Maximum Minimum
Project Length 60 22.6 82.12 131 640 2
Lane/Track
Length 53 64.4 186.2 245.05 928 6

The lane or track lengths of a project were more difficult to determine than expected, as
precise numbers of lanes, tracks, and associated structures like repair tracks or overhaul
lanes are not always provided. The range is between 928 and 6km, the average 186.2,
and the median track and lane length 64.4 kilometerss8. In case of rail length, for
instance, in the absence of more precise data I assumed a double length of the general
project length; I did the same with highway lanes.

Project Status (v20), Project Description (v18) and Project Stimulus
(v19)

The projects are in different stages of implementation or completion. At the time of this
writing, 42 projects have been completed, 7 are partially completed, 1 is in planning, 5
are under construction and 5 have been cancelled. Both cancelled projects were planned
rail projects in the U.S.

Status:

Completed: 42
Partially completed: 7
In planning: 1
Under construction: 5

Cancelled: 5
Total: 60

30 of the projects are new projects entirely, which means they are unrelated to other
projects. They are either stand-alone projects, or their construction starts a new network.
30 are additional pieces in already existing larger networks, expansions of existing
facilities or projects related to other developments, i.e. the Channel Tunnel Rail Link,
which is serving the larger Channel Tunnel (UK), or Arlandabanan (Denmark).

Description:

New projects: 30
Additional piece in a larger network: 30
Total: 60

Project Stimulus:

58 These are approximations because the specific numbers were not always provided.
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44 projects were public efforts or parts of larger, public long-term development plans. 12
projects were special interest efforts, like the International Bank for Construction and
Redevelopment initiating the KTX high-speed rail project in South Korea. I think that
seven projects are the result of crisis or opportunity situations - like post-German
reunification projects, or infrastructures servicing world fares. Eight projects are results
of historical long-term plans. Three projects were necessary constructions to serve even
larger megaprojects, and two of the projects to some degree the result of party
competition.

Public effort 44
Special interest effort 12
Crises/ opportunities 7
Project history 8
Necessary addendum 3

Some projects were allocated into multiple categories, explaining why the sum is not 60,
the project total. For instance, public efforts may easily correspond with opportunity
moments or project history. I have chosen this particular distinction between different
project stimuli to test for some political implications. (This will be discussed in more
detail in another paper.)

The main problem with collecting information for this variable is that project stimulus is
often not obvious, especially if there are special interests at work, which may or may not
influence political positions. For instance, in the case of the cancelled Florida High Speed
Rail (in the U.S.), a connection between the governor’s decision to cancel the project, and
some think tanks with anti-rail positions may be assumed, but not entirely proven. The
other way round, I assume that project stimulus and the investment pushes are not
always as visible as in the Argentinean case, where international development agencies
pushed for investment. Also, the Argentinean bridge had been on the public mind for
several decades.

3. CAPITAL AND COSTS
Capital Costs (v30) and Costs in 2010 $ (v31)

I recorded each project’s capital costs in their original currency and subsequently
converted it to 2010 dollars (own calculations). Since the figures varied at times, I used
those either provided on the project websites or those, which were most often cited
among the sources. Wherever possible, I tried to find those figures (in the specific
currency), which corresponded to the initially estimated costs. If that was not possible, I
used other credible values, provided by different sources, and mainly in dollar.5

The most expensive projects are the Boston Artery Tunnel project, and the Korea Train
Express, a high-speed rail line in South Korea (both over $15 billion). Three projects are
between $10 billion and $15 billion, 16 between $10 and $5 billion; 32 projects are
between $1 and $5 billion. Six projects were below or around $1 billion (in 2010 US
dollars): three of them between $520 and 620 millions, and two projects over $900
million.

59 I often faced the problem that different sources named different project costs, depending on where they
drew the project boundaries, whether rolling stock, if applicable, was included or not, conversion values
used, etc. Often the characteristic of the provided value would not be specified. Wherever possible, I used the
value given on the project website.
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Number of Projects Total Investment
Volume

Over $15 billion 2 $32.01 billion
Between $15 and $10 billion 3 $36.96 billion
Between $10 and $5 billion 16 $115.64 billon
Between $1 and 5 billion 32 $72.5 billion

Under $1 billion 6 $4.19 billion
Unknown/ Cancelled 6

Total 60 $262.3 billion

Nature of the Project (v16)

I have divided the projects into three major categories: public, private, and public-
private partnerships (PPP). Public projects are those projects with exclusive public
funding and which clearly remain in public control for most of the project’s life span.
Private projects are projects with minimal public sector risk: they derive their funding
entirely from private sources, and their maintenance remains in private hands until an
agreed date. Public-private partnerships are those projects where risk is split between
the two parties. The private partner may also carry out maintenance. Though this
division is sometimes ambivalent, and the true nature of a project might be difficult to
determine, the sample has a significant number of public projects - and an equal number
of PPPs. Only five projects qualified as exclusive private projects, they are included in the
PPP projects. For one project, the Panama Metro, I was unable to find reliable
documentation, so it is missing in this count.

Public 25
PPP 34
Total 59

Concession (v17)

In this variable I collected information on the type of project contracts and their
structures. However, I will use this information for background analyses, and did not
quantify it.

Costs per Lane/ Track km (v34)

To assess the price per km of actual lanes or tracks built, I have collected data not only
on the total length of projects but also on the lane and track kilometers effectively built.
Figure 4 provides an overview of the cost/lane distributions of the projects. The numbers
are calculated in 2010 US dollars. More than half of the projects cost less than $50
million per kilometer, 12 projects more than $50 million per kilometer, and 9 were more
expensive than that, among them. I did not find data, either on the project price, or on
the actual track or lane kilometers, for 6 of the projects. 3 projects are missing because of
imprecise information.
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Figure 4: Project Costs per Lane/Track km
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Figures 5 and 6 show the respective project counts for rail and road projects separately.

Figure 5: Road Projects, Costs/Lane (in km)

®>$100 million/ kilometer
>$50 million/ kilometer

B <$50 million/ kilometer

Rail projects include subway projects, and road projects include tunnel projects as well.

The combined count is different from that in Figure 4, because the database contains
intermodal projects.

Figure 6: Rail Projects, Costs/Track (in km)
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Initial Costs (v29), Actual Costs (v30), Cost Overrun Ratio (v32)
and Cost Overrun Ratio Inflation-adjusted (v33)

I calculated cost overrun ratios for the projects using figures provided, if available, in the
original currencies. I have two values of cost overrun ratios. The first is the result of
dividing actual project costs by the estimated project costs at the time of project
inception. I was able to obtain data (for any, or both values) for 37 projects. The numbers
show that project cost overrun, without taking into account inflation, averages 1.52, with
a maximum of 2.98, and cost under-run of 0.63. The second type of cost overrun ration
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is inflation-adjusted figures. 45 projects have overrun average of 1.32, with a 2.98
maximum, and a cost under-run of 0.67:

Table 6: Cost Overrun Ratios

Count Median Average Standard Dev. Maximum Minimum
Cost Overrun (not
inflation adjusted) 37 1.44 1.52 0.53 2.98 0.63
Cost Overrun
(inflation 45 1.22 1.32 0.48 2.98 0.67

adjusted)

The more detailed frequency distribution provides the following picture:

Figure 7: Cost-Overrun Ratio (inﬂation-adiusted)
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Figure 8 illustrates a comparison between 35 project cost overrun ratios with and
without taking into account inflation rates. The data shows that in most cases the non-
inflation adjusted cost overruns are higher than in the six cases, where the ratio is equal
or negative (cost-underrun). I was unable to calculate the necessary cost overrun
information for either inflation adjusted or non-adjusted figures for the remaining
projects, because either the projects were not completed, yet, or I did not find sufficient,
appropriate or trustworthy data.
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4. PROJECT TIMELINES
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Year of Inception/ Project Approval (v22), Project Planning
Time (v21), Years of Construction (v25), Years to Completion
(v23) and Project History (v26)

I collected several project planning and construction time measures. They include
planning time, year of inception, and construction time. Planning time is defined as the
numbers of years it took to plan a project and is measured in years from the beginning of
planning to the year of inception. I was able to determine the project planning time for
46 projects. (Table 7).

Determining a specific date when project planning has started is difficult for the
following reasons. a) Often there is an idea mentioned, which may or may not start the
planning process immediately. b) A project might be mentioned in a larger development
plan, but gets built decades later. ¢) The available information is not sufficiently specific.
d) Often there were different available dates, due to different definitions of what
constitutes planning. I focused on the year at which more comprehensive studies on how
to solve a perceived transportation problem has begun.

The year of inception is the year the project got formal approval by decision-makers,
usually political approval in the form of legislative or other consent, depending on the
political system. If the exact year could not be determined, or there were multiple
occasions fitting that characteristic, either the most likely year considering the history of
the project, or the year of construction begin was chosen. Most of the projects are fairly
recent and were decided upon after 1990, only 14 projects got consent before that year.

Next, I measured the time from the year of inception to the end of construction
(“implementation time), and from the beginning of construction to the end of
construction (“construction time”), because some projects, although having been
approved, took some time until construction actually began. If projects were in planning
still, or construction has not begun, yet, I assigned the planned values, anyway, and
included them into the calculation. Project history gives the time from the first idea to
project approval. Table 7 summarizes these measures.

Table 7: Planning, Implementation, and Construction Times (in years)
Standard Maximu Minimu

Count Median Average Dev. m m
Planning Time 46 6.5 7.67 5.46 22 1
Implementation L i 111 o
Time 5 9 5 17 7 3
Construction 5 6 26 )
Time 54 5.5 7. 4.
Project History 51 20 28.9 31.19 136 0]

The more detailed frequency distribution provides the following picture:
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Figure 9: Implementation, Construction and Planning Times (in %)
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*Not included: two outliers for implementation time, with 49 and 72 years each.

5. PROJECT STUDIES

Estimated Utilization, Actual Utilization, Utilization Ratio (v38-
40)

Another important indicator is project utilization, which I define as the ratio between
utilization estimates, and actual utilization after project implementation. I calculated
utilization ratios, presented in Table 8 below. I collected comparable data —pre-project
estimates, and those after construction- for 38 cases (the number is low because not all
of the projects have been completed at the time of this study). The data shows that de
facto project utilization is at 9o percent, the values ranging between three times the
expected utilization, and not even 20 percent of the calculated range.

Table 8: Utilization Ratio

Count Median Average Standard Deviation Maximum Minimum
38 (60) 0.9 0.88 0.53 3.28 0.19

Table 8 shows that 11 projects were above the initial user estimates, and five projects
right on target. The majority of projects (20), however, came in below the original
estimations when actually used. The positive outlier here is the CTRL project with 33
percent more users than expected, the Blue Line in Thailand has achieved the lowest
utilization ratio. The distribution is as follows: nine projects (15 percent) have a
utilization ratio of below .5. Another 9 projects are between 0.5 and < 0.9. 15 projects (25
percent) are between 0.9 and 1.2. Four projects (6.7 percent) had a utilization ratio of
higher than 1.2.
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Figure 10: Utilization Ratio
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Cost-Benefit Studies, Risk Studies, Environmental Impact
Studies, Economic Development Studies (v41, v44, v46, v48)

Table 9 provides an overview of the various studies done on the projects in the database.
Note that many countries require Environmental Impact Statement (EIS) studies before
a project starts but these then serve as substitute for a complete cost-benefit analysis. I
found that 40 projects conducted (publicly available) EPS studies. 20 projects have
conducted cost-benefit studies (or included those aspects in their feasibility studies).
Risk studies were barely available.

Table 9: Cost-Benefit Studies, Risk Studies, Environmental Impact
Studies, Economic Development Analyses
Done/availabl Not done/not

e available Partial # Projects
Cost Benefit Studies 20 29 10 55
Risk Studies 8 46 1 53
Environmental Impact
Studies 40 14 3 57
Economic Development
Studies 19 36 4 57

Cost-Benefit Values (v43)

Of the 28 cost benefit studies I was able to obtain 19 values, expressed variously in ratios
or net present benefit values. The average ratio is 1.7, with 0.91 as the lowest, and 4.18 as
the highest value.

Cost-Benefit and Other Studies (v41, v42, v44, v45, 46, v47)

An important indicator for the influence of environmental, risk or cost-benefit studies
(CBA) on decision-making is the point of time when they were actually conducted,
respectively released. This is important because these studies are designed to guide and
support the decision process, and hence should be available before inception (the year a
project received formal, e.g. legislative, political approval). In one of the Swedish projects
(Southern Link), for example, cost-benefit studies were publicly released only after the
project received its official political confirmation, and as it turned out, they did not
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indicate a positive cost-benefit ratio. I found that most CBAs were done (or available)
before inception, but a significant number was only done after the point of inception.
Most of the few risk studies I found were done after inception, too. Environmental
impact studies were far more often done, available, and conduced before the year of
inception (as far as I was able to locate information). This also might have to do with
strong U.S. American and European requirements regarding environmental concerns.
Table 10 summarizes a lot of information on various project studies and their timing.

Table 10: Cost-Benefit Studies, Risk Studies, and Environmental Impact
Studies/ Year of Inception

Before At year of After
inception inception After inception Construction
Cost Benefit
Studies 17 2 1 3
Risk Studies 2 o 6 1
Environmental
Impact Studies 16 7 16 0

Note: The discrepancy in the sums of the various studies in this table from the numbers provided in Table 9
above is explained by the fact that I was not always able to tell when studies had been released.

Degree of Transparency (v50)

I collected information on the availability of cost-benefit analyses, risk studies,
environmental impact studies, and economic development studies, in order to assess the
degree of transparency of different projects. I looked for studies which were sponsored
either by the project management, by a public entity, or by a university. I did not count
studies done by groups and think tanks with a clear political agenda. Those documents
were registered under project opposition or support.

Figure 11: Project Transparency
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Figure 11 shows the degree of transparency, measured in terms of the availability or non-
availability of the studies. The degree of transparency has been calculated by assigning
value 1 for an available study, value or for non-available studies. I then calculated an
availability average for each study by adding what’s available and dividing the sum by
four. I grouped the results on a scale from very transparent to not that transparent. The
average project has fair transparency, leaning towards not transparent.
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6. PROJECT FUNDING
Sources of Funding (v35)

Projects are often funded from multiple sources, often corresponding to the different
layers of the political system. I collected data on funding sources for each project, and
tried to determine the approximate percentage of the funding source vis-a-vis the project
capital costs. Some sources of information provided very clear funding distributions,
others provided only approximations. Using this information, I calculated rough
estimates. For some projects any distribution was difficult to estimate.

Figure 12: Funding Sources
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Nearly all of the 60 projects were funded by more than one funding source. Among the
projects with reliable data, the average project received 38 percent national funding, 30
percent private funding, 13 percent funding channeled through transportation
authorities, and 9 percent came from provincial sources, and 5 from local funding
sources. This distribution is based on 56 projects; missing data is the result of
insufficient public data. Figure 12 shows the average megaproject and its funding
sources.

The more detailed frequency distribution provides the following picture:

Figure 13: Average Project Funding by Funding Source (in %)
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I distinguish between grants, bonds (including private loans), government loans, equity,
taxes, and others. The main types of funding of the projects in the database are grants,
bonds and loans. Equity funding plays a role in over a third of the projects. As can be
expected many projects have multiple types of funding (thus the total does not add up to
55). Here is the count for how many projects have any of the following funding types.

Grants: 36
Bonds/ loans: 37
Equity: 23
Government loan: 12
Revenues/ other: 14

Both variables - the sources and the type of funding - are not sufficiently clear or
transparent in many project documents. Plan changes and shifts over time render non-
transparent projects even more ambiguous. So these categories and allocations need to
be understood as cursory. Figure 14 displays the average funding type composition of a
project.

Figure 14: Types of Funding (in %)
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The more detailed frequency distribution provides the following picture:

Figure 15: Average Project Funding by Funding Type (in %)
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Financial Data (v37)

I collected data on interest rates on both main and secondary loans, and the respective
loan periods. I was unable to obtain a sufficient amount of comparable data, so this
information is only of limited use. Below I list the data counts, and the calculated
average.

242



Interest rate on main loan: 7 counts with an average of 4.4

percent

Main loan period: 21 counts with an average of 25 years
Interest rate on secondary loan: 1 count of 7.5 percent

Secondary loan period: 3 counts with an average of 29.66 years.

7. ACTORS: PROJECT STAKEHOLDERS, POLITICAL DECISION-
MAKERS, OPPOSITION and SUPPORT

Project Stakeholders and Political Decision-Makers (v51, v52)

I define project stakeholders as those actors with a financial stake in the project. I define
political decision-makers as main actors responsible for major project approvals and
decisions. The comparison between stakeholders and decision-makers on different levels
shows that national governments are heavily involved in large infrastructure
investments, and slightly more often as stakeholders than as decision-makers. In the
following order, the national and the provincial (political sub-units like states and
regions) actors are most heavily financially involved in the decision-making; they are
also the main political decision-makers. The private sector is, to different degrees,
financially involved in 23 projects. International and transport authorities channeled
funding are next. The local level has the least stake, and is financially involved in only 12
projects.

Figure 16: Project Stakeholders and Decision-Makers
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The data on decision-makers and stakeholders is comparable in the sense that I chose
the same categories: stakeholders, defined as having a financial stake in the project, may
come from local, provincial, national, international or private backgrounds, as well as
from transportation agencies. The same goes for decision-makers, except for the private
category (Here the problem of non-transparent decision-making presumably comes into
play, as private sector lobbying and support, are not openly linked to political decisions).
The discrepancy between the two variables might be telling in terms of geo-political
power relationships. According to the data, the international category is much more
involved in the funding, than in the decision-making of projects. (Of course, funding is
one of the most crucial and factual aspects of large infrastructure investment, and
difficult to separate from a political decision.) The national and sub-national entities are
also stronger involved in the funding than in the decision-making. That relationship is
reversed regarding the local and transport authority categories.

Main Project Opposition (v28)
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Reliable or specific data on project opposition is difficult to obtain. Official sources tend
not to mention it, so I relied on newspaper and journal accounts to gather information
on project’s opposition. I collected data on the main sources of opposition, which were
mentioned in more than one source. However, it is difficult to evaluate the degree of
actual input of opposition on the decision-making process, because it is either non-
transparent, or does not exist. Even in cases where the public protest was officially
integrated into the decision-making process, it is difficult to assess whether opposition to
the project was immense or meager, and what was opposition’s real impact on decision-
making. Many projects faced multiple sources and themes of opposition, which is why
the total count is more than 60.

I grouped opposition into 4 themes, though I think that several categories might be
under-represented because data has not been available, or opposition has not been
touted, for instance lawsuits. Issue-oriented opposition is, numerically, the strongest
data point. It includes very clear opposition aims and goals, for instance NIMBY
opposition, or environmentally motivated protest. “Political” opposition is the second
largest data point. It captures opposition at crucial political decision-making points, e.g.
in the parliament, party issues, problems of international cooperation, etc. For 14
projects I could not find any opposition, except for maybe some citizen complaints
during construction, but I was careful to not overestimate that finding. It is equally likely
that project opposition just did not receive a good platform. The next point relates to
opposition to the type of funding and is often grounded in some sort of neoliberal
critique of land-use or need for the project, especially with such large budget items.
Related to that is opposition due to competing project alternatives, for instance transit
advocates vs. highway. In a few cases I found some opposition, but the information
available was not sufficiently specific, unclear or seemed unreliable, so I integrated it
under “no or little opposition.”

Figure 17: Main Project Opposition
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Project Support (v27)

Political support for a project was —like project opposition-- difficult to establish.
Moreover, the literature states that it often is indirect. Thus I was unable to collect
reliable, trustworthy data to be used in an analysis. Parts of project support are captured
in variable 19 “project stimulus.”

SUMMARY AND CONCLUSION
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The projects share most megaproject characteristics observed in the relevant literature,
which is not surprising, because both the dataset and the general megaproject literature
are skewed towards projects in developed countries (e.g. Flyvbjerg et al., 2003, Altshuler
and Luberoff, 2003, Swyngedouw, Hall, 1980, UCL-OMEGA Project Study, 2011).%°
However, the 60 projects are in a broad range of 21 countries, which includes countries
with the highest GDPs, like the U.S. or Germany, and countries with very low ones, like
Thailand or Panama. All countries are legislative democracies with a roughly similar
distribution of federal vs. centralized states, and bi-cameral vs. uni-cameral legislative
structures.

Close to half of the projects are inner-city projects, mainly subways. The remaining
projects are metropolitan, regional or national projects. Five projects cross international
borders. Passenger rail and subway projects constitute the majority of projects. Further I
included highways, bridges and tunnels, or mode combinations. The majority of projects
are completed, or at least partially (49), while the remainder is incomplete, except for
two, which were cancelled. The number of public projects (nearly entirely publicly
funded) and public-private partnerships is nearly equal; both sets constitute the
majority, and thus reflect the typical funding distribution. Only five projects are private
projects entirely. Only a minority of projects was more expensive than US $100 million
per kilometer. Most were below $10 million per kilometer. Generally, the rail projects are
cheaper than highway projects. In accordance with the literature, the projects experience
heavy cost overruns as well, even if I take inflation into account.

By average, the planning and implementation times of the projects (more than 20 years
in total) are longer than the construction times (which are with 7.4 years part of the
implementation time). The utilization ratios are mostly negative, which is typically one of
the standard points of critique on megaprojects (Siemiatycki, 2010, Flyvbjerg et al.,
2010), so the projects fit the bill as well. The projects do not seem very transparent,
either, which is another main point of critique in the literature. Project-related
assessment and evaluation studies are only insufficiently publicly available.
Environmental studies are best available — but they are required in most countries. The
availability of studies is followed by cost-benefit analyses and economic development
studies, while they often seem quite superficial or partial though. That also follows some
of the transparency concerns in the literature (mainly Flyvbjerg, 2003).

Most of the projects have funding from the national state, followed by private funding
shares. Transport agencies were an important channel for funds. 16% of all projects
received funding from regional and local sources. Grants, bonds and equity account for
most of the funding, while government loans are not nearly as common.

APPENDIX D
Investment Volume by Country

This Appendix establishes the representativeness of the data in the database by stating
the database investment volumes as a percentage of the total investment volume of a
country for a given period of time (last column).

The data is from the OECD website. The rail and road investment figures are sums of
gross road and rail infrastructure investment spending (in Euro) in each country
between 1992 and 2010. The numbers do not include maintenance expenditures. I

60 There are exceptions, of course. There is a range of studies focusing on megaprojects as development tools
in developing countries. (See Kennedy et al., 2011)
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summed up rail and road spending over the years, converted the database infrastructure
investments per country from U.S. dollar into Euro, and calculated the percentage in
terms of the entire infrastructure investment spending over that period of time.

Gross Infrastructure Investment by Country

Rail (in Road (in Sum Database: Database: Database
million million Project Project Investment
Euros) Euros) Investment Investment Volume of
1992-2010 1992-2010 Volume Volume Total
(2010 (2010 Investment
billion $) million €) (%)
Argentine 0.052 -
Australia 20,100 94,672 114,720 6.64 5,000 4.36
Canada 8,600 102,380 110,980 2.13 1,600 1.44
Hong Kong 11.12 8,300
China
Denmark 10,300 11,078 21,374 11.75 8,800 41.17
France 68,000 207,810 275,810 22.46 16,800 6.09
Germany 102,000 210,085 312,085 23.05 17,300 5.54
Greece 6,100% 13,224% 19,324 11.28 8,500 43.98
Israel 4.3 3,200
Italy 82,700 114,630 197,3
Japan 150,400 1,593,226 1,743,626 24.97 18,700 1.07
South Korea 15.96 12,000
Netherlands n.a. n.a. 12.32 9,200
Russia [n.a.] [n.a.] 0.65 0,500
Panama 1.4 1,100
Portugal 6,000 22,400 29,300 7.8 5,900 20.13
Sweden 17,500 19,900* 37,400 6.5 4,900 13.10
Thailand 6.7 5,000
Turkey 5,100 19,200 24,300 4.28 3,200 13.17
United 99,100 109,800 208,900 18.14 13,600 6.51
Kingdom
USA 61,500% 935,600% 997,100 70.33 52,700 5.28
Average:
13.5%

*some years have missing data

Sourece: http://www.oecd.org/statistics/, accessed January 10, 2014

APPENDIX E
List of Hypotheses

This Appendix lists all hypotheses tested in Chapter 4.

Macro-Political Influences

H2.1: Project success varies by political system: Projects built in centralized
governments are more successful.

H2.2: Macro-political factors such as the political system, the legislative structure, the
party and the national voting system impact funding sources for projects.

H2.3: Bond-funded infrastructure investment is more prevalent in federalist than in
centralized countries.

H2.4: Project decision-making in federalist countries is more transparent than in
centralized countries.

246




H2.5: Infrastructure projects in two-party systems are underwritten by a greater
variety of funding sources than projects in multiple party systems.

H2.6: Projects in Anglo-Saxon countries experience more opposition than projects in
centralized countries.

H2.7: The nature of the voting system affects project success measures like cost
overrun.

H2.8: Macro-political organization affects choices between project types like highways
or rail projects.

H2.9: Local decision makers are more involved in project decisions in federalist
countries than in centralized ones.

Project Decision-Making Levels

H3.1: Anglo-Saxon projects involve more local and regional decision-makers in project
decisions.

H3.2: The types or nature of the project stimuli influence the types of project decision-
makers.

H3.3: There is less project opposition when national decision-makers are involved than
when decisions are made on sub-national levels.

H3.4: National level decision-makers conduct more cost-benefit analyses than project
decision-makers on local or regional levels.

H3.5: Project planning varies depending on project decision levels. Project-planning
times are longer for national level projects than projects on any other level

H3.6: The higher the GDP PPP, the more project decisions are taken at the national
level.

H3.7: If (special-purpose) transportation agencies are involved, cost overruns are
smaller.

H3.8: National level decision-makers tend to take on more complex, long-term projects.

H3.9: National level decision-makers are involved with the more expensive projects
(costs/km).

H3.10: Project decision-making levels changed over time, specifically from the 1980s
onward. More projects are now decided on sub-national levels.

Project Transparency

H4.1: Project transparency or cost-benefit analyses differ by project type: rail projects
are more transparent than highway projects.

H4.2: The project stimulus affects transparency: projects that arise out of special
occasions are less transparent.

H4.3: Project transparency increases with the rank of the decision-maker.

H4.4: The wealthier a country, the more transparent are its projects.
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H4.5: Projects in centralized countries are more transparent than in federalist
countries.

H4.6: Entirely new projects are more likely to have CBAs than extensions to existing
networks.

H4.7: The less transparent a project, the more protest potential is there.
H4.8: Project transparency affects project success (here, cost overruns) negatively.

H4.9: Inner-city projects are more typically based on cost-benefit analyses.

Funding Sources

Hs.1: The wealthier a country, the more sources of funding are available at the
national level.

Hs.2: Local funding sources became more important over time.

Hs.2.1: The number of funding sources (or funding complexity) increases over time.
H5.3: Projects underwritten with national funding will take longer to implement.
Hs.4: Projects underwritten with national funding will experience more cost overruns.
Hs.5: The more national funding, the better the projects meet utilization goals.

H5.6: Projects underwritten with private funding will experience fewer cost overruns
or better utilization ratios.

Hs.7: When special interests are involved in project decision-making, the funding
sources become more complex.

H5.9: Project funding varies by region (like continent, or culture).

Hs.10: Inner-city projects, because of their limited reach, are less likely to receive
international funding.

Hs.11: Funding sources impact project opposition types.

Hs.12: The type of funding and the availability of a cost-benefit analysis for a given
project determine the general degree of project support (measured by the absence of
opposition).

H5.13: Project types are associated with funding sources — e.g., rail projects are less
likely to be privately funded than any other project type.

Funding Types
Hs5.13 GDP impacts funding types.

Hs.14 The nature of project funding impacts project-related factors like construction
time.

Hs.15 The nature of project funding impacts project utilization ratios.

H5.16 Projects with equity funding are more often canceled than projects with other
types of funding.
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APPENDIX F
Statistical Tests

This Appendix provides an overview over the statistical tests that were used.

Pearson’s Correlation Coefficient: Pearson’s correlations are measures of linear
statistical correlation or the dependence between two variables, e.g. if the value of one
variable increases or decreases depending on the value of another one. The values of the
outcome coefficient range between -1 and 1. The closer the coefficients are to the values 1
and -1, the stronger the correlation. With a coefficient of o the variables show no
statistical association. The negative or positive value describes the direction of the curve.
The Pearson’s test, a parametric test, works best with scale data. It may be calculated as
follows:

r=

TLXi - X)(Yi-Y)

V iz (X = X)2 /i, (Y - Y)?

Spearman’s Rank Order Test: The Spearman Rank Order Test is a non-parametric
measure testing an association between two variables, e.g. if the value of one variable
increases or decreases depending on the value of another one. The test may be used with
discrete or ordinal data. Similar to the Pearson’s Correlation coefficient, ranges of
outcomes are between -1 and 1, with -1 being a negative correlation, 1 being positively
correlated, and a value of 0 describing no correlation. Spearman correlations are less
sensitive to outliers than the parametric Pearson’s correlations. The formula is this:

b- 5 -%)y, - ¥)
CRE P

Mann-Whitney U Test: The non-parametric or rank order Mann-Whitney U Test
ranks two independent groups by ranking them or comparing their means against an
assumed distribution (for instance whether one population features larger values of a
specific outcome than another). As opposed to parametric alternatives, the Mann-
Whitney U Test is less susceptible to abnormal distribution of the data and unequal
sample sizes. The output is the Mann-Whitney U value, the interpretation of which
depends on the sample size, and the p value, which indicates whether there is a
statistically significant difference between both groups (if so, then p<.01).

n,(n, +1)

U =R
2

Kruskal-Wallis Test: The non-parametric Kruskal-Wallis test is an extension of the
Mann-Whitney U Test. The test allows comparing more than two independent groups.
Similar to the Mann-Whitney Test, the data does not need not be in equal interval scale,
the population does not need to be normally distributed, and the samples need not have
equal variances. It assumes that the dependent variable is measured at an ordinal level,
and that the independent variable consists of more than two independent categories. The
test provides a ranking for each group, and the statistical significance, which allows for
conclusions about the effect of the independent variables on the groups. The test statistic
is given by:

249



R
g .y 1(:7‘1"}' - 7—‘)2,

i:l LJJ:

K=(N-1)

Binomial Tests: Binomial tests test the probability that a binary sample reflects a
likely distribution in the general population. Statistical tests operate with the default
threshold of .5 (50%). With this threshold, the sample distribution is evaluated against
the probability that the data distribution corresponds to 50/50 in the real world. The test
value reflects the deviation from that probability. The threshold may be changed to
reflect hypothesized proportions of the given general population based on theory or
observation.

An example: A binomial test may establish whether the observed frequencies of two
categories of a dichotomous variable, for instance heads or tails in repeated coin tosses,
correspond to the equal probability of heads or tails (a hypothesized 50% chance): if your
coin tosses produce tails 70% of the time, the very small significance level indicates that
that your 70% sample is unlikely to happen by chance. Hence the null hypothesis (50%
probability in either direction) must be rejected. One possible conclusion is that the
hypothesized real-world threshold is wrong. But since a 50/50 probability has been
generally accepted for coin tossing, the other conclusion must be that the coin has
probably been tampered with.

Multivariate Regressions: Regression analysis allows making quantitative
predictions about the effects of one or more variables on a “dependent” variable. The
independent variable/s exercises a hypothesized influence on the dependent variable:
depending on the values of the independent variable/s, the dependent variable changes
as well. Depending on the type of model, the relationships may be linear, quadratic or
cubic.

Linear Y=bo+(b1*t)
Quadratic Y=bo+(b1*t)+(b2*t**2)
Cubic Y=bo+(b1*t)+(b2*t**2)+(b3*t**3)

In the given relationships Y is the dependent variable and b represents the slopes of the
functions. In linear, quadratic and cubic model specifications, the dependent variables
are continuous. Linear, quadratic or cubic model choices refer to the hypothesized curve
of the slope: a linear function assumes a straight curve, quadratic and cubic ones curved
slopes (i.e. they signify thresholds at which the association noticeably changes).
Associated tests of statistical significance evaluate how likely it is that the predicted
shapes of the associations reflect the true associations in the real world.

R Squared: R Squared is the typical “model fit” test that assesses how well the
hypothesized model fits the sample data. The closer the value is to 1, the better the
model.

Regression Assumptions

Generally, the data must meet four assumptions to conduct linear regression.
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Linearity Test: The relationship should indeed be linear, otherwise the reported results
lose their explanatory power. Linearity tests test whether the best model fit is, in fact,
linear, and not logistic, quadratic or cubic. We used the SPSS “lack of fit” test. The test
statistic, in order to meet the linearity assumption, must have a p-value larger than the
set “alpha value.”

Homoscedasticity/ Heteroscedasticity: Another assumption for linear regression is
homoscedasticity, which refers to the equal distribution of residuals. The opposite,
heteroscedasticity, refers to the situation in which the residuals of a model are unequally
distributed, also called the inequality of variance. Heteroscedasticity indicates
correlations between the independent variables. Homoscedasticity is the desirable state
of the data; heteroscedasticity might distort the regression results.

Independence of Error: This assumption presumes that the independent variables
are not correlated. Looking at a plot of residuals, residuals must be randomly distributed
and do not form any kind of pattern.

Durbin-Watson Test: The test provides a value to test the “independence of error.”
The statistic ranges from 0-4; a value around 2 is desirable (meaning: the assumption of
the independence of error is met). The acceptable range is given with 1.5-2.5.

Normality of Error: Shapiro-Wilk Test: This test uses studentized residuals to
determine whether the assumption of the “normality of error” is met. That means that
residuals, or errors, should be random and normally distributed at the values of the
dependent variable. Any value that is larger than p<.o05 (if that it the set threshold, or
“alpha value”) is good to go, meaning that the errors are normally distributed, and p=1is
perfect.

Binary Logistic Regressions: The dependent variable in logistic regressions is
binary, and the independent variables scale or ordinals. Non-parametric tests require the
data to meet fewer assumptions than parametric tests. The model is then as follows
(sample data from the data analysis):

I

PVar28 = 1) = — . R
l4e~(a+bVars59 +cVarl2 + dVarS2)

Receiver Operating Graphs: Receiver Operating Graphs (ROC) may assess the
strength of binary logistic regressions. ROC curves allow conclusions about the strength
of a specific test on the model and the test population, by measuring the sensitivity and
specificity of the results. Sensitivity and specificity refer to the intrinsic quality
(appropriateness) of a test, and allow conclusions about the property of a test AND the
population. Sensitivity refers to the power of a test to identify positives (the proportion of
cases correctly identified by the test as meeting a certain condition) — specificity to
identify negatives (proportion of cases that do not meet a certain condition).

The closer the curve is to .5 (a diagonal line), the less meaningful is the test. The closer
the curve is to the left and upper border of the ROC space, the more accurate. For
instance, a ROC value of .673 indicates that 67 percent of pairs (bond funding/ no bond
funding) are identified as true positives, when randomly drawn. It also indicates that the
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results from the model are of poor quality, using the following quality scale: .50-.60
(fail), .60-.70 (poor), .70-.80 (fair), .80-.90 (good), and .90-1 (excellent). Poor test
results may either indicate problems with the choice of the test, or the quality of the data.

Model Fit Values for Logistic Regression:

The Cox & Snell R Squared and Nagelkerke R Squared are used as model fit tests
for binary regressions. I report both values in the database. The two model fit tests
technically differ from the R Squared values that assess model fit in linear regressions,
but their interpretation is similar: The closer the value is to 1, the better the does the
model fit the data points in the database — or, the larger the value the better the model
fit.

APPENDIX G

Sample Questionnaire for Interview Questions

1. What was your role in the Second Avenue Subway decision-making? Did that role
change during the process?
2. Where did the idea, or project stimulus, come from? What were the main
objectives for building this project?
3. Which were the most relevant actors involved in the decision-making process,
and why? What were their objectives?
What was the role of the implementing agency?
Which were the main sources of opposition or project support? Did they further,
complicate, or delay the project?
How was funding secured?
Were there major changes during project implementation?
What are the specific problems or benefits of transportation decision-making in
this jurisdiction?
How should this project be evaluated? What are its main measures of success?
. What, in your or your agency’s view, constitutes a “successful” megaproject?
What are the main defining features and characteristics?
11. In your view, what do you consider to be the most important factors and actors
that determine the outcome of decision-making process in the planning and
delivery of any megaproject?

N 9k

-
5 \°

APPENDIX H
Data Quality Assessment Graphs

This Appendix collects data assessment graphs to evaluate the strength of regression
models, e.g. ROC Curves, Scatterplots, Durbin-Watson and Shapiro-Wilk Tests. The tests

are described in more detail in Appendix F.

Table 2.5/ Model 1: ROC= .726, S.E. .076, Lower Table 2.5/ Model 1: ROC= .761, S.E. .064, Lower
Bound .579, Upper Bound: .874, sig. .006 Bound .636, Upper Bound: .887, sig. .002
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Table 3.4/ Model 1: ROC= .798, S.E. .066, Lower
Bound .668, Upper Bound: .927, sig. .001

Table 4.3/ Model 1: ROC= .876, S.E. .053, Lower
Bound .772, Upper Bound: .980, sig. .000
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Table 4.3/ Model 2: ROC= .826, S.E. .056, Lower
Bound .716, Upper Bound: .936, sig. .000

Table 4.3/ Model 3: ROC= .793, S.E. .060, Lower
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Table 4.3/ Model 4: ROC= .797, S.E. .062, Lower
Bound .676, Upper Bound: .918, sig. .000

Table 5.3/ Model 1: ROC= .691, S.E. .076, Lower
Bound .542, Upper Bound: .840, sig. .023
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Table 5.3/ Model 1a: ROC= .684, S.E. .079, Lower
Bound .529, Upper Bound: .8309, sig. .031
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Table 5.3/ Model 2: ROC= .731, S.E. .072, Lower
Bound .590, Upper Bound: .873, sig. .006
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Diagonal segments are produced by ties.

Table 5.3/ Model 2a: ROC= .707, S.E. .077, Lower
Bound .557, Upper Bound: .858, sig. .015
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Table 5.6/ Model 1a: ROC=.704, S.E. .071, Lower
Bound .564, Upper Bound: .844, sig. .010

Diagonal segments are produced by ties

Table 5.6/ Model 1b: ROC= .785, S.E. .069, Lower
Bound .651, Upper Bound: .920, sig. .001
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Table 5.6/ Model 1c: ROC= .873, S.E. .047, Lower
Bound .781, Upper Bound: .965, sig. .000
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ROC Curve
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Table 5.6/ Model 1d: ROC= .789, S.E. .094, Lower
Bound .597, Upper Bound: .963, sig. .002
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Table 2.4/ Model 1: Lack of Fit: .473, Durbin-Watson
1.834, Shapiro-Wilk: .119
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Table 2.4/ Model 2: Lack of Fit: .403, Durbin-
Watson 1.808, Shapiro-Wilk: .542

Table 4.4/ Model 1: Lack of Fit: .218, Durbin-Watson
1.735, Shapiro-Wilk: .9o05
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Table 4.4/ Model 2: Lack of Fit: .357, Durbin-
Watson 1.792, Shapiro-Wilk: .979

Table 4.4/ Model 3: Lack of Fit: .037, Durbin-
Watson 1.843, Shapiro-Wilk: .250
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Scatterplot
Dependent Variable: Transparency2
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Table 4.4/ Model 4: Lack of Fit: .341, Durbin-
Watson 1.697, Shapiro-Wilk: .862

Table 3.4/ Model 2: Lack of Fit: .643, Durbin-
Watson 1.588, Shapiro-Wilk: .000
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