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ABSTRACT: Systematic analyses of market developments and transport trends are the
basis for the evaluation of investments in transport infrastructure in common approval pro-
cedures. Traditional cost benefit analysis (CBA) considers time savings between connected
locations as a key benefit of the expansion of transport infrastructure. With reference to
almost constant time expenditures for mobility, some researchers argue that there are no rele-
vant time savings and thus no real benefits. As the literature analysis and empirical data show,
both the time savings between locations after expansion and approximately constant time
expenditures for mobility in the transport system over the long term can be observed. Resolv-
ing this issue is therefore the key for consistent economic analysis of transport infrastructure
investments. Using a location-theoretic model and empirical data, the paper shows that
expansion projects reduce transportation costs, increase efficiency, and largely translate the
time savings into accessibility benefits. The centralized production and division of labor is
then the basis for economies of scale efficiency gains with diminishing marginal utility. As the
resulting environmental impacts and resource consumption are not adequately reflected in
standard economic theory, the development in transport is largely unsustainable yielding high
external costs. A possible solution would thus be to contrast the efficiency gains in the market
with the life cycle costs and external costs of these investments.

1 INTRODUCTION

1.1 Impacts and comparison of projects

The origins of such an economic evaluation of projects can be found in the development of wel-
fare economics at the end of the 19th century. The first regular systematic comparisons of bene-
fits and costs of public infrastructure projects are known from the U.S between 1930 and 1940.
The pressure for more efficiency led to a subsequent standardization and increasing use of cost-
benefit analysis (CBA) from 1950 to 1970. Between 1970 and 1980, the concept of life-cycle cost
analysis (LCCA) considering all costs and benefits was established. The concept of “whole life
cycle costing” (WLCC), developed in the period from 1990 to 2000 takes the stochastic nature
of input parameters, possible risks and external effects into account. As life cycle cost analysis
requires extensive data and knowledge, it has rarely used in decision practice.

Investigating transport investment projects and alternatives with a cost-benefit analysis
(CBA) is a well-established practice in transport planning since decades. The main methods in
CBA are Impact Analysis (IA), Utility Analysis (UA), Cost Effectiveness Analysis (CEA),
Benefit-Cost Analysis (BCA). The IA is a pure comparison of the pros and cons without over-
all decision criteria a as first starting point. The UA allows an evaluation according to
weighted criteria and is well suited for topics that are difficult to quantify. The CEA contrasts
the quantitative costs with a qualitative benefit i.e. how much benefit can be achieved per cost
unit. The BCA compares quantified costs and benefits in a limited time frame. Depending on
the selected method and parameters the results may vary significantly.
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Since no infrastructure project takes place in a vacuum, the decision is usually based on
a comparison of existing transport networks without further investment (Option #0) and alterna-
tive courses of action (Option #1 to #n) in a given time frame (Figure 1). For any project assess-
ment, the system delimitation regarding function, space, and time has to be assessed. In terms of
investment costs considering initial investments or the entire life cycle is a crucial difference. Assess-
ing benefits is critical if only revenues or greater economic effects such as time savings, traffic
safety, etc. during service life are taken into account. Since the majority of the costs are incurred in
the initial phase, and the benefits are mostly generated later during service life with increasing cap-
acity utilization, the selected interest rate is also crucial as later benefits and costs are depreciated.

From a cost perspective, emissions and impacts on the environment occur primarily during con-
struction and deconstruction, and to a lesser extent during rehabilitation. In the operating phase,
there are generally negative effects as a result of traffic emissions which can have a negative impact
on the economy. However, as environmental quality is not adequately represented in standard
economic theory, mainly negative aspects of transport infrastructure are largely underestimated in
decision making. The concepts to incorporate environmental costs range from inadequate (e.g.
“willingness to pay”) to promising (e.g. “costs to repair/replace”). As there is still no functioning
market for environmental quality in capitalist societies these aspects are underrepresented in eco-
nomic decisions explaining the low sustainability in the sector (Hoffmann 2019).

Option #0: Existing road network Location B Option #1: Extensive Location B

highway network

Location A Location A

Option #2: Strengthen public Location B Location B

(rail, metro, bus) transport

Location A

Figure 1. Development and comparison of transport infrastructure projects and alternatives.

1.2 Travel time gains from A to B

In individual choice on traffic mode and route selection as well as in aggregated Cost Benefit Ana-
lysis (CBA) the travel time between locations is a key factor. In a typical Benefit-Cost Analysis
(BCA) the monetized time savings between locations account for 70 to 80 percent of benefits. The
remaining benefits are mainly related to reduced accident rates and lower emissions from fewer
traffic jams. The main advantage of using monetized time savings is the possibility to predict and
observe increased average speed and reduced average travel time on existing and new routes on
the short run. Figure 2 provides an overview on the relevant literature on this topic.

»Travel time gains“ from A to B Literature selection ,,travel time gains“:

Becker, G. S. (1965) — Time allocation, Evaluation
Daly, A. et al. (1978) — Multiple Choice Models
t,=8,/v, Wardman, M. (1998) — Overview travel time evaluation
Location A Small, K. A. (2012) — Heterogeneous travel time evaluation
Martens, K. et al. (2017) — Time savings in CBA

Mackie, P. et al (2018) — Transport accessibility & efficiency gains
Chowdhury, S. et al. (2015) — Elasticity, travel time, costs
Meunier, D. (2019) — Elasticity, trade-offs and other effects

ITF (2019) — Travel time reduction as central factor in CBA

Schmid, B. et al. (2021) — Evaluation time savings

t=s,/v;

i
Focus on specific projects and
econometric choice models

key argument: time savings due to t, < t;

Common approach Cost Benefit Analysis (CBA) — Simple estimation
Figure 2. Travel time gains from A to B due to infrastructure improvements with selected literature.
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1.3 Time constancy in transport systems

With the CBA becoming more popular in the last five decades the critique regarding the
methods, the system delimitation, and the parameters has been mounting. As Flyvbjerg et al.
(2003) and others have shown there is ample evidence on deliberate systematic decreasing of
costs and increasing of benefits to improve success in the approval process. With the focus on
time savings as a key factor there is substantiated critique both regarding the methods and
results. The literature survey consistently shows that the total travel time in the entire transport
system has remained largely constant over decades (Figure 3). This holds true for regions all
over the world despite huge differences both in population, regional development, economic
growth and transport investments. According to the CBA that would mean that there are no
benefits from time savings. Furthermore, building roads to fight congestion is mostly
a temporary solution. Despite observed accessibility gains there are saturation effects on
medium to long-term and the improved transport network is becoming congested again. The
data consistently shows that increasing transport speed and efficiency leads to longer transport
distances and higher transport volumes with overall negative environmental effects. As there is
a clear relation between transport network length and efficiency to economic growth, investing
in transport infrastructure is not a zero-sum game. In summary, the argument of a lack of bene-
fits due to approximately constant time expenditures in the system is therefore just as untenable
as the focus on local time gains of individual projects.

H i Literature selection ,,time constancy“:

E »Time constancy in transport system i Prendergast, et al. (1981) — Not individual, many factors

i :‘ Knoflacher, H (1986) — Time savings for CBA problematic
E | Marchetti, C. (1994) — Travel time constant, greater distance
'

. ; Levinson, D. M. et al. (1994) — Time constant, greater distance
1 Location A
i

Schafer, A. et al. (2000) — Time constant, greater distance

| Mokhtarian, P. L. et al. (2004) — Not individual, only aggregated
i Metz, D. (2008) — Time constant, greater distance

| Ahmed, A. et al. (2014) — Time constant, greater distance

i Stopher, P. R. et al. (2017) — Time constant, greater distance
Metz, D. (2020) — Accessibility gains, saturation effects

Metz, D. (2021) — Increase transport volume, same traffic jams _J

Y
Focus on aggregate choices in
entire transport system

Figure 3. Time constancy in systems regardless of infrastructure improvements with selected literature.
2 AN EMPIRICAL LOOK AT THE WORLD

2.1  Motorization, highway length, and transport

Transportation infrastructure represent an essential social and economic resource. They struc-
ture the use of space and enable access to and exchange of people and goods between locations
having a significant influence on economic development. The motorization rate increases with
economic growth slowing down for a GDP/Capita of $20,000 to $50,000 (Figure 4). Apart
from saturation effects the quality of public transport in agglomerations is the main explana-
tory factor. The network length of paved roads increases with the level of wealth, reaching
about 4 m/C. on average at about $10,000 and about 9 m/C. at $50,000. A highway network
emerges only above a certain level of development and wealth at a GDP/C. of $3.000 to
$5,000 growing also slightly degressive with increases in wealth. In contrast, passenger and
freight transport performance grows almost linearly with increasing levels of prosperity and is
on average 12,000 pkm/C. and 5,500 tkm/C. per year for a GDP/C. of $50,000. The large devi-
ations at the same level of wealth are mainly related to territorial, spatial and other structural
factors that are not considered here.

2.2 Energy consumption, emissions, investments, and travel time

Technological and economic development are major explanatory factors in relation to the
increase in life expectancy, the reduction in birth rates and the development of energy
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consumption. As shown in Figure 5 the energy consumption increases degressively with
increasing wealth whereas the total CO, — emissions per Capita increase at first until a GDP/
Capita of roughly $10,000 and stagnates thereafter. This effect is related to the ability to
afford cleaner technologies despite higher energy consumption. However, this currently does
not hold true for the mobility sector as both the mobility and the emissions exhibit
a degressive increase with increasing wealth.

As positive economic developments generate taxes and funds for further investments, there is
a clear relation between economic welfare and investments in transport infrastructure. The wide
range of data shows that a comparable level of prosperity does not necessarily require a large
high-level transportation network. The degressive growth of the prosperity level with increasing
network length, can be seen in the meta-analysis from the literature (e.g. Melo et al. 2013) con-
firming the decreasing marginal utility for consecutive periods. As the negative environmental
impacts are largely not accounted for in the classical economic view it can be assumed that the
benefits of additional highways in developed societies will be very limited in most cases.

As previously shown the time savings due to improved (road) transport infrastructure can be
directly experienced and measured before and after the implementation of projects. Therefore, this
aspect is very well known both at the level of planners and the general population. Revisiting and
extending the data on travel time budget proves that the total time spent in traffic largely remains
the same regardless of the level of welfare or the spending’s on transport infrastructure (Figure 5).
With both empirical observations being more or less true, the common models are clearly failing
to account for previous and actual developments. Thus, there is a need for a conclusive unifying
theory as a basis for an efficient and sustainable transport planning of the future.
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Figure 4. Motorization, highway length, passenger & goods transport VS real GDP/Capita in the world.
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Figure 5. Energy consumption, emissions, investments, and travel time VS real GDP/Capita in the world.
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3 SOLVING THE CONTRADICTION

3.1 A new theoretical framework

As current approaches are of limited value in solving these contradictions, there is a need for
a theoretical framework providing a consistent explanation. This framework must be applicable
both for developing and developed countries providing consistent explanation for past and pre-
dicted developments. As a framework accounting for all possible factors is beyond the scope, only
the main factors shall be addressed here. A largely extended analysis and a vast array of empiric
data on these issues can be found in the literature (Gruebler et al. 1991, Rodrigue et al. 2013, Hoff-
mann 2019).

The theoretical framework in Figure 6 provides an analysis of the impact of transport infra-
structure on market equilibrium, consumer prices, regions, and population in three steps.
Starting from two central locations each producing a comparable product (“A” = “B”) at
defined unit costs, the costs for supplying the market will increase with the distance to the
production location (costs for transport, wear and tear, loss, etc.). Price levels in this initial
state before expansion of the transport network may differ due to differences in conditions at
the locations (wage levels, materials, etc.). High transport costs will therefore have
a prohibitive effect on the import of the particular product for similar products, thus staking
out the primary catchment area of the market. Transport distances beyond the limit of equiva-
lent product prices will accordingly be uneconomical and therefore the exception.

For the second step the transport network between the two locations is significantly expanded
increasing transport capacity with decreasing travel time and transport costs as a short-term effect.
As the transport costs of the connected locations are reduced equally, the geometric analysis dir-
ectly shows that the location with lower unit costs in production is favored (expansion of catchment
area). In the case of perfect competition and infrastructure equipment, the costs of expansion and
any consequential costs for the environment and third parties are offset by the savings from lower
prices (consumer return), and the use of additional opportunities of available services. In the case
of imperfect markets and neglect of environmental impacts as external costs, there will be an over-
provision of transport infrastructure and correspondingly unsustainable developments.

The third step includes the medium to long term reaction of the market participants to the
new opportunities created by the expansion of the transport infrastructure. The combination of
growth in the catchment area of central locations and further expansion of the transport infra-
structure allows more economical central production of the product at location “A” due to fall-
ing unit costs for large quantities (economies of scale). This immediately increases consumer
returns at both locations due to cheaper products, but leads to the abandonment of production
at location “B”. As a consequence, additional jobs and opportunities are created at location
“A”, which are lost at “B”. If these losses cannot be compensated by competitive or non-
substitutable other products or opportunities, there will be a further migration of population,
production, and services from “B” to “A” as an increasingly dominant central location.

An increase in transport costs by internalizing external costs of the transport infrastructure leads
to a parallel shift of the cost function for all market participants in the case of one-time access costs
(vignette). Mileage-based costs make products from central production locations more expensive
and thus have the opposite effect as an expansion of transport networks. The life-cycle costs of
transport infrastructure are therefore always paid for indirectly via taxes (with or without taking
external effects into account) or directly as a user charge. However, this does not mean that the
expansion of transport infrastructure is a zero-sum game. On the contrary, it is the expansion of
the transport infrastructure that allows for a division of labor in production and efficiency gains.

As with any production function, there is a decreasing marginal benefit as shown in several
meta-studies (e.g. Melo et al. 2013). Extrapolating the economic benefits from past projects
generally leads to an overestimation of the benefit/cost ratio, since the benefit decreases
degressively and the costs of higher-ranking transport infrastructures increase progressively,
especially at central locations. Furthermore, the expansion of transport infrastructure has the
effect of redistributing benefits and costs with a shift to high-ranking locations and low-cost
production sites (globalization) and is accompanied in the medium to long term by emptying
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peripheral areas and strengthening of agglomerations (polarization). Along developed routes,
transport prices become less important with products and price levels converging on the
global market (homogeneity).

1. Equilibrium before expansion
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Figure 6. Impact of transport infrastructure on market equilibrium, consumer prices, regions, and population.

4 CONCLUSIONS

The development of regions, population and their economy are closely linked to their transport
infrastructure enabling access to resources, products, and markets. The volume of the transport
market can be seen as a function of population, economic power, production, and market
shares in relation to surrounding locations. If the economic power and population in regions
grow, the demand for goods, services and the possibilities increase and the transport market
together with the demand for infrastructure rise accordingly. With transport infrastructures
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demanding high initial investments and ongoing reinvestments, they constitute a long-term
commitment of limited resources. Since decades it is therefore a well-established practice to
investigate transport planning strategies and projects with different types of economic analysis.

Traditional cost benefit analysis considers local time savings and avoidance of traffic jams on
project level as key benefit of transport infrastructure investments. As these investments have
been mostly temporary solutions and the travel time budget in the transport system has
remained largely constant critics argue that there are no relevant time savings. Using a location-
theoretic model and empirical data, the paper shows that expansion projects reduce transporta-
tion costs, increase efficiency, and largely translate the local time savings into accessibility bene-
fits. The centralized production and division of labor is then the basis for economies of scale
efficiency gains with diminishing marginal utility. With environmental impacts and resource
consumption not being adequately reflected in decision making, the development in transport
was and is largely unsustainable yielding high external costs.

Econometric input-output analysis based on elasticities are also a classic method to assess the
benefits of transport infrastructure investments on the economy. With diminishing marginal
returns towards an economic saturation level looking to past benefits when there was no devel-
oped transport network is grossly misleading. Furthermore, the average benefits of projects
bundles cannot distinguish between efficient and meaningless specific projects. In addition, the
negative effects are systematically underestimated in this type of analysis as there are no func-
tioning markets and limited awareness for environmental quality. Thus, even using revealed
and stated preference approaches for accounting of environmental effects largely underrate
these costs.

The provided theoretical framework in this paper explains both the short and long-term
effects and interactions of transport infrastructure investments on market equilibrium, con-
sumer prices, regions, and population. Furthermore, it explains why high-level transport infra-
structure does not benefit all connected locations equally driving competition in extended
markets. In this regard transport infrastructure investments are drivers of globalization increas-
ing urbanization in agglomerations and depopulation in peripheral regions. Although this
development is largely unsustainable, a radical turnaround with unilateral pricing of external
costs has severe repercussions due to increasing consumer prices and loss of competitivity. As
a general strategy, a multilateral shift on a transnational level to a sustainable, efficient, multi-
modal transportation system minimizing externalities would be optimal. With diminishing mar-
ginal returns and the majority of the environmental impact in the construction phase, an effi-
cient operation and maintenance is key. Finally, with an intact environment as a key future
resource countries prioritizing sustainable modes of transport and efficient investments will
have a competitive edge on the long run.
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