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a b s t r a c t

The Fehmarn Belt is a strait between Denmark and Germany, currently served by a ferry
operator. We analyse competition between the ferry service and a planned tunnel, the
Fehmarn Belt Fixed Link. We develop a differentiated duopoly model to address two ques-
tions: 1. Will the tunnel induce the ferry to exit the market once it operates? 2. Will the
tunnel’s toll revenue suffice to cover its cost? Using real-world data and traffic forecasts,
we show that it should not be taken for granted that the ferry will exit the market, and that
if the ferry competes, the tunnel project will make a loss.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

The Fehmarn Belt is a strait between the German island of Fehmarn and the Danish island of Lolland. Scandlines, a pri-
vately owned ferry operator, connects the two islands with 90–110 crossings per day. Denmark plans to build a fixed link in
the form of a tunnel which could reduce travelling time by about one hour. It has set up a state-owned company, Femern A/S,
as the operator of the Fehmarn Belt Fixed Link, which benefits from publicly guaranteed loans and expects to receive Euro-
pean grants covering about 10% of building cost. Apart from this, Femern A/S is supposed to operate independently of public
resources and receive all its revenues from user fees. In fact, the EU Market Economy Investor Principle requires the Fehmarn
Belt Fixed Link to operate as a profitable business, such that a hypothetical private investor would be willing to fund the
project.
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In order to show that the project is indeed economically viable, the tunnel operator has commissioned a series of studies
and forecasts. Overall, the studies suggest that the tunnel will manage to be a profitable business and will also be beneficial
from a socio-economic perspective (Intraplan and BVU, 2014; Incentive, 2015; Femern A/S, 2016). But the predicted margin
of success is small. These studies presume that the tunnel tolls will be similar to historical ferry list prices and predict that
the ferry will exit the market once the tunnel has been built. DIW Econ (2015a,b,c) questions these assumptions, noting in
particular that appropriate ferry reactions are not sufficiently accounted for.

But for any assessment of the tunnel’s economic viability it is crucial to anticipate the competitive equilibrium of the
ferry-tunnel duopoly. We thus propose a simple model of ferry-tunnel competition. The model is focused on two questions:

1. Will the tunnel induce the ferry to exit the market once it operates?
2. Will the toll revenues cover all costs of constructing and operating the tunnel?

We also analyse these questions empirically. To do so, we calibrate the model with real-world data and determine the
profitability of ferry and tunnel. Our results depend on an assumption about the elasticity of demand. With low elasticity,
the ferry will stay in the market and the tunnel project will make a loss. With higher elasticity, the ferry will exit and the
tunnel will be profitable. Judging from the respective equilibrium demand volumes, the former scenario is more likely.

Our findings contribute to the ongoing debate about the rationale for building the Fehmarn Belt Fixed Link. We show that
it should not be taken for granted that the ferry will exit the market. This has substantial impact on the question whether the
tunnel project can be sustained as a profitable business. Further, it affects the question whether the project creates net ben-
efits for society as a whole. What is more, our model can serve as a blueprint for applied analyses of other cases of competing
types of transportation. Though more elaborate models of route choice exist, the simplicity of our approach allows for inte-
gration into a game-theoretic setup. Using the concept of Nash Equilibrium, one can properly analyse the strategic interac-
tion and price setting of competing services.

The following section relates our analysis to existing literature. In Sections 3 and 4, we develop the theoretical model and
characterize the equilibrium. In Section 5 we describe the empirical analysis. We present the result in Section 6. In Section 7,
we discuss our findings. In Section 8, we conclude. Technical details of both the theoretical and empirical analysis are rel-
egated to the Appendix.

2. Related literature

Literature on the Fehmarn Belt project. Several recent studies assess the economic viability of the Fehmarn Belt Fixed Link
tunnel project. In its most recent financial analysis, the tunnel operator Femern A/S (2016) calculates that the project will
have an amortisation of 36 years. This would make the project a profitable business. A cost-benefit analysis commissioned
by the Danish Ministry of Transport concludes that the tunnel will also be beneficial for society as a whole (Incentive, 2015).
These reports, plus two external quality assessments (Ernst and Young, 2016; Cowi, 2015), provide the latest economic sup-
port for the Fixed Link.

The studies put forward in support of the tunnel are based on the traffic forecast of Intraplan and BVU (2014). The forecast
presumes that the Fixed Link will charge a price of 65 Euro per car and 267 Euro per lorry. These prices are based upon his-
torical ferry list prices. In their main scenario, Intraplan and BVU (2014) assume that the ferry will exit the market once the
tunnel operates, securing the Fixed Link a 100% market share. In a sensitivity scenario, Intraplan and BVU (2014) predict the
Fehmarn Belt traffic under the assumption of continued ferry operation, but note that ferry operations are unlikely to be
profitable.

In a related study prepared for the ferry operator Scandlines ApS, DIW Econ (2015c,b) challenges the assumption that the
ferry will exit the market and concludes that the ferry could very well continue to operate. Accounting firms have also anal-
ysed the financial prospect of ferry operation, focusing explicitly on Scandlines. KPMG (2016) finds that continued ferry
operation would be unlikely. Deloitte (2016), on the other hand, considers it more likely that Scandlines will remain
profitable.

The paper at hand is based on the analyses of DIW Econ (2015c). In Section 7, we detail the differences between our find-
ings and the reports of Intraplan and BVU (2014) and Femern A/S (2016).

Literature on infrastructure projects. There exists a host of ex-ante and ex-post studies analysing the impact of large-scale
infrastructure projects like the Fehmarn Belt tunnel. Several meta-studies provide an overview and a general assessment
(e.g. Engel et al., 2004; Flyvbjerg, 2009, 2014). These studies indicate that the benefits of infrastructure projects are often
overestimated, mostly due to forecasts overestimating the level of transport volumes (demand). Flyvbjerg et al. (2005) reas-
sess more than 200 demand forecasts for transportation infrastructure projects. Roughly half of the ex-ante demand analyses
overestimated passenger traffic demand, on average by 106%. Hence, most projects were not as financially sound as initially
anticipated. This in turn can lead to benefit shortfalls when compared with regional or economic upfront expectations. The
meta-studies stress the need to be careful when forecasting demand. The paper at hand does not challenge the basic esti-
mates on traffic flows on the Fehmarn Belt, but questions the market share that the tunnel will be able to serve.1

1 For a critical assessment of the total traffic flows forecast for the Fehmarn Belt, see DIW Econ (2015c, Chapter 4).
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