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CHAPTER 1

INTRODUCTION!

1.1 Context

Climate change may be defined as a structural @amgwveather patterns, in terms of
precipitation, wind and temperature. It is alsmpid that currently arises frequently in the
daily news. While there is still much uncertaintye scientific consensus is that climate will
change as a result of human activity and will hameinfluence on many aspects of life on
earth in the coming decades. In the Kynate Change 200i®port of the Intergovernmental
Panel on Climate Change (IPCC), some of the mogbitant conclusions are that the
average global temperature has increased by 0.76 WGe past century, and will most
probably increase by another 1.1 to 6.4 °C in tkistury, depending on which measures are
taken to cope with climate change. In addition, Iseel has increased in the™6entury by
17 cm, and is expected to increase by another £8 tom over the course of the®2dentury.
This increase is accelerating as a result of thdtimgeof icecaps on Greenland and
Antarctica. The warming of the earth is mainly eudy the emission of the greenhouse
gases carbon dioxide (GOand methane (CHl the levels of which have increased
significantly due to human activities since thetsththe Industrial Revolution (ca. 1750).

Climate change is expected to make certain aspédife on earth quite problematic,
although there are counterexamples such as tourBlmods, droughts, hurricanes and bad
harvests may be the kind of natural disasters eggdo be associated with climate change.
In an economic sense, production in the new enmient after climate change may be more
costly, partly due to the costs of adaptation. éased variation and less predictability of the
weather may also have an increasing effect on.costs

Markets that are frequently mentioned in the cantéxclimate change include, for
example, agriculture, tourism and transport. Inlarabigation, however, is a topic that

appears less in the headlines. For example, noy people are aware of the true importance

! A summary of the results in this dissertation gublished in Demirel et al., (2010), Climate chaagd inland
navigation between the Netherlands and Germanyead®momic analysis, Chapter 2 in the boblke Social and
Behavioural Aspects of Climate Change: Linking ¥uéiility, Adaptation and Mitigatignedited by Pim
Martens and Chiung Chang, Greenleaf Publishing.

2 For a review on the social and behavioural aspeatimate change, see Martens and Chang (2010).
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of inland navigation for countries along the Rhimngr in North-Western Europe. So it is
likely that few people give consideration to thesgible impacts of climate change for this
mode of transport. Interestingly, neither is theneich scientific work on the transport
economic aspects of inland navigation either (ss&i&n 1.2). This also holds for the effect
of climate change on inland navigation (see SectiGj

While mitigation of the effects of climate change prevent a worsening of the
situation, adaptation to climate change seemstiaee for the actors affected. Governments,
private sectors and consumers will all have to &kend measures to adapt to the conditions
after climate change. For the inland navigation ketithis would include a considerable
range of adaptation strategies such as: bargedssigh adjustment, fleet-composition
adjustment, infrastructure adjustment, adjustmdntscontract-design, modal-shift; and
adjustment in stock-keeping behaviour and relooatip customers.

The remainder of this introduction proceeds aWdl. In Section 1.2, we describe
the importance of inland navigation as a mode ahdport in North-Western Europe. In
Section 1.3 we examine the impact of climate chaogeinland navigation in Western
Europe. In Section 1.4, we briefly discuss the ilabhee theme in freight transport. In the
concluding Section 1.5, we present the motivatibe,research questions addressed and the

outline of the remaining chapters of this dissetat

1.2 Inland navigation

1.2.1 Importance

Inland navigation is a mode of transport that hexatn unique qualities over other modes
such as rail and road transport. It has a costrddga, it is more reliable, and can transport
large volumes. However, there are also disadvastayeh as no door-to-door-receipt-and-
delivery possibility and lower speed.

The importance of inland navigation as a transpoode for countries in North-
Western Europe can best be understood from theefgon modal split. Table 1.1 shows for
example thawithin the Netherlands, for both domestic and internafitrnsport, more than
one-third of all tonne kilometres are transportgdifdand navigation. For Belgium this is

more than one-seventh.
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Table 1.1: Modal split in tonne-kilometres for Wast European countries (in percentages)
in 2008

Country Inland Navigation Road Rail
The Netherlands 34.7 59.9 5.4
Belgium 15.8 69.1 15.1
Luxemburg 3.3 94.2 2.5
Germany 12.3 65.5 22.2
Franct 3.5 80.6 15.9

Source: Eurostat, 2010.

To get an idea of the volume of transpbgtweencountries, we present the figures for
transport between the Netherlands and Germany. 006,2 127 million tonnes were
transported from the Netherlands to Germany by ,read, and inland navigation. From
Germany to the Netherlands this was 73 million &mrOf these volumes, transport by inland
navigation accounted for 58 per cent (78.0 milltmmnes) of all transport, measured in
tonnes, from the Netherlands to Germany. From Geyn@athe Netherlands, this was 41 per
cent (32.3 million tonnes) (CBS, 2010; TLN, 2007he reason that there is such an
imbalance in the volume of tonnes transported ih biirections is that the Port of Rotterdam
is the main port of entry for bulk materials sushcaal, iron ore, and agricultural products
moving into its hinterland. The flow of primary hacts of this type in the opposite direction
is considerably smaller.

Transport by inland navigation in North-Western @&pe mainly occurs along the
Rhine (see Figure 1.1 for a map of the river Rkand the Rhine area). In 2006, transport
along the Rhine accounted for 63 per cent of tathime transported by inland navigation in

Europe (CCNR, European Commission, 2007).
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Figure 1.1: Map of the river Rhine in Western Ew@op

The north-south route between France, Belgium had\tetherlands carried about 15
per cent of the volume and the east-west routeoitiNGermany, linking Eastern Europe and
the German North Sea ports to the industrial Rubéa,aabout 4 per cent. Finally, the Main-
Danube route, from the south of Germany to the BBea carried about 10 per cent (CCNR
and European Commission, 2007). The Rhine is softapt because it connects the seaports
of Rotterdam, Amsterdam and Antwerp with the maitustrial areas in Germany. In 2006,
about 320 million tonnes were transported on thén®ltorridor (CCNR and European

Commission, 2007).

1.2.2 Literature overview

Not only within the climate change literature blgoawithin the transport literature, transport

by inland navigation is a topic on which less i®lmhed than other modes. The main reason
is probably that inland navigation only takes placea large scale in certain geographical
areas in the world. The most important are par&wbpe (the Rhine and Danube Rivers and
their tributaries), the US (the Great Lakes ared thie Mississippi River), and China (the
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Yangtze and the Pearl River). The literature thites inland navigation to climate change is
discussed in Section 1.3.

A good start to the literature overview on inlandtarways is provided by Dupuit
(1844). Transport along canals was once the mopbiitant mode of transport in newly
industrializing countries: a well-known exampletbis is the period of the Canal Mania in
Britain between 1790 and 1820 (Burton and Tayl®&93). Dupuit was a French engineer
who was responsible for benefit-cost analyses @dnlip works such as canals and bridges.
The benefit-cost analyses for these projects pasgartant intellectual challenges. As a
consequence, he was the first to introduce econamicepts like marginal utility and
consumer surplus (see Ekelund and Hébert, 197@)thén remarkable study is that of Fogel
(1964) on the history of economic growth of the tddi States in the 9century. While
railroads are often claimed to be one of the maimrdbutors to the economic development
of the US during this period, Fogel claims thah# investments in railroads had been made
in the inland waterway network, a similar growtfeet would have resulted.

Other scientific work on inland waterways, whichetafrom the beginning of the 20
century, was descriptive and US oriented. Latethin 28" century, topics covered include:
infrastructure (Patton, 1956; Johnson, 1911; Chishd907); competition with railroads
(Kelso, 1941; Fisher, 1915; Johnson 1909); anccpand regulation issues (Johnson, 1911,
Wilcox, 1931). Between 1955 and 1970, we could lyafthd any scientific studies on
transport by inland navigation.

From 1970, studies become more analytical. For pl@nCase and Lave (1977),
Bongaerts and van Schaik (1984), Miljkovic et &0@0) and Yu et al. (2006) use
econometric techniques to investigate the determénaf transport costs. Polak and Koshal
(1980) study the effect of progress in technologytlte costs of inland waterway transport;
Hong and Plott (1982) examine the effect of regoiaton freight prices, volume and
efficiency; and Babcock and Lu (2000) make shartéorecasts for the number of tons of
grain that is transported on the Mississippi Riveland navigation appears in the transport
network approach that is followed by Beuthe anddon. In Beuthe and Jourquin (2006),
they review the NODUS model, where transport bgnl navigation is one of the modes in a
multi-modal transport network model.

With the growth of container transport, more litara has been written on this part of
the inland navigation market. Examples are Konif&§03; 2006; 2007; 2009), Notteboom
(2007a; b), and Notteboom and Konings (2004). Téw section discusses the vulnerability

of inland navigation to climate change in the gapdical area of North-Western Europe. In
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that section we also give a brief review of thesgrg literature (for a more detailed review,
see Jonkeren and Rietveld, 2009).

1.3 Climate change and inland navigation

Predictions about the future state of the climageadten made with the use of climate change
scenarios, where probabilities about the likelihobdcenarios may or may not be reported.
In its Special Report on Emission Scenarios' of SRiEe IPCC reports scenarios which are
mainly based on assumptions about future developofestemography, the world economy,
use of ‘clean’ technology, and degree of globalmatFor the Netherlands, climate change
scenarios have been developed by the KNMI (The Rd®etherlands Meteorological
Institute). In 2006, KNMI produced scenarios foe fear 2050, and these are summarized in
Table 1.2.

Table 1.2: KNMI scenarios for 2050 relative to 1990

Global temperature increase

Scenario _ Change of atmospheric circulation
in 2050
M +1°C Weak
M+ +1°C Strong
w +2°C Weak
W+ +2°C Strong

Source: KNMI (2006).

Possible future water levels on the Rhine can bévet® on the basis of these climate

scenarios. In Figure 1.2 we present the predicte@mdischarge (in cubic metres per second)
within one year in 2050 at the Dutch town of Lobgftuated on the Rhine close to the border
between the Netherlands and Germany. The four 8okd correspond to the four presented
scenarios above, and the dotted line corresponttsetourrent situation. It can be seen that
especially the M+ and W+ scenarios predict low wédgels between May and December.

All scenarios predict higher water levels betweamuary and May.
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Figure 1.2: Predicted water discharges on the Rdtih®bith in 2050 for different scenarios
Source: Te Linde, 2007.

Traditionally, transport has entered the climatange discussion as one of the main
generators of climate change due to the emissignesfnhouse gases. Therefore, most of the
discussion has been about mitigation strategiesdace the emission of greenhouse gases.
The implications of climate change for the tranggector has received less attention, but is a
topic that is being increasingly researched. FamngXe, for a recent review on the effects of
climate change on transport, see Koetse and Rie(2609).

This dissertation focuses on the effects of climetange on freight transport by
inland navigation in particular. Climate change nafect transport by inland navigation
positively. This is seen, for example, in the Acciirea where water transport is becoming
possible as a result of shorter ice periods (Jasameet al., 2004; Somanathan et al., 2007).

Other areas in the world, for example, the NorthstMeuropean area, which is the
focus of this study, are expected to experiencehtmenful side of climate change. When
climate change means lower water levels, the calreapacities are reduced because a
minimum distance between the barge and the riveminest be maintained.

For North-America, the literature on the effectbimate change on inland navigation
can be summarized as follows. Marchand et al. (L888mate the increase in average annual
shipping costs due to climate change in the Graket — St. Lawrence area in Canada. They
find an increase of 5 per cent between 1979 andb.26Bwever, this study may be

considered outdated as other climate scenarios kiaee been developed. For the same
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region, Millerd (2005) estimates an average inaeass8 per cent of shipping costs between
2001 and 2030. For the Middle Mississippi Riversédl et al. (2005) estimate losses in
shipper savings due to low water levels, wheremisavings is defined as the difference
between the costs of shipping by inland navigaton the (second) cheapest alternative.
They estimate an annual loss of $77 million per ygaaverage between 1933 and 2002. For
the year 2100 they predict losses of $118, $10%2# million per year depending on the

climate scenario used.

In Europe, as was stated in the previous sectidand navigation in North-Western
Europe mainly takes place along the Rhine. Some@epties of the Rhine which have,
historically, made it attractive for transport, Bugs stability of water levels and sufficient
depth, now seem to be vulnerable to climate chafkge.this river, climate change is
expected to manifest itself in more extreme lowesdgvel periods in summer and more
extreme high water-level periods in winter (Middadip et al., 2000, 2001; Te Linde, 2007).
Haasnoot et al. (2009), and Offermans et al. (2@86pose a society management based
method to evaluate adaptations in the water systestimate change. The IAMM model they
develop presents possible adaptation paths, suathasges in barge size and dredging
intensity, over the course of a century. Howeussytdo not report economic welfare figures
for, or optimality of, the strategies against lowter, as we do in Chapter 2. For 2050, by
means of interviews and simulation, Nomden and Banrsen (1999) estimate an increase
of 10 per cent in the unit cost of transport byaimd navigation for the Rhine area. In the
summer of 2003 water levels dropped so much theigagon was only possible at low
freight capacities for a long period of time (alm6snonths), and the transport cost per tonne
increased accordingly. For that year, Jonkeren.gR807) estimate a welfare loss of €91
million for the KauB spot market. Royal Haskoning (2007) arrive atilar welfare loss,re-
estimating the model in RWS-RIZA et al. (2005).

High water levels increase flood risk and causdicdities with bridges and
motorways, especially for container transport. bseas of extreme high water levels,
navigation may be halted completely. This is, hosvevextremely rare (see RWS-
Infocentrum Binnenwateren, 2009).

Other negative aspects of climate change may breases in the mean and possibly
in the standard deviation of the arrival times afges (this may be summarized under the

heading reliability). High water levels result in ancrease in the number of blockades, and

3 Kaub, is a place along the Rhine that is the rimgbrtant bottleneck in terms of capacity due v lwater.
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low water levels decrease capacity and result (umddastic demand) in more traffic. Both
have a negative impact on the mean arrival timeekample, for the year 2020, Quispel and
Visser (2007) predict that waiting times at certaicks in the Rhine area will increase by 23
per cent due to climate change. However, BeutheBandfioux (2008) report that reliability
may not be as important for customers of inlandgation as compared with, for example,
road transport.

As mentioned above, low water levels cause lowghecapacities, but maybe also
lower speeds, and therefore increased freight ppes tonne transported. High water levels
may cause navigation halts due to flood risk amaébety reasons.

Both extreme low water levels and high water leaetsharmful in terms of economic
welfare. Jonkeren (2009) estimates a welfare |16€287 million following from an increase
of the transport cost caused by low water levelgtie whole Rhine area. High water levels
leading to a ban on water transport do not oceeguently, which is why the focus in this
dissertation is on the effects of low water levels.

By taking adaptation measures, the harmful impattdimate change on this market
can possibly be decreased. These measures maytdgorized into public, carrier, and
customer measurefublic measuresnclude mainly infrastructure investments such as
dredging, canalizing and building reservoif3arrier measuresinclude changes in fleet
composition, barge design or barge si2astomer measurasay include changes in stock-
keeping behaviour, and relocation to locations thepend less on transport by inland
navigation. Changes in contract design, especialjow-water clauses, is an adaptation

where both carriers and customers play a role.

1.4 Imbalances in inland navigation markets

In freight transport, imbalance in good flows betweregions is a commonly observed
phenomenon. As an example from the inland navigatiarket, in 2006, 126 million tonnes
of goods were transported from the Netherlandotmtries abroad, while the opposite flow
was 64 million tonnes (CBS, 2010). Freight pricesl daransported volumes are to some
extent determined by the degree of imbalance inasheirfor transport between regions,
which will be analysed in more detail in Chapte8 4.

While demand for transport is direction-specifidaege share of the transport cost is

joint. As carriers often have incentives to return ® lthcation of origin, this means that the
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cost for a return trip is made together with thanthaul trip (see Pigou, 1913). This situation,
where carriers face the risk of finding no backh@ulpassengers) for the return trip because
of low(er) demand for transport on the return jayinis frequently referred to abe
backhaul problem.

The ‘backhaul problem’ is a well-known phenomenotransport economics, both in
freight and passenger transport studies. It anssguations where the volume of transported
goods or persons is not in balance between twom(ore) locations, which means that
transport flows are mainly in one (or more) domindirection(s). Since the inland navigation
market has a large number of suppliers and cosenwoy into these markets are low, one
might assume competition to model freight imbalanicethis market. On the other hand we
observe that market frictions, such as lack ofrmi@tion on the time and location of demand
and supply, play a role in freight price formation this transport market. This lack of
information also expresses itself in search andimgaitimes. In order to deal with these
issues, and to enrich the literature in this field deviate from the standard competitive
model for backhaul (see Boyer, 1998; Felton, 198hy develop a matching model in this
context.

The backhaul problem often leads to a lower loadofain low demand directions.
Carriers may follow different strategies to copéhwthe backhaul problem. Different pricing
of fronthaul and backhaul trips may be used byiearto keep flows balanced to some
extent. Other strategies may for examplenadting (when the imbalance in demand is only
temporary), ottriangular routing which means that carriers do offer not only bedtional
services but also transport services via additioodes in a network (see Button, 2001).The
focus in this dissertation is on pricing and wajtin

Freight prices determine, among other things, #mahd for the transported goods.
For example, in Krugman (1991), freight prices uefice trade and therefore regional and
international transport demand. Freight pricesordy depend on costs of transport but are
also determined by direction-specific demand. loneenic terms, we can say that freight
prices are endogenous with respect to transporaddnin a recent paper Takahashi (2010)
studies imbalance in a New Economic Geography rmgettiTakahashi concludes that
differences in freight prices are the result offatiénces in the economic size of regions.
Larger regions pay a higher freight price. Diffares in freight price, therefore, have the
effect that regions become more equal in econoiné& mbalance in a context with location
shift of firms and agglomeration, and endogenoagft prices is studied by Behrens et al.

(2009). However no distinction is made betweentfranl and backhaul prices.
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As we will show, the imbalance feature is also vaté for transport by inland
navigation, and it has specific implications foe tbonsequences of climate change on this
sector. Changes in policy, or environmental charsyeh as climate change, have different
economic impacts for regions when there is an iari# in transport flows. In this
dissertation, which studies the combined effectsliafate change and freight imbalance, we
shed light on policy questions, such as how to eshthe burden of a climate-related
infrastructure improvement in a transnational centé\ common practice is that each
country pays for the infrastructure improvemenisated on its own territory. However, in
the case of backhaul problems the benefits of tygravement are distributed in a rather
uneven way: one country will receive a larger sludréhe benefits than the other. Knowledge
concerning how the benefits are spread betweenwhbelocations (countries) helps us to
arrive at a proper division of infrastructure co3isis is relevant for those countries along the
Rhine or Danube where water management costs toovmpthe navigability have to be
shared between countries, and where benefits areenty spread because of the backhaul

problem.

1.5 Research questions, relevance and outline oktllissertation

The inland navigation market of North-Western Ewdpces potential problems due to
climate change. Different measures may be takegobgrnments, carriers, and customers to
cope with the negative effects of climate chande &ffects of climate change on the inland
navigation market may also be different for regiawith different demand for transport by
inland navigation. The research carried out in dlissertation can be seen as an investigation
into adaptation strategies and the interactionetsffef imbalance and climate change on the
inland navigation market. This gives rise to théofging two main research questions for

this dissertation:

1. What is the optimal barge-size adjustment for bargerators to cope with climate
change, and what are the implications of climatange for investments in inland

waterway infrastructure by the public sector?

2. What is the impact of climate change on freightgsiin the inland navigation market

in the presence of direction dependent freight ian@es?
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This dissertation is, on the one hand, relevarg esntribution to scientific literature, while,
on the other hand, it can support (societal) decisnaking. As stated earlier, there is still a
gap in the scientific literature on the transparbreomic aspects of inland navigation in
general. This dissertation contributes to thigditere by approaching the field in a climate
change context. In addidition, the incorporationimperfect information to the backhaul
literature can be seen as a contribution to the@woic theory. We show that imbalance leads
to different impacts of climate change in differeagions (even though the climate change
may be the same for these regions).

As a contribution to decision making, the adaptatirategies that are evaluated from
a welfare economic perspective can be mentioneth Bovate decision making (choice of
barge size) and public decision making (choice mbant to invest in infrastructure) are
supported, by providing the optimal values to besem for the instruments available. By
taking the imbalance issue into account, this stuighgs insights into how to achieve a fair

division of the costs of potential infrastructuiralestments on an international level.

1. Introduction: Climate Change, Inland Navigation amihalance

v
2. Climate Change and Adaptation Strategies of:

- carriers

- infrastructure managers

i i

3. Imbalance and Climate 4. Imbalance and Climate

Change (theoretical approack Change (empirical approach

l ‘ ;

5. Conclusion

~—

Figure 1.3: Schematic representation of the outhinge dissertation

In Chapter 2, Research Question 1 is addressedrimufating a micro-economic model and

deriving optimality conditions for instruments t@pe with climate change. In addition,
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numerical results are given for the case of then®hinarket. Research Question 2 is
addressed in Chapter 3 by a mainly theoretical stigation into imbalance and its
implications for climate change impacts, and thenabh empirical analysis of the Rhine
market in Chapter 4. In Chapter 3 a matching maesed to derive, theoretically, the effect
of directional flow imbalances on freight pricesan imperfect information setting. After
establishing this effect, climate change is takatio iaccount, and the interaction between
climate change and imbalance is presented. In €hdpimbalance is studied empirically for
the case of the Rhine market in Western Europeptehd concludes. The outline of the

dissertation is shown schematically in Figure 1.3.
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CHAPTER 2

PRODUCTION UNCERTAINTY IN THE INLAND NAVIGATION
MARKET: CLIMATE CHANGE, OPTIMAL BARGE SIZE, AND
INFRASTRUCTURE INVESTMENTS

2.1 Introduction

In many markets, supply is by its very nature a#dcby weather conditions. Important
examples are agriculture, tourism, and transpant.tRrese markets, weather conditions can
be regarded as an exogenous source of productioertamty which results in a highly
correlated shocks in output for producers withintaia geographical areas. Production
uncertainty encompassesarket uncertaintywhere market prices for inputs and/or outputs
are uncertain, aneéchnological uncertaintywhere the amount of the output to be obtained is
uncertain (see Gravelle and Rees, 1992, pp. 643-6Markets that are affected by weather
conditions will also be exposed to climate chawgaich may be defined as a structural shift
in weather conditions.

The most studied form of production uncertaintyhia economic literature is weather
uncertainty and its influence on the agriculturabrket. An essential feature of the
agricultural market is that the outputs of agriotdt firms are strongly correlated with
weather shocks, at least at a regional level andifoilar products. For example, Solomou
and Wu (1999) measure weather effects on agri@lltomtput in Western-Europe for the
period 1850-1913. They find that weather shocksaexetween one-third and two-thirds of
the variation in agricultural output.

In this chapter we study (in addition to optimdrastructure investment) the welfare
effects of choosing an optimal barge size, whiabwshsimilarity to the optimal input choice
in the agricultural economics literature that istfideveloped in the 1970s. A key study is
Feder (1980), who studies the optimal scale of atpmr for cultivating modern crops under

new technology and uncertainty. He derives botlofitenal amount of fertilizer and optimal

* “Technological uncertainty’ is also called ‘outpumcertainty’ in the literature (see Saha 1994)ePand
Kramer (1979) also use the term ‘production undetyafor what we call ‘technological uncertainty’.

® For example, for the inland navigation market, iiflevant effect of climate change is the expecteghge in
the statistical properties of water levels, whieltedmine available capacities for transport.
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amount of land to be used in an agricultural prdidagprocess. Pope and Kramer (1979) also
derive optimal input choice under uncertainty, @odclude that an increase in uncertainty
may lead to an increased usage of inputs. Whilenoaalel setting shows similarities with
these studies, we particularly focus on models wiitised form solutions. This has a number
of advantages. For example, it facilitates the rpritation of the theoretical results.
Moreover, it simplifies the numerical analyses. W& the model to study the effects of
public intervention on welfare in the inland naiga sector.

Transport is a market which is strongly influendsdweather conditions. Weather
variables, such as rainfall, snow, ice, and wirajehdifferent, but mostly negative, impacts
on the output of the different transport modes. &orempirical overview of the effects of
weather (and climate change) on transport, seeskamid Rietveld (2009). They conclude
that: (i) most studies focus on passenger transptrer than freight transport; (ii) the effect
of extreme weather on transport accidents haswedenost attention; (iii) most studies deal
with the effect of short-term variations in weathehereas studies that consider long-term
impacts are rare.

The inland navigation market, is strongly affeclsdweather conditions, as rainfall
and temperature (through evaporation) have anenfla on water levels. As mentioned in
the introduction, extremely high water levels magad to navigation halts on rivers, as
navigation becomes too dangerous because of flaigd and may give problems with
infrastructure like bridges and motorways. Extrdowe water levels reduce available freight
capacities for carriers, as a minimum distance rbasnhaintained between the barge and the
bottom of the river. Both extreme low and high wdévels lead to economic welfare losses
due to limitations in supply. For empirical estiesbf welfare losses due to low water levels,
see Jonkeren et al. (2007).

In recent years, the River Rhine in Western Euiog® been the main example of a
river that is potentially affected by climate chandgrhe Rhine is the most important
waterway in Europe. About 70 per cent of all inlamaterway transport in the former EU-15
Member States is carried via the Rhine (see Jonketeal., 2007). As a result of climate
change, water levels on this river may become strally lower in summer and higher in
winter. Also more variation in water levels in suems predicted for the futufe.

The choice of barge size may function as an instntnto cope with water-level

uncertainty. While one advantage is that a larger barge makpssisible to benefit from

® For evidence see a study on future water-levehdisyes on the Rhine by Te Linde (2007).
" In the analysis we keep barge-design constantghwiniay be a topic for further research.
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returns to scale, a disadvantage is that largeebaate relatively more affected by low water
levels than small barges. Under uncertainty in wheteels, a trade-off between advantages
and disadvantages must be made. Even now, wheateliohange is (only) expected, barge
operators have to make investment decisions ragatte size of their barges that have long-
lasting consequences.

However, optimal adjustment to climate change isjust a matter of private sector
adjustment. The public sector in its role of theier of the waterway infrastructure might
also contribute. An important question is what thyaimal composition of the overall
adjustment strategy is in terms of the shares efptivate and the public sector. More in
particular, we will address the potential contribntof both private and public actors when
they act independently, and compare this with #s=avhen a joint optimization takes place.

We formulate a theoretical model which determinesk®at equilibrium and economic
welfare under choice of optimal barge size and arhoi infrastructure investment by the
government. The number of active barge operatadstlaa freight prices are also dependent
on the degree of uncertainty in water levels. Higineight prices may result because of a
scarcity effect when capacity is reduced. Higheight prices may or may not compensate
barge operators for the reduction in capacity. Eentain choices of the form of the Von
Neumann-Morgenstern utilityfunction and the demand function, we are ableexvd the
optimal barge size analytically.

In Section 2.2 we present the theoretical frameviorkhe inland navigation market
under water-level uncertaintyn Section 2.3 we determine the equilibrium freightes, the
equilibrium number of barges active in the markad axpected welfare. In Section 2.4 we
derive the optimal barge size chosen by barge tpsran the market. In Section 2.5 we
present an analysis of infrastructure investmemctiBn 2.6 then gives the numerical
presentation of the work described in Sectiong@25, including a sensitivity analysis with

respect to climate change. Section 2.7 concludes.

2.2 Theoretical framework

In this section we formulate a theoretical framdwtor study the strategies of carriers and the

government to cope with output uncertainty, asioed in the Introduction. An abstract

setting is chosen, where we assume demand fopwerfsom one end point, e.g. a mainport,

8 See Von Neumann and Morgenstern (1944).
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to the other end point, e.g. the hinterland. Transpccurs at discrete points in time at
t=1,2,..,T, wheret is measured in a period of fixed length, e.g. &kvéVe will apply
this setting to the inland navigation market, assgnoutput uncertainty due to water-level
uncertainty, but it is of course applicable to aetting.

We now focus on the supply side. Barge operatoesamsumed to be identical,
possess exactly one barge, and are risk averse =Al, barge operators decide whether or
not to enter the market. When> 0, a barge operator cannot leave the market tntill’, so
the number of barge operatd¥g is fixed during this period.

For each barge operator, the effective (supplyacip available for transport at time
t, q;, depends on the water leveltalWWhen water levels are low, capacity is restricesla
minimum distance must be maintained between théodmof the river and the barge.
Therefore, in the relevant range of water leveépacity increases with water levels. We
assume a discrete probability distributionggf which is assumed to be independently and
identically distributed at discrete moments in-titne 1,2,...,T.

We assume that a barge operator incurs only fixests« (including costs of
transport). This may be justified as fixed costsoamt for the majority of a barge operator’s
total costs. For a trip beginning at timeC is paid at the beginning of a periodand the
revenue is received at the end of the trip at tinkel. We assume that freight prices for a trip
beginning at time are fully determined by supply and demand facabismet. We assume
a constant elasticity demand function for transpotih elasticitye. Aggregate demang; in

tonnes is then given by:
Q: = Ngq; = ap;t, where a>0,e<0, (2.1)

wherep;, is the freight price per tonne. Hence, the invetsmand function may be written

as:
1

bt = (iNBCIt)S- (2.2)

Following conventions in financial economics, it @assumed that the barge operators’
objective function depends on returns on investniether than profit§) Periodical returns

are defined by profitp.q, — C relative to expenses. So we denote thgeriodical return by

° By using returns rather than profits, we are alsie to derive analytical results.
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T = % — 1. We assume that there exist markets (e.g. stockats), where barge operators

reinvest their excess returns, that yield retudesiical to the returns on their investment in
the inland navigation market (we do not see thssiaption as essential but this reduces the
complexity of the model). Theverall returnR for the period betweenh=0 andt =T is
then defined bR = [17_,(1 + ) — 1.

In order to model the barge operator’'s preferengeder uncertainty, we use the
commonly employed expected utility approdtin this model, economic agents base their
decisions on the expected value of the utility giwhe probability distribution of the
underlying uncertainty. We use a utility functidrat is logarithmic and exhibits decreasing
relative risk aversion (DARAY. This utility function is widely used and can merhulated?
as:

U(R) =In(1 + R). (2.3)

Barge operators base their entry decision on thpeard utility of entering, which is in

expanded form equal to:
E[UR)| =T GlnNB —élna —InC + (1 + %) E[lnqt]), (2.4)

where we used the assumption of an independenidantical distribution of capacities over
time. The probability distribution of capacitiesassumed to be discrete, wharedenotes
the probability that capacity; is realized, for possible state of the water Ilgvet 1,..,m.
Furthermore, water-level states are assumed todered in an increasing manner, meaning
that a highef means a higher water level. We also assume thigihar water level implies a

higher capacity; per barge.

2.3 Equilibrium

0 For a theoretical introduction, see Mas-Coletle{1995).

11 By ‘exhibiting decreasing absolute risk aversi@ARA)’, we mean that the Pratt-Arrow absolute risk
aversion coefficient is decreasing, which is defires (y) = —U"(y)/U’(y), where A is the Pratt-Arrow
relative risk aversion coefficient] is the utility function; andy may be a quantity such as income or return. A
decreasingabsolute risk aversion coefficient means thatrisie aversion decreases for higher levels of income
or return, which was argued by Pratt (1964) to biegin line with people’s observed behaviour. Foore
details, see, e.g., Varian (1995).

12 For an example where this type of utility speeifion is used, see Levy and Markowitz (1979).
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The barge operators’ utility of investing in rislke¢ assets (R”) = In(1 + R'), whereR”
denotes theverall risk-free interest rate; and denotes th@eriodical risk-free interest rate,
sor/ = (1+ R)YT —1. The free entry condition implies that the expdctgility which
barge operators derive from their investment isabgu investing in risk-free assets. So the
equilibrium condition on returns B[U(R)] = U(R”).

This condition, combined wit(2.4), yields the equilibrium number of bargés;:

Ng =« (1 + rf)e Cse—(e+1)E[lnq] =a (1 + rf)s Cee—(s+1)2?;1nilnqi

a (141" ce
= 2.5
(Hglqini)(ﬁl) ( )
It is seen thal; depends on the elasticity of demanand the geometric mean of the barge
capacity. If demand is elastie < —1), Ny depends positively on the (geometric) mean of
the capacity, and negatively if demand is inela&tit < € < 0). This implies that a higher
capacity leads to less barges in the inelastic, dmgdo more barges in the elastic one.

Given(2.2) and(2.5), the price per tonne at timmébecomes:

a+rHc
(I, gm)(1+2)

1
qi¢ .

Pe

This expression shows that both realized capatityre t and the properties of the capacity
distribution function play a role in the determioat of the price per tonne at tinte since

€ <0, p, depends negatively on realized capagjty Furthermore, if demand is elastic
(e < —1), p; depends negatively on the geometric meag,pfind vice versa if demand is
inelastic(—1 < e < 0). For the special case that —1, one getg, = (1 +r/)C/q,, and
prices per tonne do not depend on the geometritroiethe capacity in a certain period.

To compare the effects of different interventioosope with water level uncertainty
or, to be more specific, the increasing probabiityow water levels due to climate change,
we are interested in expected welf@g/]. In the welfare analysis, the profits of barge
operators can be neglected as these can be gainedvéstments in risk-free assets.

ThereforeE[W] can be calculated as:
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T+1

——p FEICS:,

E[W] = 1

where CS, denotes the consumer surplus at titnderived from transport on the market
analysed, andd = (1 +r/)"! is the weekly discount factor. We consider changes
expected welfareAE[W] = E[W] — E[W,] , where E[W,] is the expected welfare in a

reference case. This expression can be writtén as

pT+i_p
D-1

AE[W] = E[W] = E[W,] = (E [CS] = Eo [CSoD)

St (y(3) g [g)] - ) B, [4)]) ). (2.6)

2.4 Optimal barge size

In this section, we derive optimality conditionsr fthe optimal barge size chosen by a
representative barge operator, and present a efosmdsolution of the optimal barge size
under certain assumptions.

In the optimal barge-size discussion, barge-sipac#iesq; and the cost functiod
need to be specified as function of the barge 8aege sizej is defined as the maximum
value of the capacity function (in tonnes), whiclkeansg = max{q;,i = 1,2,..n} = ¢,
Capacities are denoted hy(g) and the cost function b§(g). Given this notation, expected

utility as formulated in(4) becomes:

E[lUR)] =TE [ln (p‘—gt)] =T E[Inp, + Inq; — InC(@)]
=T (E[Inp] + E[Ing;(q)] — In C(g)).
As barge operators are price-takers, and no bamgrator can influence the price

individually, the first-order condition (FOC) foxpected utility maximization with respect to

qis:

13 For intermediate steps, see Appendix 2.A.
14\We assume that barges are designed such thaiisheréredundant’ capacity, which means thagaibnnes
per barge can physically be transported at thedsigivater level.
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)

OE[UR)] _ . (E [@] c '(q))
g a@| C@
or in a more compact form:
s [@ (@
q@] @

This expression may be interpreted as a ‘(relativajginal benefit equals (relative) marginal
cost’ condition.
The second-order condition (SOC) for expectedtytihaximization with respect @

gives:

PEUR] (o (4@ (qé(c‘z))z @ (C’(@))Z
072 ‘T@”‘(qi@ w@) )@ \c@) )<

=1

or in a more compact form:

¢"@ (f '@ ] c”(q)_(c/(q))z
E[q(q) Ga) |<cw \c@)-

We provide a binary examplen = 2), where we have capacity, (g) = g for high water
levels H, and capacity,(q) < g for high water leveld., and wherer, andm, are the
associated probabilities.
The FOC for the binary example is given by:
q.(Q) 1 C@
T — 4 (1 — T ): = .
"a.@ Y3 @

And the SOC is:
@ (@Y ., .1 C”(e‘z)_(c’(q))z
"L(qL(ci) (cu(c‘z))) G-mz<To \t@)

As one may expect, the first-order and second-ocdeditions restrict the choice of the

functional forms ofC () andq,(g), as well as their parameter values. We chooseamge

with the following functional forms that have emp# support, (see Section 2.6 for
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numerical examplest:(q) = K, + kG2 andq, () = ¢og®* with kg, k1, K3, Po, 1 > 0. If
the SOC holds, this yields a unique global optibabe siz&:

— ( Ko(1 —m, +m 1) >1/K2

ki(ky —1+m, —m ¢y

Employing comparative statics, we find that:

1

))Kz ;cl(z_K_lz)((l)l ~1) Ky +2(—=1+m, —mphq)

(Kl(Kz —1+m - 7TL¢1))2 ’

0(7_1( 1_7TL+T[L¢1
anL_KZ Ki(ky —1+m, —m ¢,

which means that a higher probability of low wdtarels (or, otherwise stated, more extreme
climate change) leads to the choice of smaller dafghe capacity function is concave
(¢, < 1). If the capacity function is indeed conca\g, < 1), the comparative statics with

respect to the convexity parameter of the capdetomes:

1
6(7 1 ( 1- T, + 7TL¢1 )E (Ki_l K,
= KO 2 Kl 7TL .
(16, =1+, —m,1) (K1(K2 -1+4+m, - 7TL¢1))2

(oJoR B K3

Thus, a more convex capacity function leads toctimce of larger ships. For the convexity
parameter of the cost function, it is immediatelgac that;T67 < 0. This means that more
2

expensive capacity leads to the choice for smabeges. We observe that the optimal barge
size does not depend on the elasticity of demand.e®planation for this is that barge
operators individually cannot influence the marfkeight price when they choose their barge

size. Therefore, the elasticity parameter doeentar the first order condition.
2.5 Optimal infrastructure investments by governmen
Another instrument, this time available to the goweent, is the investment in inland

waterway infrastructure. Inland waterways may bpistdd to cope better with water-level

uncertainty and climate change. Usually this meainesiging the river or building barrages

15 For the intermediate steps and the SOC, see App@ril
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across the river, which both have an increasingcefin water levels and therefore capacities.
Infrastructure investments are modelled such ttegdacities increase as an effect of a
monetary investment. Therefore, apart from emgir@ansiderations, we do not need to
specify the type of infrastructure project.

Technically, we model an investment in an infrasiuee project as increased
capacitiesg;(g) such thatg;(g) > q;(g) for i = 1,...,m. The cost of investment in
infrastructure at the beginning of a period (yésudenoted by = 1({§;(9)}i=1..m)- Optimal
investments are derived from maximizing the changexpected welfafg where a level of

zero for the investment is used as the referense ca

T+1

AE[W] = ﬁ(15[65] —E[CS,]) -1

() 5[ ] <) £, [ )

o (Er1)el)

We also need to substitute the equilibrium valu&ygfas from a social planner’s perspective

the number of firms in a market is endogenous. Yigkls:

pr+i_p @+ C@)E [qi@“)] Ngo &Y E, [qi(%ﬂ)]
AEW] = —5— N 1 1 -1
Co)@mg D @)l

This is the criterion which is maximized in the rencal welfare analysis in Section 2.6. In
two cases, only investments in infrastructure aresiclered, andE[W] is maximized ovef.
In order to maximize ovef, further assumption are made @) in all presented cases. In
two other cases, both infrastructure investmentsapacity choice are consideréd[IW]
is then maximized ovdr, andE[U(R)] is maximized ove{j. The expression faf[U(R)] for
the cases where both optimal barge size and optmaastment in infrastructure are chosen

becomes:

E[UR)] =T (E[Inp] + E[In(;())] —InC(@)).

16 Delta expected welfare is taken in order to aywimblems with infinite expected welfare for somasticities.
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In the entire numerical analysis, optimization ascthrough finding a solution to the first-

order condition, and evaluating the expressiomefsecond order condition.

2.6 Numerical welfare analysis

In this section, we provide the numerical resuftshe theoretical analysis of the previous
Sections 2.2 to 2.5. The change in (expected) weimused as a criterion to evaluate the
attractiveness to society of an investment stratedpen the choice of barge size is based on
expected utility. Given a reference situation, wespnt seven additional cases (making a
total of eight cases) where we study how bargeaiffestment and infrastructure investment
both affect welfare, under a climate change scendie choose dredging as a potential
example of infrastructure investment. We keep thedyais as realistic as possible, given the
current knowledge of the cost of infrastructure ioy@ments, and choose values for input
parameters based on empirical studies. We provisienaitivity analysis with respect to the
scale parameter of cost function of infrastrucioxestments. We also study the sensitivity of
the results to the elasticity of demand for tramspbhe water-level distribution is taken as
binary, with a low water-level state and a highevdéevel state (although it is continuous, as
shown in the empirical estimation of the effectivad capacity later on).

Our assumption of the elasticity of demand is basethe study by Jonkeren (2009,
pp. 32), so we take a value of -0.5. The scalemeter « is calibrated to the value of
2.5 % 107 in order to obtain a number of barges that reflleetobserved number of barges in
the Rhine market, which is around 9700 (for an wesv of the composition of the Rhine
fleet, see CCNR and European Commission, 2007). Wéekly risk-free interest rate per
week,r/, is taken a9.1 per cent ( corresponding to a value of approxilgaie3 per cent
per year). The decision horizon for a barge opetatexit the market once it has entered the
market is taken as one year, Be= 52 weeks. This assumption can be considered as a
minimum period for holding an investment in thisrket from a liquidity perspective.

We assume that theffective capacity depends on water lewel A regression
equation is estimated from trip data on the Rhimeket (Vaart!Vrachtindicator, 2003-2007)
in order to obtain an expression for effective cdtyaln this regression we set water level at
260 cm for the case wherer > 260 cm, as the effective capacity is unaffected for water

levels above that threshold. After estimation,régression becomés:

" For more detailed regession output, see Appendix 2
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Inloadfactor = —0.0134826 w — 0.5850203 Ing + 0.0027283 wilnqg + bX (2.7)

In this equationX denotes the other control variables such as distaravel time, month of
the year and cargo type. Effective capacity caddyered from (2.7), given the assumption

that loadfactor is proportional to effective capaciTherefore, when comparing relative
differences in loadfactor, loadfactor may be subtd by?, where q(w) denotes

effective capacity. By using(260) = g, one obtains:

In (CI(260)

w
- ) —1In (%) = 0.0134826 (260 — w) — 0.0027283 (260 — w) In g,

or equivalently:

q(W) — 80.0134826(260—w)6—11—0.0027283(260—W)' (2.8)
As the exponent af will be smaller than 1 i1§2.8), we use the minimum-operator to avoid
q(w) > q for small g. This gives our preferred specification of theeefive capacity

function:

CI(W) — min(c?, e0.0134826 (260—W)6—11—0.0027283(260—W)).

In the remainder, we continue with a binary wagarel/capacity-distribution. In our
reference case, the capacity of barges at a higaruevelqy (= @) is set equal td500
tonnes, which may be considered a representatiegliém) barge in terms of capacity (see
CCNR and European Commission, 2007). The cost mmkwor the barge operator as a
function ofg takes the form o€ (g) = 8000e%°°024 — 5770. These figures are taken as an
approximation to values reported by NEA (2008).

In the analysis, we assume the length of the éripet equal to 400 km, which is based
on the Vaart!Vrachtindicator (2003-2006), and ipresentative as an average for trips
between the Port of Rotterdam and popular destinatin Germany. Concerning the binary
water-level distribution we make the following asgitions. We assume that the water levels
at Emmerich, which is a place on the Rhine closethi®® German-Dutch border, are
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representative for the entire trip-length. As a-affitvalue which distinguishes low water
levels from high water-level distributions we tak®0 cm. Furthermore, we assume that the
year 2005 is representative for a year before ¢énchange, and that the extreme dry year
2003 is representative for a year after climatengka From water-level data from iidesk.nl
we obtain that, before climate change, the low-watebability is roughly represented by
m;, = 1/3, and for high water levels it is; = 2/3. After climate change, we assume this is
m, =2/3 andmy = 1/3.

By using Rijkswaterstaat dafawe obtain an investment cost function for dredgin
on the Waal (the main part of Rhine in the Nethetty We assume there are no
economies/diseconomies of scale, so this investewsitfunction can be extrapolated to the

entire trip length of 400 km. The investment castdtion is approximated by:

I = Awaterlevel * 1.2 x 1.01(Awaterlevel-20), (2.9)

where! is the annualized investment cost in millions ofas, andAwaterlevel is the cm
increase in the water level due to dredging.

This set of input values gives rise to an equilibrioutcome, which is presented in
Tables 2.1, 2.2 and 2.3. Note that in these tabB|@$ is the expected price per tonne, and
E[Rev] is the expecteaveeklytotal revenue for the barge operators. Furthermbf¢i/],
E[Rev] and[ are given in thousands of euros. In Table 2.1 dbomebefore climate

change is presented:

Table 2.1: Optimal barge size and infrastructuvestimentbeforeclimate change.

Case Barge-size | Infrastructurg AE[W] \ ) ) - E[Rev] q 0 cm (xl(ljoo )
Adjustment Investment g;c;%?r ¢ ) " p(()a(rl \?v%%)k (tonnes) | (tonnes) | dredging per year
| - 9,670 | 8.36| 297 4.77 52,824 894 1,500
Il M 23,354 5,894 9.09 2.5] 4.70 51,50p 1,407 2,680 -
Il [ 8,347 9,448 6.64 3.11 4.29 50,867 1,027 1,500 219 26,134
[\ M M 44,883 5,381 5.96 2.72 3.80 47,814 1,908 2,819 32.0 43,276

In Case Il, where we study barge-size adjustmeotseait can be seen that market forces
would imply an increase in the current median baige from1,500 to about2,700 tonnes.
This is in line with the reports from the markeatthere is a tendency to increase barge size.

For example, Rabobank Capaciteitsmonitor (2007pntspthat the average capacity in the

18 \We thank Siemen Prins from Rijkswaterstaat forHeilp in providing cost data.
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Dutch inland navigation fleet increased frdms00 to 1,622 tonnes between the years 2000
and 2005. Also Buck Consultants (2008) and CBS @P8Teport increases in barge size.
This shift seems to be consistent with welfare-ecoic trade-offs (the gain in welfare is
abouté€23.4 million per year). The reason of this gap betwtenactual size of barges and
the optimal barge size may be attributed to, anaihgrs things, a lag effect that barges have
in practice a long-lasting lifetime. In Case lllhare we look at infrastructure investments
(alone), we see that the optimal annual investnie®26.1 million, corresponding to a
dredging of 21.5 cm, which results in a net expkaetelfare gain 0o€8.3 million annually.
This implies a benefit-cost ratio of aboliB2 (= (26.1 + 8.3)/26.1) (note that this result
holds before any change in climate conditions). Gioimg the two adaptation strategies,
there is a welfare gain @#4.9 million, which is, it is important to note, consigbly more
than the gain of the two strategies separately. iffeehanism underlying this ‘super-
additivity’-effect is that it is attractive to holeven larger barges in the new infrastructure
environment, which yields an additional welfarengain addition, it should be noted that
when barge size increases, less barges becomesances the market (a drop from about
9,700 in case | 1,900 in Case Il and,400 in Case 1V). The results for the situatiafter

climate change are given in Table 2.2:

Table 2.2: Optimal barge size and infrastructuvestimentfter climate change.

Barge-size | Infrastructurg AE[W] E[Rev] |
Case| x1000) | Ne | p | pe | EW | (xa000)| - - dram | (x1000)
Adjustment | Investment | 0 "o per week (tonnes) | (tonnes) redaing | per year
Vv -80,297 10,541 7.04 2.5 5.58 57,396 894 as
Vi M -66,883 7,374 7.16) 2.0 5.4y 56,638 1,267 2,344 - -
Vi M -35,995 9,573 4.79 3.03 4.2 50,97p 1,198 1,500 7 44. 68,514
Vil M M 3,545 5,445 4.11 2.69 3.64 47,467 2,264 2,801 53.9 90,715

Note: The reference value for welfare is the curs#mation without climate change, i.e. Case |.

As may be expected climate change has a welfaneasiag effect. If no measures are taken
a welfare loss 0£80.3 million per year will occur. When only barge-siadjustments are
considered, smaller barges are preferred thanersitiiation before climate chang&3@44

vs. 2,680 tonnes before) as a reaction of barge operatonsote frequent low water levels.
When additional infrastructure investments take@)a slight decrease in optimal barge size
occurs 2,801 vs 2,819 tonnes before). Cases VII and VIII show that aeggoment will have

to invest more in infrastructure as a reactionlitmatte change. When the right measures are

9 For the relevant CBS table, see Appendix 2C.
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taken in barge size and infrastructure optimizatibe situation after climate change (Case
VIII) can still be a slight improvement over ther@nt situation (Case 1) with an expected
welfare gain of€3.5 million. The welfare gain (net of a climate changféect of —€80.3
million) of both infrastructure investment and beugjze optimization i¥€83.8 million
(3.5 + 80.3). This is again more than the sum of the effe€tsnty barge size optimization
€13.4 million (—66.9 +80.3) and the effect of infrastructure investmed#t4.3 million
(—36.0 + 80.3).

We are also interested in the ‘net’ effect of climm@hange after optimization has
taken place. This means that we again do welfasdysis where Case IV is taken as the
reference situation (in this case, barge size aspthdof dredging are,819 tonne and
32.0 cm, respectively). The results of a climate chafge this situation are given in
Table 2.3. Importantly, the ‘net’ effect of climatbange on barge-size choice (Case VI) is
that barge sizes are decreased (fBg819 to 2,611), while there was an increase (frd500
to 2,344) when starting from the suboptimal situation. Tdreual welfare loss of climate
change (imM\E[W] terms) after optimizing barge size€is4.1 million and is€41.4 million so
somewhat lower after additional dredging. The welkffect of both measures taken together

is a loss 0£41.3 million, and ‘super-additivity’ no longer holds.

Table 2.3: Optimal barge size and infrastructurestmentafter climate change based on

optimal levels before climate change.

Case Barge-size Infrastructurg  AE[W] \ 5 5 O] E[ReV] Q G em (X:LCI]OO )
Adjustment Investment é);(;/%?f ¢ ) A p(:rl \(/)v(()e%)k (tonnes) | (tonnes) | dredging per year

\ -55,603 5,745 5.23 2.3 4.28 50,977 1,903 12,8 32.0 43,276
VI ] -54,137 6,167 5.19] 2.4] 4.26 50,898 1,780 2611 203 43,276
Vil M -41,361 5,410 4.11 2.69 3.64 47,454 2,279 2,819 0 54. 90,978
Vil M M -41,338 5,445 4.11 2.69 3.64 47,46) 2,264 2,801 9 53. 90,715

Note: The reference value for welfare is Case Iie Values for the capacity; and the investment levélare
the optimal values before climate change.

We see that the Case VIl in both Table 2.2 and& &8 yield the same barge size
and dredging depths. However in cases VI, thetfedtalready more has been dredged in the
analysis ‘after-initial-optimization’, appears tativate having larger barges in Table 2.3. A
similar reasoning holds for the Cases VIl in batblés.

An important conclusion of Tables 2.1 to 2.3 isttbmate change may lead to a
substantial welfare decrease in this market (al®8@ million per year). However, a

considerable part of this decrease is due to thegebsize and water management intensity
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are already at suboptimal levels in the initialiaiton, so for the current climate conditions.
Once barge size and water management are at thiinad levels for the current climate
conditions, the negative effects of climate chamge about €55 million per year, so
substantially smaller than the above-mentioned g8lion. Also, the welfare losses of
adjusting barge size and water management intetwitieir new optimal levels are then
somewhat lower (fromd55 to€41 million per year).

Another important conclusion is that for the initstuation, which describes the
current barge market, the major welfare optimizatjustment appears to be by the barge
operators, so in the private domain (upward baige-adjustment). This conclusion is
consistent with the stylised fact that the averaige of barges has increased substantially
over the last decades. Once the system is optimis€ér current climate conditions, the
public sector appears to be the strongest contritiotthe minimisation of welfare decrease
due to climate change. So, both private and puatitors have a role to play in the
optimization of adaptation strategies. The balasfade two depends on the initial conditions
in the market. The upward adjusting of barge ssza costly process in the short run, but not
in the long run when older barges are withdrawmfrihe market. Therefore the optimal
government policy is to let the market slowly adjoarge size and adjust water management
intensity levels only gradually. There is no reasonthe government to interfere with the
private decisions of barge operators regardingebaize.

We performed a sensitivity analysis with respediwo parameters: on the one hand
with respect to the scale parameter of the infuatire investment function, on the other with
respect to the scale parameter of the constantio#iaof demand parameter. The scale
parameter of the investment cost function infragtiee, which was initially set at 1.2, is in
the sensitivity analysis set at 0.6 and 2.4 respygt which represent halving and doubling
the investment costs. As may be expected this hsigraficant impact on the investment
made in infrastructure. The number of centimetresdged is in certain cases more than
doubled or halved respectively. This shows thatréselts are still sensitive with respect to
the scale parameter of the cost function. The agtibarge size, under combined dredging
and barge-size optimization, seems hardly affebiethe change in the cost scale parameter:
the incentive to approximately double the barge semains. For the elasticity parameter
the initial value for this parameter was assumeddc-0.5 in the analysis above. In a
sensitivity analysis, we have used the valu@s25, —1.0, and —2.0 (with an additional

scaling of the constant in the demand function ghahthe equilibrium number of barges for
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the cases | remained constant at 9,670). The opkiarge size is again hardly affected under
this parameter change: about doubling is seen lforekevant cases. For the cases after
climate change, a consistent pattern is observadtiie higher the elasticity of demand (in
absolute sense), the higher the optimal level eksiment in infrastructure. From the
sensitivity analysis, it can be concluded thatdpgmal barge size is rather insensitive to the
specification of the investment cost function ahd elasticity of demand for transport, but

that the optimal invest in infrastructure is samsit°

2.7 Conclusion

In this chapter we formulated a theoretical modeadi¢scribe the low water-level uncertainty
in the inland navigation market. Climate changexpected to occur, which has implications
for this market with regard to water-level uncertgi A negative effect of climate change on
welfare is expected due to the increase in costgrare of transport when low water levels
occur more frequently. The market actors may takasures to adapt to the new situation of
climate change. As an example, we studied bargeaglpstments by barge operators. Under
certain simplifying assumptions, we were able taw#ethe optimal barge size analytically.
An increase in the convexity of cost functions, tlhacavity of the capacity function, and the
probabilities of low water levels will lead to tlehoice of smaller barges. A property of the
constant elasticity demand context that we adogdtat the choice of optimal barge size
does not depend on the elasticity of demand.

Numerically it was shown that in the current marideith before and after climate
change) there are incentives to almost double &ngebsize. The reason that this still has not
occurred may be explained by the long lifetime afdes that are currently in use. Thus,
climate change does not provide a reason to swpuhrent trend towards larger barges. The
only effect is that this trend towards larger bargall end at a lower size than would be the
case without climate change. The government may talse measures to decrease the harm
caused by climate change. In this study we considenvestment in infrastructure by means
of dredging. We find a benefit-cost ratio higheani for this for investments both before
and after climate change. Thus, both with and withclimate change, welfare would

increase if government intensifies dredging.

20 A full output of this sensitivity analysis is alatle upon request.
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When studying the ‘net’ effect of climate changdiisth means that we assume that
barge-size choice and the investment in infrastrects optimal before climate change, we
observe that the barge size decreases abpat cent when only barge-size adjustments are
considered. The increase in infrastructure investmis still considerable, which is abdtft
per cent more than the optimal situation beformate change. This would mean that, after
climate change, public adaptation may be more itaporthan private adaptation when the
situation is optimal before climate change.

For the combined effect of barge-size adjustmedtiafiastructure investment, it can
be concluded that the benefit in terms of expewtelfare is ‘super-additive’ for the situation
before climate and also for the situation aftemelie change when starting from the current
situation. This ‘super-additivity’ property can latributed to the opportunity for barge
operators to hold even larger barges in the newamwent where low water is less harmful
for their capacities. However, for the situatioteafclimate change, when starting from an
optimized situation, super-additivity no longer dl

A sensitivity analysis was performed with respecthe elasticity parameter of the
demand function and the scale parameter of the foostion of infrastructure investment.
The optimal barge size is rather insensitive indhange of these two parameters. Doubling
barge size is observed consistently. However, theuat to invest in infrastructure quite
depends on the parameter specification in theafastzestment and the demand function.

A few limitations of the model are the assumpti@isone barge size, one type of
commodity that is transported, one representatistamce, and the occurrence of the same
water level everywhere along the river. If necegstirese assumptions could be made more
realistic for policy studies. Next, in Chapter Beteffect of imbalance on freight prices is
studied under competition with imperfect informaticAlso, the differences in climate-
implied increases in transport costs are studigdd®n regions with high and low demand

for transport.
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Appendix 2.A — Change in expected welfare

This appendix gives the intermediate steps for vitegi the expanded version of the

expression for the change in expected welfaEd /], in equation(2.6):

AE[W] = E[W] — E[W,]
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Appendix 2.B — Intermediate steps for optimal bargesize example

This appendix contains the first-order and seca@oconditions for deriving the optimal

barge sizedy.

The first-order condition reads:
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The second-order condition reads:
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This is a quadratic expression in termsy6f.

Appendix 2.C — Table showing Dutch inland navigatio fleet split up by

tonnage

Table A2C: Number of Active Barges under Dutch Rlargdifferent Tonnage Classes

650- 1000 1000- 1500 1500- 2000 2000- 3000
Period tonne tonne tonne tonne > 3000 tonne
1997 1798 1124 429 596 145
1998 1191 1075 407 580 142
1999 1192 1104 411 608 151
2000 1288 1065 406 625 147
2001 1067 1078 442 696 171
2002 1045 1051 456 729 178

Source: CBS(2010)
Note: More recent data were not available from CBS.

47
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Appendix 2.D — More detailed regression output fothe effective capacity
estimation

This appendix gives more detail for the effectiapacity estimation in equatiq2.7). The
logarithm of the loadfactor is regressed on theeviatel, the logarithm of the shipsize, their
interaction, and a few other variables that arentel below. For the waterlevel variable, the
logarithm of the shipsize and their interactiore ttoefficient estimates, t-values and the 95
per cent confidence intervals are given. The cotapiegression output can be obtained from
the author upon request.

Table A2D: More detailed output for loadfactor/etige-capacity estimation

Logloadfact Coef. T 95% Conf. Interval
Wilev -0.013¢ -10.5¢ | -0.0160 | -0.0110
Logshipsize -0.5850 -23.28 -0.6343 -0.5358
Wlev*Logshipsiz 0.002: 15.82 | 0.0024 | 0.00:1
Logfuelprice Included

Logdistance Included
Logtraveltime Included

Time-trend Included

Constant Included
Month-dummies Included
Cargotyp-dummie: Includec
Streamdirectio-dummie: Includec

R? 0.6341
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CHAPTER 3

A MATCHING MODEL FOR THE BACKHAUL PROBLEM"

3.1 Introduction

Freight prices play a fundamental role in trade dhédrefore determine regional and
international transport activities (see, e.g., Knag, 1991). Hence, a deeper understanding of
freight prices is important for our understandirigreight transport. A fundamental issue is
then whether freight prices have a one-to-oneioglahip with costs or that freight prices are
endogenous with respect to transport demand. ina@easing number of theoretical models,
the importance of this issue has been recognisedeXample, Anderson and van Wincoop
(2004) stress the need to deal with this issuéuies on trade.

There are a number of reasons why freight priceg meaendogenous with respect to
transport activity. Transport markets may be olgtic or density economies may arise
(e.g., Behrens et al., 2006; Behrens et al., 2088pther reason as already discussed 100
years ago (Pigou, 1913) is that a large shareefrinsport costs ajeint (because carriers
return to the location of origin) whereas the dedhtor transport is direction specific, which
is frequently referred to ake backhaul problem.

The ‘backhaul problem’ is a well-known phenomenotransport economics, both in
freight and passenger transport studies. It refershe situation where the volume of
transported goods or persons is not in balancedsstwwo (or more) locations, which means
that transport flows are mainly in one (or morejndleant direction(s). Carriers may then be
faced with the difficulty of finding freight or pasngers (backhaul) for their return trip. The
importance of the backhaul problem was also noted®émuelson (1954) in his seminal
paper in which iceberg transport costs were intcedu "Realistically, ...there are joint costs
of a round trip, so [the transport costs for eawl aest transport] will tend to move in
opposite directions, depending upon the strengtdemands for east and west transport.”

Imbalance in freight transport flows is extremetyranon (see e.g. Wilson, 1987). In
the current study we aim to study the effect of alabce on price formation, so one must

know the degree of imbalance at the level of thdividual carrier, which is difficult to

%L This chapter is based on Demirel et al. (2010Matching Model for the Backhaul ProblerTransportation
Research: Part Bl4.4: 549-561.
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observe. The imbalance at a more aggregate legebéan extensively studied however. In
particular, the imbalance in flows at the natiolelel using annual observations has been
studied by a large number of studies in the trammemics literature and has been shown to
be substantial (see e.g. Lee et al.,, 2006). Mdstlyj the imbalance is much more
pronounced for transport flows between smalleramegiand shorter periods of observation
(due to time-variation in demand). At the level aafrriers, imbalance may even be more
pronounced, because carriers are frequently spemialn a certain type of freight which
generates additional imbalance. For example, t@hs@rriers which are specialised in the
transport of edible oils are generally not allowtedtransport other kinds of (nonedible)
freight> Imbalance in a context with location shift of fsmand agglomeration, and
endogenous freight prices is studied by Behreas ¢2009). However no distinction is made
between fronthaul and backhaul prices. In a resemty Takahashi (2010) studies imbalance
in a new economic geography setting. Takahashiladas that differences in freight prices
are the result of differences in region size. Largegions pay a higher freight price.
Differences in freight price have the effect thedions become more equal in size.

Theoretical contributions to the backhaul literatutypically assume imperfect
competition in the transport market or the presesfaeegional agglomeration. For example,
the study by Rietveld and Roson (2002) assumeanaprt monopolist, whereas Behrens et
al. (2006) assumes a limited number of transpgplsers. Behrens and Picard (2008) as well
as Behrens et al. (2009) assume the presenceiohat@gglomeration. These models have
two important characteristics in common: they doayply to the case of perfect competition
and they assume perfect information about suppllycemand. In contrast, we are particular
interested in competitive transport markets becausgany countries, the truck as well as the
inland shipping market are characterized by a heylel of competition. In these markets
there are a large number of suppliers so that tudeh power due to the size of the supplier
can be assumed away. In these markets, thereoidrats entry and low capital costs which
enhances competition. For example in the inlandigadion market in Western Europe
thousands of carriers are active, of which mossale-proprietorships.

To understand these markets, it is common to nelthe standard competitive model
that is used in textbooks (see Boyer, 1998, bsw &lelton, 1981). This model is indeed

useful to explain behavior for these transport raerkbut a major restriction of the analysis

22 At first sight it may seem that in the passengerkeiathe backhaul problem is absent, as nearly all
passengers return to their location of origin. Hegre there is a large time variation in demand Whitduces
low load factors and therefore a backhaul probleitiné public transport as well as in the taxi marke
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of the standard competitive model is that it isuassd that information about demand and
supply is perfect, which we believe is a restretassumption and which also generates the
prediction that given imbalance in transport flovesckhaul prices are zero, because of
excess supply in the low demand region, whichésmsistent with empirical observation, as
will be explained in detail in the next section.

Our study on backhaul pricing is not only releveamincrease our understanding of
freight markets, it also sheds light on policy giess, such as how to share the burden of
infrastructure improvement in a transnational centéd common practice is that each
country pays for the infrastructure costs on itsnoterritory. However, in the case of
backhaul problems the benefits of the improvemeatdsstributed in a rather uneven way:
one country will receive a much larger share oftibrefits than the other one. Knowledge on
how the benefits are spread between the two latat{oountries) may help to arrive at a
proper division of infrastructure costs. A casehwitigh political relevance concerns the
distribution of costs between Belgium and The Ne#imels on sharing the costs of dredging
in the West-Scheldt river, which is located in Dhuterritory, but where the Belgian port of
Antwerp is the main beneficiary. In this case & baen decided that Belgium will pay for the
dredging, even though the river is situated on DBuéeritory. Similar discussions, but more
implicit, take place between other pairs of cow#tralong the Rhine or Danube, where water
management costs to improve the navigability haveetshared between countries and where
benefits are unevenly spread due to the backhablgm.

In the Section 3.2 we discuss backhaul issues asguancompetitive market with
perfect information, as is standard in textbooksd ave emphasise the importance of
introducing imperfect information. We introduce 8ection 3.3 a two-location transport
framework which incorporates a matching model tadgtthe backhaul problem. In
Section 3.4 we analyse the backhaul problem numigrjavith input values chosen from the
inland navigation market on the Rhine river in VéestEurope. In particular, we investigate
the effect of (anticipated) changes in transpowrtoon freight prices, in the context of
imbalance. An increase in transport cost may fangxe be anticipated in Europe due to
climate change, as low water levels will decreagespeed of freight transport, (see Jonkeren
et al., 2007). Section 3.5 concludes.

3.2 Relationship with the literature
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To understand the issues relevant to the backlieuature, it is sufficient to focus on
transport between two locations (one location aithigh demand for transport and one with
a low demand). Theories based on perfect competitith perfect information predict that
above a minimum degree of imbalance in demandgqtfaatity transported from locatidn
with low demand for transport, is less than loaatify with high demand for transport, and
the price for transport from the low demand loaatio the high demand location, the so-
called backhaul price, will drop to zefoThe latter result is intuitive because carriems ar
indifferent between returning with or without baekih This means that the cost of transport
from one location to the other is fully borne by thigh demand location’s customé&r3his
cost is equal to the round trip cost of transpbhie type of equilibrium where the quantities
transported are not the same in both direction$ lvél called throughout this chapter the
Imbalanced Equilibrium

Another equilibrium may arise, which we will calhroughout this chapter the
Balanced Equilibrium The quantities transported then are exactly thmes in both
directions. According to the competitive model wgtrfect information, in this equilibrium
the carriers’ value of returningith backhaul exceeds the value of returning withogkbaul
andall carriers return with backhaul. Fronthaul price# e higher than the backhaul price
due to the difference in demand, but the backhacé pvill be positive.

A priori, it is not clear whether the Balanced loe imbalanced Equilibrium generally
emerges. In case that the demand for transporeng elastic, the Balanced Equilibrium
seems the most natural outcome, whereas if the mfioa Imbalanced Equilibrium is very
inelastic, the Imbalanced Equilibrium will be maremmon. Studies usually point out that
the demand for transport is rather insensitivenfteight price (for a review on the inland
shipping market see Jonkeren et al., 2007), wtictonsistent with the view that transport
flows are imbalanced. Nevertheless, this doesmptyi that the Balanced Equilibrium does
not occur. For example, Jonkeren et al. (2008) exarmansport flows in Western-European
inland shipping market and point out that certaibmarkets seem quite balanced.

A summary of both types of equilibria for the corifdee model with perfect
information is given in Table 3.1. Subscripdenotes the market from where transport starts
and can be equal t#, the high demand location, ok, the low demand location;
represents quantity transported from locaticandp; represents the price of transport from

location i. In this setting, there is no third equilibrium evke Q; > Q, , so some of the

2 This result is the classical result as featuretid@nsport economics textbooks such as Boyer (1998)
4 For convenience, transport-demanding customersadied customers in the text.
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carriers return empty from locatiohy and, at the same timgy > p, > 0. Thus, when
transport flows are imbalanced, the competitive ehadles out the possibility of a positive
price in the low demand location. We will howevegue that in a setting with imperfect

information, backhaul prices will be positive ewehen transport flows are imbalanced.

Table 3.1: Summary of the two Equilibria for thergmetitive model with perfect information

in a market with a higliH) and a low(L) demand location.

Quantities Transported Prices Interpretation
Balanced Equilibrium Qu = Q; pyu=p,>0
Imbalanced Equilibrium Qy > 0, py = pr = 0  Backhaul Problem

In the inland navigation market, Jonkeren et al07) show that backhaul prices
(from Germany to the Netherlands) &éfé per cent of the fronthaul prices although the
quantity transported from the fronthaul locatiohe(tNetherlands) exceeds the quantity
transported from the backhaul location (Germany) diyleast50 per cent (Statistics
Netherlands, 2007j.Nevertheless, backhaul prices are far from closeeto. The same is
observed for the trucking industry in the U.S.Agd Felton, 1981).

It is also not difficult to give a wide range ofeadlotal examples for the taxi market
that describe the backhaul problem that depart tiwerpredictions of the competitive model.
In the Netherlands, cab drivers and customerslieed to bargain about the price (up to a
maximum), but in our experience, cab drivers neféar trips at even close to zero prices,
even if the taxi will go anyway in the directioretbustomer wishes to go.

The competitive model with perfect information as&s that customers and carriers
possess complete information about each othertsr@fy location in the market. Customers
and carriers find each other immediately. This iegpthe absence of market friction and of

search time for carriers as well as for customBramany competitive transport markets,

% plausibly, as argued above, the imbalance atetrel bf the carriers is substantially higher dueestrictions
on the type of freight and variation in demand duge etc.

% One may also examine freight prices, which ardiplybavailable, for numerical evidence. For examph
the maritime sector, the freight prices foiTEU container of plastic bags, from Shanghai to Beancisco is
$ 2,065, whereas the backhaul pricedid,111. So the backhaul price is roughhy) per cent less than the
fronthaul price, but it is far from zero. These rhers are taken from www.freight-calculator.com iovidmber,
2007. Note that in this example, insurance, aduiduel and handling costs are close to zero, somay
interpret the freight prices as prices net of iagge, additional fuel and handling costs. As isl webwn, the
imbalance between merchandise goods flows betwéera@nd the U.S. is large (in value terms, the filmm
China is 4 times that of the return flow (see WTD05). Nevertheless the backhaul price for thernetdp
from the U.S. to China is considerable. Howevers®@n (2004) argues that the maritime market is not
competitive due to collusion. Therefore the martimarket may not be a good example.
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search time for customers is an obvious cost comptymot only in the taxi market where
taxis either cruise or passively wait for custom@ee Arnott, 1996), but also in the inland
shipping market (see Meelker, 2006). One might edshenous search times in the standard
competitive model in order to arrive at positiveki@aul prices, but this does not do justice to
the observation that search times are endogeneasAott, 1996). In the matching model
of a perfect competitive market with imperfect imf@mtion that we will introduce in
Section 3.3, we show that the endogenously detewchdarrier's expected search time is a
possible cause for positive backhaul pri€eghe model developed is also consistent with
another stylised fact for the inland shipping adl s the taxi market. It has well been
documented that many carriers regularly wait fov meistomers (see e.g. Meelker (2006) for
the inland shipping market). In the current chapteralso aim to determine the waiting time
endogenously, which is left unexplained in compatimodels with perfect information. To
model imperfect information we make use of a maighmodel.

Matching models are nowadays popular to analyseket@rwhere agents are
searching for each other and face a certain difficdo find each other and form a match.
This kind of models are now standard in the labmarket economics literature (see e.g.
Pissarides, 2000), but are also used in housingosaics (see e.g. Wheaton, 1990).
Examples of matching models applied to the taxiketarcan be found in Lagos (1996) and
Arnott (1996). The matching model is also well apgdble in many freight transport markets,
as carriers and customers search for each othehawal difficulty to find each other. As
argued above, this difficulty is due to a combioatof spatial and time variation in demand

and supply.

3.3 The matching model

3.3.1 The matching function

Suppose that a fixed number of identical risk-redutustomers with a demand for transport
are located in locationd andL. We define the numbers of customers located 4t sige by

N; wherei = H, L. We allow for a difference in demand between locail and locatior..

Hence, the number of customers in one locationeds¢he number of customers in the other

27 Other reasons for positive backhaul prices mafobad in additional fuel costs for transport witkifjht and
waiting time due to loading up and unloading. Thessts could be added exogenously to both the ctitmpe
and the matching model. However, we argue thakthes not the only causes of positive backhaukprand
cannot explain the examples in the main text.



55

location. We choose (arbitrarily) locatiod to be the location with high demand for
transport, and. to be the location with low demand for transped,N; = N, > 0.?® For
convenience, other exogenous parameters are assarbeddentical for both locations.

Each customer aims to have one good transportedelnyical risk-neutral carriers to
the opposite side. We assume that a customer \&itfsdirom the market after it has found a
carrier that is willing to move the good to theatBide and is immediately replaced by a new
customer, so the number of customers remains aunster time*?® A carrier may at most
move one good, so it is either full or empty.

We assume that customers and carriers have tohskareach other due to imperfect
information about each other. It is assumed thatrgsearch, customers and carriers contact
each other according to a well-defined contact fionc Carriers and customers are only able
to contact each other when they are in the samaitocL or H.* The contact function in
locationi specifies then the number of contacts taking pladecationi during a time period
as a function of the number of searching carriats@istomers in that location.

Given a contact, the customer and the carrier bagaout the freight price. If they
agree on a price, which we later on show to ocaiin wrobability one, the customer and
carrier are matched. Hence, the matching funciadentical to the contact function. When a
carrier and a customer are matched, the custonysrtpa carrier the agreed freight price, the
cargo is loaded up and the carrier is obliged twertbe good towards the other location.

In the current chapter, we focus on the steadg.stéle assume that moving is costly,
as it takes time. At every moment in time, thee@y carriers on their way movingetween
locations with or without freight. We denot®; as the number of searching carriets
locationi. The total number of carriers in the marKeis then equal t6, + Csy + Cg;.

In steady state the number of searching customsarsristant in both endpoints. This
implies that inflow must be equal to outflow in bandpoints. As the speed and distance is
the same in both directions for carriers, in tready state the number of carriers moving in
both directions must be equal, §@/2 carriers move in every direction.

We defineu; = Cs;/C as the number of carriers that search in locati@tative to the

total number of carriers and, = N;/C as the number of customers relative to the total

2 The case tha¥, = 0 can be received upon request from the authors.

2 This is an easy way of modelling freight demanthwit having to worry about the exact productioocess
of the goods moved.

30 We restrict the search technology in this waywoig mathematical complexities, see e.g. Pissar(iigg4).
Even though this assumption about the contact femanight be restrictive for some transport markétss
unlikely to affect our main conclusions.



56

number of carrier. Therefore0 < u; <1 and 0 < v; < . We introduce the variable
0; = v;/u;, which can be interpreted as a measure of maidaiess in. It can be easily
seen tha®; equalsN;/Cg;, the number of customers divided by the numbesezrching

carriers in locatiorn.

The (continuous) contact function, denotednasdefines the number of contacts
between searching carriefy and the number of customeng, per (infinitely small) period.
This function can therefore be written@agCg;, N;) and is assumed to be increasing in both
arguments. The function is assumed to have a aunstturns to scale property, such that
m(w Cs;, ® N;) = om(Cg;, N;), wherew > 0.

We defineg; as the customers contact rate, so the rate at vahatlstomer contacts a

searching carrier in It follows that:

_mi_m(uiC, viC)_ (ui 1)_ (1 1)
CIL_NL' N 'UiC -m ’ -m Gi' )

The above equation implies thgtis a negative function d@;, whereas it can be shown that
0;q; is a positive function o8; (see e.g. Pissarides, 2000). Givgnand g;, the carrier’s
contact rate at which a searching carrier contaatsistomer is determined and defined by
0;q;. Further, note that the assumptions imply that; and g; are negatively related.
Furthermore, we impose the standard restrictiontherimits of the contact function that if
q; — 0 then®;q; — oo, and ifg; = o thenf;q; —» 0. We emphasize that the contact ratgs,

andé,q;, are both endogenously determined.

3.3.2 Bellman equations

Carriers are in two possible states: they are egbarching ata certain locatiom or moving
betweentwo locations (with or without freight). For fugh modeling purposes, a monetary
asset value is assigned to be in one of these tatess We defing; as the asset value of
searchingin i, and M; as the asset value of moving from locatiomo locationj. It is
convenient to defind/; at the moment of departing from locatioff Note thatM; may be
positive or negative. In the latter case, it is enoonvenient to interpréf; as the monetary

value of theobligationto move from location to locationy.

31 Note thatw’ may be interpreted asnemployedcarriers, andv’ may be interpreted as the number of
customers with &acancy

32 Note that the value of moving depends on wherectiréier isbetweend andL. In the current model, we
allow for this complication, but we need only tdide the asset valuat the moment of departing frofhandL.
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To derive the asset value of searchthgwe definesc as the carriers' instantaneous
search costs per unit of time, amdas the price received to move a good from locatitin
the opposite side. The discount rate is denotedes unit of time. The following Bellman
equation defines then the valueSaf

rS; = —sc + 0;q;(p; + M;—S,). (3.1

The interpretation of(3.1) is straightforward (see, similarly, Mortensen aRi$sarides,
1999). The left-hand-side is the return of seaghify. The right-hand-side is equal to the
cost of searchingysc, plus the expected gain of finding a customer moding the good to
the other side, which is equal &q;(p; + M;—S;). So the expected gain is equal to the
product off;q;, the rate at which a carrier finds a customer, gnél M;—S;, which is the
surplus a carrier gains from a match with the austo The surplus of the match is equal to
the received freight price; to the other location plus the asset value of mgp¥;, minus the
asset value of searchisg

The carriers' cost of moving the good is assumduetmdependent of whether or not
the carrier moves freight and is proportional te time it takes to move the good. We define
mc as the cost of moving per unit of time. The dwmtiof the trip is stochastically
determined. We assume that the average duratiaraind trip is distributed with a mean
equal tol/A. So4 can be interpreted as the average speed at wlualriar moves between
locations. As we have assumed that customers aridrsaare risk neutral, all decisions made
by carriers willnot depend on other properties of the distributiomthia mean. Hence, for
convenience, we will assume that the duration afuad trip isexponentiallydistributed. In
this case, the duration of a single trip is expdiadin distributed with mean equal ty (24).
Consequently24 can also be interpreted as the rate of arrivirthebther location.

Given these assumptions, the following equatiomesfthe asset value Mf;:
rM; = —mc + 24 (max(S]-, Mj) - Ml-), forj # i. (3.2)

Equation(3.2) defines the return on the asset of moviny;. It consists of the immediate
cost of moving,—mc, plus the expected gain of arriving at the otleeation. This gain is
equal to the rate of arriving at the other locatidhy multiplied with the net value of arriving
at the other locatiof, defined bymax(S;, M;) — M;, wherej # i. Note that this net value

depends on the maximum value of two types of gjfasein the other location (searching or
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moving) because carriers may choose then betweerstrategiessearching for freightor
moving without freight to the other locatién

We will impose now one additional condition on #segenous parameters. We will
assume thatc > r mc /(r + 24). This assumption is reasonable 1@sl is very small in
practice andsc andmc are of the same order of magnitidtidhis assumption essentially
states that the carriers’ search costs are noigilelgl so imperfect information is an issue for
carriers.

When a customer searches for a carrier to movgoitel, the customer attaches an
asset valud; to being this state, (which can also be intergrete the value of being in this
kind of market). When matching occurs, the custoreeeives immediately prickfor the
good, and pays the freight pripe® There is a per period cost of seakcto find a carrief®

The following Bellman equation defines thién

rVi=—k+q; =V, —p). (3.3)

The customers' return on searchirfify is thus equal to the search cesk, plus the expected
gain of finding a carriety;(J — V; — p;). This expected gain is the raggmultiplied by the
surplus] — V; — p;. This surplus is equal to the reverjutor selling the product minus the
paid freight pricep, and minus the loss of as$gtas the customer leaves the market. Solving
for V; givesV; = (q;(J —pi) — k)/(r + q).

We assume free entry of carriers at no €o§he number of carriers in the marké,
is therefore endogenously determined. To be ablstudy the backhaul problem, we let
carriers make only round trigsWe assume, without loss of generality, that cesrimay
only enter and leave the market in the same lacé&ti@/e assume that this is locatiéh

Furthermore, it can be proven that our assumptian N,; > N, implies thatS, > S;. See

3 In equilibrium, it can never be optimal for a darrto search first and move to the other sider aftevhile
without freight. As market circumstances do notr@®&in our model, moving to the other side withiwaight
may only occur immediately after arriving.

34 For example, for the numerical example on inlaadigation later on, it seems reasonable to asshate is
0.05 andA is 50, sor/Ais equal td).001.

% Note that one may also assume that the custoroeives] the moment that the good arrives at the other side
As travel durations are exogenous, this gives dimeesresults.

% This cost may be interpreted as the combinedafasarch and storage.

37 This is done in order to model perfect competitibris also a natural long-run assumption in theemce of
sunk costs.

% The assumption of round trips is essential tokthekhaul problem studied, see Rietveld and Ros662)2
and Boyer (1998), otherwise carriers would not imownd trip costs.

%9 This assumption is not restrictive, because emégaving the market is a long-run decision, basedhe
asset-value, so it is rather arbitrary whetherctingier enters or leaves the market in locatioor L.
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Appendix 3.A for a proof This means that entry and exit of carriers attiooad will occur
until S, = 0 andS, < 0.

We will impose now a restriction such that the nearkxists. We suppose that
] + x/r exceedsnc/(r + A). This condition is intuitive. It simply states tlthe moving cost
must be less than the benefits of having the goodenh (which equalg plus the cost of
search forever).

When the transport market exists (so goods are d)peenecessary implication is
that either in locatiorlf or L the value of searchingtrictly exceedshe value of moving to
the other side without freight (for a proof see Apgix 3.B). Hence, the possibility of moves
without freight in both directions is excluded. By free-entry conditio§; = 0 andS; < 0,
and using(3.2) it follows thatS; > My. One of the following two equilibria will then

occur#

the Imbalanced Equilibrium: Sy > My and S, =M,
the Balanced Equilibrium: Sy > My and S, > M,.

Both equilibria may arise. For example, in the exte case tha¥y, = N,, it appears that the
Balanced Equilibrium will occuf: When Ny > N;, one may have either the Balanced or
Imbalanced Equilibrium. Intuitively, wheNy, is close taV;, the Balanced Equilibrium will
occur, and wheiVy is much greater thaN,, then the Imbalanced equilibrium will arise. As
emphasized in the introduction, we are in particinterested in the Imbalanced Equilibrium.
Note that in both equilibrig, exceedy, so all carriers il search for freight (and
never return empty td). This means that the fraction of carriers thaivarm H and search
for freight, denoted by, is equal to onez{; = 1). In the Imbalanced Equilibrium, carriers
in L are indifferent between searching for freight duneing empty tad{. Therefore a strictly
positive fraction, denoted ds— z; of carriers, will return empty from to H. The variable
z; represents the fraction of carriers that arrivelLimnd search irl. for freight. In the
Balanced Equilibriumgz, = 1 andS; > M,. In the Imbalanced Equilibriunt, < z; < 1 and

S, = M, . Hence the following condition holds:

% This proof relies on a number of additional asstomst (e.g. steady state, price formation) thatrasele
explicit later on.

1 Note that we have assumed that> 0 (see 2.1). In the case thét = 0, thenS, < M, andan equilibrium
with only one-way transport will arise. Note aldwt in the Imbalanced Equilibrium, the oppositeiaion
whereS, = My andS; > M, cannot arise

“2This is easy to see, as due to symmetry, markebmes in. must be the same ashh
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(z,—1) (S, — M) =0. 34)

We emphasize that it is the Imbalanced Equilibrivinch is of main empirical interest, as in

this equilibrium carriers can be said to have &kbaul problem’.

3.3.3 Price determination in the long run
Given equationg3.1) to (3.4), and the free-entry assumption which implies that

Sy = 0, we obtain, as shown in Appendix 3.C, the following price equations:

_sc N mc 21 g 35
pH_GHqH r+21 r+217Y (35
sc mc 0,q.+1
pL S (3.6)

=+
quL r+ 21 GLqL

Note thatsc/6;q; can be interpreted as expected search costs. Guargdy, freight prices in
both locations are equal to the sum of the expestedch cost, the discounted one-way cost
of moving the good and a term which is, when theedlint rate- is small, approximately
equal to—S; in the high demand location and equab{dn the low demand location. Recall
thatS; < 0. Consequently, freight prices in the high demaationp, exceed the prices in
the low demand locatiom,. Note that the exact value of depends on the type of
equilibrium. As in the Imbalanced Equilibrium somariers choose to move empty frdm
to H, and some do wait and search for freight, carmeust be indifferent between the two,
and sinceSy =0, S, = M, = —mc/(r + 21), whereas in the Balanced Equilibriusp =
M; = —mc/(r + 21) because all carriers prefer moving full insteaémpty.

Interpretation of the above equations is facildaby assuming that/A1 approaches

zero. Note that andA are both strictly positive, so this assumptioreasially implies thati

N

is much larger than. Given this assumptiop, + py = —

mc
+ —. So the sum of the
0.9, Ouqu A

prices inH andL is equal to the sum of the round trip costs amdctiriers’ search costS.
Then,(3.5) and(3.6) imply that:

3 Clearly, when the interest rate approaches zexojecs have no intrinsic preference for the presine
relative to the future. So for each round trip $iwen of the freight prices depends only on the stithe costs,
and not on specific components of costs.
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N sc

+ == and p, >

T 6Lar (3.7)

P =g
where equality holds in the Imbalanced Equilibriddence, in the Imbalanced Equilibrium,
the price in the low demand location, the backhaide, is a compensation for a carrier’s
expectedsearch costs. Only whéhgq, approaches infinity, so the expected search tmike
low demand location approaches zero, thes= 0. However, in Section 3.5, we will show
that 6, q,is finite, leading to Theorem 1, that says thatkbaal pricesp, will always be

strictly positive.

3.3.4 Steady-state equilibrium stocks and flows
In steady state, the outflow of carriers from aaltmn equals the inflow of carriers
into that location. Hence, af it must hold tha8;qu; = z;A (1 —u; —w;), for i #j. We

solve now for the number of searching carriersathldocationsy; (i = L, H), so:

AZL'

qui + 1 (Zi + Zj %)

u; = for j#i, (3.8)
wherez,; =1 and0 < z; < 1.

Hence, the number of searching carriers depends on the spegdand®é;q;, which
is the inverse of carriers’ average search timecationi, the fraction of carriers that return
with freight ini as well ag, z; andz; respectively, as well as the search time ielative to
the search timg¢. In the case thd;q; approaches infinity (expected search time i zero),
thenu; approaches zero. This is the situation assumelgeitampetitive model with perfect

information.

3.3.5 Bargaining and conditions for positive backhal prices

Given a contact, the carrier and the customer aseraed to negotiate a freight pripg
according to a Nash-bargaining rule (see Binmoed. 1986)}". It is assumed that:

p; = arg max (M; — S; + p)P(J =V, — p)*7F, (3.9)

wheres measures the bargaining power of the carriers,langt measures the bargaining

power of the customé&B < f < 1). The first-order condition with respectpois then

** This bargaining rule has become standard in theua market and housing market literature, see e.g.
Wheaton (1990).
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LU -Vi—p)=A~-LM;—S; +p). (3.10)

Equationg(3.1) and(3.3) imply that] — V; —p; > 0 andM; — S; + p; > 0. Since customers

and carriers are identical, it follows that eveoptact will result, after bargaining, in a match.
For the Imbalanced Equilibrium, we derive now trechkhaul price from the low

demand locatiorp, . In the Imbalanced Equilibriund/; = S; holds. Using(3.3) and(3.10):

p (/ o m) =(1-pm (31D
Solving forp,:
B(r] +x)

pL = m (3.12)

We are now able to formulate Theorem 3.1, whichd&ofor both the Balanced and

Imbalanced Equilibrium.

Theorem 3.1
In a matching model for a two-location market witictions when there is a positive

backhaul flow, the backhaul prige will be strictly positive

For the Balanced Equilibrium, this result can beegi without further proof, as in this
Equilibrium S; > M; holds, which implies that search in the low demb&udtion, L, has a
higher value than returning empty. This must beigsdi by a positive compensation for the
waiting costs, which they receive as the stricthsipve backhaul pric€p, > 0). For the
Imbalanced Equilibrium, the proof of Theorem 3.3jilgen in Appendix 3.D.

Similar to the competitive model with perfect infoation, we may now construct
Table 3.2, which summarizes the main result ofroatching model. It presents the quantities
transported and the prices under the two equilidde the matching model, where
information is imperfect. The quantities transpdrfellow from the definition of the two

equilibria. For a formal proof that, > p, in both type of equilibria, see Appendix 3.D.



63

Table 3.2: Summary of the two types of equilibrifonthe two-location matching model.

Quantities Transported Prices
Balanced Equilibrium Qu =0, py=p,.>0
Imbalanced Equilibrium Qy > 0, pn=p,>0

Throughout the chapter we have assumed a constaming to scale matching
function. This is essential for the intuitive rdsubbtained above. Examples of the maybe
non-intuitive result wherey;, > py > 0 can be given for the Imbalanced Equilibrium when a
nonconstant returns to scale matching functiorsssimed. We provide a numerical example
in Appendix 3.E. Given the increasing returns tals@ssumption of the matching function,
the search times in the low demand location mageddhose in the high demand location

such that the search costd.iexceed those df, and s, may excee@y.
3.4 Numerical analysis

3.4.1 Calibration of the model
In order to perform a numerical analysis, we assanfenctional form for the matching
functionm. We use a Cobb-Douglas functien(x,y) = ¢ x* y1~%. Note thate is a scale

parameter of friction. This implies that

q=m (9% 1) =¢ 6 “ (3.13)

It has been established above that the prices dapethe expected search cost of carriers. In
our model, these costs depend, among others, otetiree of search friction in the market,
represented byp, the value of the good, the imbalance in demand between the two
locations, represented by the number of customigrandN, and on the speetd Numerical
values for the exogenous parametersnc, 4, k, r and/ have been chosen for the market of
inland navigation carriers which predominantly mdweight between the Netherlands and
Germany on the Rhine River (see Jonkeren et a.7(2&nd Table 3.3 for details).

The time period is taken as one year. The values ahd «, which are difficult to
observe, are obtained by calibrating the model gusimformation on search times of
customers and carriers bothHnandL. ¢ is then set t80 and« is set t00.5. We will label

the outcome of this model as the reference case.
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Using the model of Section 3.3, the equilibriumaomme is given in Table 3.4 with a
description given for every variable. A = M,;, it can be seen that the Imbalanced

Equilibrium arises?

Table 3.3: Exogenous parameters

Parameter Value Description
sc €150,000 Annual carriers’ search cost
mc €250,000 Annual carriers’ cost of moving
Annual trip speed measured in round trips per y&&rassume a
A >0 return trip duration of cal week
K €25,000 Annual customers’ search cost
r 0.05 Annual interest rate
Ny 400 Number of customers located#h
N, 100 Number of customers locatediin
Ji €100,000 Received price by a customer for the good thatased
B 0.5 Bargaining power parameter
a 0.5 Parameter of Cobb-Douglas matching function
¢ 80 Friction parameter

In line with the focus of this chapter, we see tiat backhaul pricg; is positive. It is also
substantial, ap, is 14 per cent of,, even thouglY5 per cent of carriers return emptyHo
(z, = 0.25). Positive backhaul prices are a consequence dfiygsearch time, which is
2.04 days inL.

We have also examined a case where the frictioanpaterpp approaches infinity, so
friction becomes essentially negligible and the petitive model with perfect information
emerges. In line with the above model, backhawesridrop to zero, and the fronthaul price
equals the round trip costs.

In the next subsection, we present a case wherstwdy a decrease in speéand

compare this with the reference case.

5 1n our model it appears that the Balanced Equilibronly arises iV, is extremely close ;.
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3.4.2 Delays in transport

Due to climate change it is expected that the Rhiwex will be blocked more often due to
too high water levels in winter whereas capacityrafsport will be reduced due to too low
water levels in summét.Both lead to a decrease in the speed of transploig.phenomenon
has received considerable attention in the metia,when the impacts of climate change on
the future of the transport sector were discusisetihe model developed above, the effects of
a reduction in speed can be analysed by a decreasé/Ne decreasg from 50 (‘Normal
Speed’) t040 (‘Low Speed’), so speed falls 30 per cent. It appears that the type of
equilibrium (Imbalanced Equilibrium) does not chandhe equilibrium outcome can be
found in Table 3.5.

The results of a lower speed, capturedipymplies, of course, a substantially longer
expected moving time per trip and a higher move.dbsppears that both customers’ and
carriers’ search times and number of matches adyhaffected however, so the increase in
moving cost is borne entirely by customersHn which pay higher freight prices. So,
customers in the high demand locatidnwill be negatively affected/f; will decrease), while
no such thing happens for customers in the low deimacation. Note thap, is hardly
affected.

This has important implications for the West-Eummpenland navigation market,
which covers a large share of the overall freiglairkat due to the presence of a number of
well known rivers, such as the Rhine. In this markee majority of goods are moved from
the Netherlands (in particular, the sea harbor attdkdam) to industrial areas in Germany,
whereas much less goods are moved from GermamgtNetherlands. Our results show that
German firms importing goods from the Netherlandl e confronted with higher prices,
whereas Dutch firms importing goods from Germanyl wardly be affected. Hence, the
welfare losses of changes in anticipated waterldewéll be borne almost entirely by the
German firms importing goods from the Netherlantisis strongly suggests that, in this
context, predominantly German firms will benefit§ wew infrastructure to improve
navigation of the River Rhine.

The intuition for the result in the above examjiatta region with high demand for
transport has to pay relatively more under climatange, can be given as follows. In the

imbalanced equilibrium, which is more plausible @mplly than the balanced equilibrium,

6 Jonkeren et al., (2007) study welfare losses festéfn-Europe caused by the increased periodslavith
water-levels on a part of the Rhine river in recgzdrs. They estimate a welfare loss€df1 million for the
year 2003.
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all costs implied by navigating, whether full or giyy are carried by the region with high
demand for transport (e.g. Germany). When costsaofport increase as a result of climate
change, these costs will, as long as the equilibriemains imbalanced, again be carried by
regions with high demand for transport (Germanaeg). Regions with a high demand for
transport will therefore benefit relatively morern adaptation measures, like infrastructure

investments, that reduce the effects of climatengba

Table 3.4: Equilibrium outcome for the referenceecaf the matching model

Variable Value Description

PH € 5,830 Price fromH to L

pL € 837 Price fromL toH

z 0.251 Fraction of arriving carriers that searchLin
c 383.7 Total number of carriers

Carriers’ search time iH 2.030 days 365.25 days 10,qy

Carriers’ search time ih 2.040 days 365.25 days /6, q;,

Customers’ search time Hh 10.27 days 365.25 days /lqy

Customers’ search time In 10.22 days 365.25 days /q,,

Number of matches per year i (Qy) 14,231 PCE NI

Number of matches per year in (Q,) 3,574 ¢C;‘LNL(1“’)

Single-trip moving time 3.653 days 365.25 days/ (21)

Single-trip moving cost € 2,499 mc/(r + 1)

Carriers’ search cost iff € 834 sc/ Oyqy

Carriers’ search cost ith € 837 sc/0.q,

Sy €0 Asset value of searching for a carrietHin
My —€ 4,996 Asset value of moving for a carrier ih

St —€ 2,499 Asset value of searching for a carriefin
M, —€ 2,499 Asset value of moving for a carrier in

Vy € 93,336 Asset value of searching for a customeHin
Vi € 98,326 Asset value of searching for a customet in
qu 35.6 Rate of finding a carrier for a customerHn
q. 35.7 Rate of finding a carrier for a custometLin
Oy 5.06 Market tightness

o, 5.01 Market tightness

Uy 0.206 Fraction of total carriers that searchHn

Uy, 0.052 Fraction of total carriers that searchlin

Vy 1.04 Ratio of customers i to total carriers




v 0.261 Ratio of customers ih to total carriers
Csn 79.1 Number of carriers that searchHn

Csy, 20.0 Number of carriers that searchlin

Cy 284.6 Number of carriers that move

Table 3.5: Effects of variations in the round t@pe A

Variable "Normal Speed” " Low Speed”
A (exogenous) 50 40

Py €5,830 €7077

2 €837 €837

2 0.251 0.251

C 383.7 454.3
Carriers’ search time iH 2.030 days 2.028 days
Carriers’ search time ih 2.040 days 2.040 days
Customers’ search time Hh 10.27 days 10.28 days
Customers’ search time In 10.22 days 10.22 days
Number of matches per yearhh 14,231 14,217
Number of matches per yearlin 3,574 3,575
Single-trip moving time 3.653 days 4.566 days
Single-trip moving cost € 2,499 €3,123
Carriers’ search cost i €834 €833
Carriers’ search cost i €837 € 837

3.5 Conclusion

A deeper understanding of freight transport reguae insight how freight prices emerge. A
key element of freight transport is that the demBordransport is direction specific, which

creates a ‘backhaul problem’. In this chapter welebed the backhaul problem by means of
a matching model in a two-location transport fraragv\We were motivated by observations
that competitive models with perfect informationrmiut adequately explain positive backhaul

prices. In particular, according to the competitimedel, backhaul freight prices drop to zero
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when the quantities transported between locatidfesrdso a proportion of the carriers return
without freight from low demand locations. Impetf@dformation, which implies search, and
therefore search and waiting costs may explaingh&omenon. It would however be ad-hoc
to incorporate search costs exogenously in the etitiye model with perfect information.
Therefore we develop a model where search timegstardfore search costs are determined
endogenously. We demonstrate how search timeswistnyessential exogenous parameters,
such as transport cost.

We presented a two-location transport model whitbwa us to study backhaul
pricing under imperfect information. Similar to theompetitive model with perfect
information, it turned out that we have to distilgjubetween two types of equilibrium: the
Balanced Equilibrium, so carriers transport freightboth directions and, the Imbalanced
Equilibrium, so a positive fraction of carriers neowithout freight from the low demand
location. The Imbalanced Equilibrium is the mordemasting one from an empirical
perspective. Indeed, given a wide range of numlenmzaameters, we end up in the
Imbalanced Equilibrium.

In the Imbalanced Equilibrium, the round trip trpos cost is fully borne by the
customers in the high demand location. However tipesbackhaul prices result due to
carriers’ compensation for expected search timencee we have addressed the above
mentioned limitation of the competitive model wghrfect information.

To offer more numerical insight in the presenteddeipwe presented a numerical
example. The chosen parameter set was taken sach thpresents certain segments of the
inland navigation market on the Rhine river in VestEurope. Furthermore, we studied,
numerically, the effect of reduction in travel sgedue to extreme water levels, e.g. as a
result of climate change, leading to higher tripadions. This is especially relevant in the
context of the inland navigation market betweenNegherlands and Germany. Most goods
in this market are transported from the Netherlailnd&ermany. An interesting finding was
that the German firms importing goods from the Netnds will predominantly pay for the
increased costs of transport, whereas the Dutamsfimporting goods from Germany will
hardly pay for the increased costs. This stronglggests that the benefits of improved
infrastructure in order to prevent delays in tramsill mainly benefit German firms.

We end with a few recommendations for further redeaFirst it might be an
improvement for this type of model to allow carsigo search for contact with customers

while they are moving. Second, a more realisticddpobion process for transport demanding
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customers could be modeled. Next, in Chapter 4napirical study of imbalance and freight

prices is presented.
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Appendix 3.A — Proof that if Ny > N thenSy = S,

In order to prove that giveMy > N, thenSy, > S;, we distinguish between the Balanced and
the Imbalanced Equilibrium. For the Balanced Eguilim, barges search at both locatidn
and L, that iszy = z;, = 1, and for the Imbalanced Equilibrium it appearst thia= M, ,
which meang, = 1 andz; < 1.

Showing thats,; > S, for the Imbalanced Equilibrium is straightforwaNbte that in

the Imbalanced Equilibrium one has ti$&at= M, in the low demand regio@V, < Ny).

Hence, using3.1), (3.2), (3.3) and(3.10), one gets, = —%+%SH ands, = —% +
01.q1.B(r]+kK) . . . .. 01qLB(r]+K) .
—_— > IL4LPrjvK)

Tt B)an) which implies thatsy > S, if r—pa, T me> 0. As the latter condition

holds we can conclude théf; > N, impliesSy, > S, for the Imbalanced Equilibrium.
Now we will give the proof for the Balanced Equiliom. From the definitions of
0; = v;/u;, u; = Cs;/C and v; = N;/C, for i = H,L, and the observation thai, /vy, =

N, /v, it follows that:

Ny _ Ny

HHuH HLuL

(3A.1)

From the steady state conditions in Section 3.&4awed;q;u; = z;A(1—u;—w;), for i # j.

For the Balanced Equilibrium this becomes

Onquuy = 0,q,u, (34.2)

Combining (34.1) and(3A.2) for the Balanced Equilibrium we gé&;qy = N, q,

00q;

3q, < 0 andq, = qy imply that

which means that ilVy; > N; thenq; = qy. Note that

Onqn = 0,9, andq, 049y = q160.9,-
Combining equationg3.1), (3.2), (3.3) and(3.10), one getsS; — S;, =% , Where

N=p(+ 2/1)(7”(911(11-1 —0.q,) + (1 = B)(qLO0uqu — QHQLqL)) ((T +22) (] + ;) +sc —
mc) and D =71B%(r +40)04qy0,q, + (r + 2)?@*+ (1 —B)(qy + q.) + (1 —

B)?quq, + B — B)(qL0uqu + qu6.qL) + 7B (0nqu + 6,q.)). To prove thatSy — S, is
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nonnegative we observe that the denomindtois always positive. The numeratdr is
always nonnegative. This is established by showimat both (r + 21) (] + g) + sc —
meand r(0yqy — 0,q.) + (1 — B)(q.04qy — qubLq.) are nonnegative. The former is

always nonnegative as we earlier imposed exist@fdde transport market by imposing

mc

K
]+: > r+214°

The latter is nonnegative sinégqy > 0,q;, and q.0yqy > qx0.q, in the

Balanced Equilibrium. Therefore for the Balancediitorium Ny > N, impliesSy, = S;.
Appendix 3.B — Restrictions on asset values

We will prove thateither S; > My or § > M, (but not both, so it is not true thg§ <My
and § <M..). This can be proven by contradiction. Suppose tivatS; <My and S. < M,.
Note thatSy = 0, which implies thaMy > 0. Equation (2) implies then that for H, L:

M; = — mc + 24 (M; — M), i#i, (3B.1)

which implies thatMy = M_ = /7 mc/r < 0.This is inconsistent witMy > 0.
Hence, we have establishdteitherS,; > My or S > M,.

Appendix 3.C — Derivation of Equations (3.5) and (&)

Independent of whether the type of equilibrium &dhced or Imbalance&,; > My, S. > M,
andS; = 0. The Bellman equations (3.1) and (3.2)iferL, H can then be written as:

O0=—sC+0nau (My +pu) (3C.1)
rMp=—mc+ 22 (S — M) (3C.2)
rS=—sc+a (ML—S +p) (3C.3)
rM=—mc+ 2 (— M) (3C.49)

These four equations imply that:

sc mc 2/

= + - S, (3C.5)
6,9, r+24 r+2

Py
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sc __mc +6?LqL+r

= S 3C.6).
6a r+20  6q 8¢.9)

P

Equations (3C.5) and (3C.6) correspond with egnatig3.5) and (3.6) in the text

respectively.

Appendix 3.D — Proof of Theorem 3.1 and thapy > p.
We first prove thatpy > p. for the Imbalanced Equilibrium. In this equilibnuwe have

mc

S, =M = ey Therefore (3.5) and (3.6) may be written as:
Py = > ¢ (1+ 2 j (3D.1)
6,0, r+24 r+24
rmc
sc-— + 24
- r
pL=—F (3D.2)
" da

Recall that our assumptions imply that the denotomaf the right hand side of (3D.2) is
positive. Thus (3D.1) and (3D.2) imply thatis decreasing if 0 (i = H, L) andpy > p, for
6.0, =6.q,. One may consider these two equations as ther§ey&emand’ functions for

i = H, L, which both describe how prices depend on the exgircontact rate. We can also

construct two corresponding upward-sloping ‘supfilyictions. From (3.15), we have:

- _plark) (3D.3)
r+@-Aa.

P
and from (3.3) combined with (3.10) we get

o, =BT K)*(Sy - M)A A +0y) (3D.4)
r+ - p)a,

26,0,
We showed earlier thata'—q' <0. Thereforep, is increasing ing q, . It is also clear from

(3D.3) and (3D.4) thapy>p. for gy = q. becauseS; > S. Note that a value of;
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corresponds uniquely with one value &6} . Given the result thaiy > p,, in the downward

sloping demand functions, and thpt >p_ the upward sloping supply functions, the
equilibrium pricepu, at the intersection of (3D.1) and (3D.4), will beleast as high as
equilibrium pricep,, at the intersection of (3D.2) and (3D.3). Therefp, >p_ in the
Imbalanced Equilibrium.

We can now prove Theorem 1 for the Imbalanced Hxium in the following way.
Note that using (3D.2) we know thpt — O if 6,9, — «, whereasp. — « ifg,q, — 0.
Furthermore from (3D.3) we know thagi — 0 if q. —» o« orgd q,_— 0, and thatp,
— (I +«/r), if gq.—0 ord.q, — . This means that there must be an intersection
between (3D.2) and (3D.3) for a positiye,(g,q, ) combination. Aspy defined by (3D.1)
has similar limit properties g defined by (3D.2) ang, defined by (3D.4) exceeds

defined by (3D.3) infg, 80,) space, one can conclude that there also existstensection

between (3D.1) and (3D.4) for a strictly positiy®,(6,q,,) combination. Hence, we have

proved Theorem 3.1.

Second, we prove that > p_ for the Balanced Equilibrium. From (3.5) and (3:8

have
sC mc 2/
= + - S , 3D.5
P 6,9, r+24 r+2x - (30.5)
m Gq +r
p =+ A T g (3D.6)

" 6a. r+20  4aq

Given the result thedy > S andS; = 0 we haveS. < 0. Thereforegpy > p. for the same value
of 84 . These equations can again be considered as g)velemand’ functions (although

we do not say anything about monotonicity). Thepfgy' curves can be obtained in the

following way as above. From (3.3) and (3.10) w&ob

P :IB(U +K)+(S =M )@= B)(r +q,) (3D.7)
r+@-Ba
_ B +K)+ (S, ~ M, )(A- A1 +4,) (30.8)

Py r+ (- A)a,
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We now establish thafpy>p. for the same value ofg. From (3.2) we have
My = —mc + 2 (S — My), which gives

mc 24
H ™ +——S5, .
r+21 r+2A

mc mc 24

This makess -M, =———+S and, due t0oS, =0, S, -M, = - S, -
r+2A r+24 r+24

L

SinceS, <0 we haveS, -M, >S, —-M, . Thereforepy > p_ for the same value of.

As every value ofy implies a unique value fakq;, py > p. holds also for the same
value of . We again have thaty > p_ for both the ‘demand’ and the ‘supply’ functions.
Therefore the equilibrium pricpy, at the intersection of (3D.5) and (3D.8), will bigher
than the equilibrium pricey, at the intersection of (3D.6) and (3D.7). Therefpy > p.

holds also for the Balanced Equilibrium.

Appendix 3.E — Example wheregy, > py given increasing returns to scale

In this appendix we present an example wipere py for the case of amcreasingreturns to
scale matching function under the presence of abalamced Equilibrium (note that
throughout this chapter we assume constant retarssale). We take the same values for the
exogenous parameters as in Table 3.3, extepB000 instead ofl = 50 and set the Cobb-
Douglas parameters of the matching function equ@l® (increasing returns to scale) instead
of 0.5 (constant returns to scale). This is an etamvhere speed is extremely high, or
equivalently the transport distance is low relatiee the search time. In our numerical
example, it means that a single trip takes onlyhbdrs, so the cost of a roundtrip plays a less
important role than the search time for a custonidre outcome is an Imbalanced
Equilibrium for which some of the most interestiwayiables can be found in Table 3E.1. The
increasing returns to scale property of the matgfimction is the most probable reason for
the search time to be so different betwekandL which, in combination with low roundtrip
costs, leads tp. > py. When we would assume constant returns to scalgever,py > p.

would be obtained.



Table 3E.1:

Equilibrium outcome for an example ve®r> py;

increasing returns to scale matching function

Constant Returns to

Increasing Returns to

Matching Function Scale Scale

m(x, y) = gx’'y° y=0=05 y=0=06
Speed =50 2=3000

PH € 5,785 € 380

P € 1,044 € 392

z 0.190 0.189

C 399.9 113.3
Carriers’ search time iH 1.92 days 0.72 days
Carriers’ search time ib 2.54 days 0.95 days
Customers’ search time 9.71 days 3.62 days
Customers’ search time In 12.75 days 4.78 days
Single-trip moving time 3.653 days 0.061days
Single-trip moving cost € 2,499 €42
Carriers’ search cost id €789 € 297
Carriers’ search cost in €1,044 € 392

75
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CHAPTER 4

ENDOGENOUS FREIGHT PRICES AND TRADE
IMBALANCES*

4.1 Introduction

In this chapter we study the effect of imbalancefraight prices by means of empirical
evidence. Similar to Chapter 2, low water levelduee capacities, and are taken up as an
explanatory variable in the estimation of freighicps. This chapter adds an empirical
dimension to the theoretical layout on imbalanog fagight prices in Chapter 3.

Transport costs play a fundamental role in the rdatetion of the location of
regional economic activities (see, e.g., Krugma®91l 1998; Ottaviano and Puga, 1998;
Neary, 2001). A characteristic assumption in thesadies is that transport costs are
exogenous. However, recently, a number of studée® lemphasized that transport costs are
endogenousin particular, we refer to the recent studieBleyrens and co-authors (Behrens
and Gaigné, 2006; Behrens et al., 2006; Behreid.,e2009). For example, Behrens et al.
(2006) introduced the presence of density economtesa new economic geography model
by assuming that unit shipping costs decrease whth aggregate volume of trade.
Endogeneity of transport costs is clearly also irtgpa for studies on international trade. For
example, Anderson and van Wincoop (2004) stress¢led to deal with this issue in studies
on trade. Note that, although transport coststhe physical costs of a shipment, are only a
share of trade costs, (Duranton and Storper, 2@@8)sport costs are generally thought to be
the most important trade castthin countries and one of the most important componeits
trade costdetweencountries. This certainly applies to trade withie tEU where artificial
trade barriers are absent or limited. AccordingStinchez et al. (2003) and Limdo and
Venables (2001), artificial trade barriers are i to low levels as a result of trade
liberalization. Therefore, it is plausible that tledative importance of transport costs in total
trade costs has increased in recent decades.

There are a number of reasons why transport costsralogenous (for recent studies

which discuss this issue, see Duranton and Sto20€8, and Anderson, 2008). One reason is

" Chapter 4 is based on Jonkeren et al. (2010) Ewng Transport Prices and Trade Imbalances, Jafrna
Economic Geography, forthcoming.
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that the unit shipping costs decrease with themelwf trade due to the presence of density
economies (e.g. Behrens et al., 2006). Anotheoreasthat industry location is endogenous
(see, Behrens et al.,, 2009). The current articldremses another aspect i.e., that the
endogeneity of transport costs results from an lamzz in terms of trade volumes between
two regions (Behrens and Picard, 2008; Boyer, 199Bjs causes the freight price in one
direction to exceed the price in the opposite dibecwhena positive proportion of carriers
are required to return without paid cargbOne of the implications of the imbalance is that,
ceteris paribus, unit shipping costs increase trittie. It is therefore theoretically ambiguous
what the net effect is of a change in the tradddme on trade costs as it depends on what
type of effect dominates, density economies or larize. In one market, the net effect may
be negative while for other markets it may be pasit

The effect of imbalance on freight prices may podly be very large. For example,
the freight price for a 1 TEU (twenty-foot equivaleunit) container of plastic bags from
Shanghai to San Francisco is currently $ 2,065 redits backhaul price is $ 1,111. So the
backhaul price is roughly 50 per cent less tharfribrethaul pricethis kind of information is
publicly available on freight price websites sushvavw.freight-calculator.com). Likely, the
main explanation for this observation is that therchandise goods flow from China to the
U.S. is much larger than the other way around éilue terms, the flow from China is 4 times
that of the return flow).

In the current study, we focus on price formationa spatial inland waterway
transport network for predominantly dry bulk cargdis market is highly competitive with
thousands of small carriers (see Table 4.1), thpnitya of those carriers being one-ship
enterprises. In addition, the carriers offer a treddy homogenous product (transport of
different types of bulk cargo) and shippers mayilgaswitch from one inland waterway
carrier to another. In the inland waterway sedtohalances in transport flows are frequently
observed. Imbalances are caused by regional diifese in demand for transport. For
example, in Europe, most seaports, such as Rotte(aathe Netherlands) and Antwerp (in
Belgium), receive more cargo (iron ore, coal, €tajn overseas locations than they dispatch
to these locations. This implies that more cargmassported from the seaport regions to the
hinterland regions than in the opposite directiamich causes an imbalance in inland

shipping trade flows.

“8 For an early discussion of this phenomenon, ugaalled the “backhaul problem”, see Pigou (1913).
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Table 4.1: Number of registered barges per RhingHryp per segment on 31/12/2006

Netherlands Germany France  Belgium Switzerlanduxemburg Total

Dry cargo 3828 1803 1316 1272 20 13 8252
Tanker 767 422 77 223 37 18 1544
Total fleet 4595 2225 1393 1495 57 31 9786

Source: CCNR and European Commission, 2007.

This is not the first empirical study to focus oeifht prices. There is an extensive literature,
mainly focusing on maritime transport, in which tdeterminants of freight prices are
analysed, but imbalances in transport flows arellysignored. We are aware of four studies
in which the effect of an imbalance in transpooirfs on maritime shipping prices has been
examined empirically (Blonigen and Wilson, 2008; IM&meier et al., 2006; Marquez-
Ramos et al., 2005; Clark et al., 2004). Howevethese studies, imbalance is assumed to be
exogenous, which is at odds with theory (note @latk et al. (2004) and Marquez-Ramos et
al. (2005) allow for density economies by includaggregate trade volume as an explanatory
variable and treat trade volume as an endogenaiabie).

We estimate the marginal effect of an imbalanceansport flows on the unit freight
price of trips in the inland waterway transport kedrin North West Europe. We mention
some major differences between the current study the four freight price studies
mentioned above. First, these studies use infoomatn imbalances of bilateral routes, while
we also take into account characteristics of thevosk using a spatially-weighted regional
imbalance measure, in line with other economic iappbns of spatial problems (see, for
example, Boarnet, 1994a, 1994b; Rice et al. 20®@atial weighting implies that we take the
imbalances in other (particularly adjacent) regiont® account when determining the
imbalance for a specific region. Second, to ourvedge, we are the first to consider
imbalance as an endogenous variable, using thempreof sea-ports as instruments. Third,
we empirically capture density economies in a d#fe, and arguably more fundamental,
way than Clark et al. (2004) and Méarquez-Ramod.g2805). Using a broad definition of
density economies such as used by Brueckner @%l2), density economies arise because a
higher traffic density on a route allows the carti@ use larger vessels and to operate this
equipment more intensively (at higher load factoirs)addition, higher traffic densities on a
route allow for a more intensive and efficient udethe port facilities that serve that route

implying lower time costs per unit handled. As wavé a very rich data set, we are able to
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capture density economies by means of three tigiip control variables: vessel size, load
factor and travel time. The travel time of a tmgludes the time of loading, transporting, and
unloading the carg8.Fourth, our study concerns inland waterway trartspehich comes
close to the ‘ideal’ standard perfect competitivarket, while previous studies focus on the
maritime transport sector, where market power ofi@a is potentially an important issue as
argued by some studies (Sjostrom, 2004).

The importance of inland waterway transport as phtihe overall transport sector for
the regional economy is determined by geograpluicastraints. Only in those regions where
the natural infrastructure offers sufficient oppaities does inland waterway transport play a
significant role in inland transport. Examples otk regions include parts of Europe (the
rivers Rhine, Danube, and their tributaries), tl& (the Great Lakes area and the Mississippi
river) and China (the Yangtze and the Pearl River).

The river Rhine is the most important trade riverBurope as it connects large
economically important areas within and between Metherlands and Germany. The
Netherlands and Germany are neighbouring coundéngstrade between these countries is
intensive. In 2005, Germany was the most impongport country for the Netherlands, and
the Netherlands was the fifth export country foriGany.

The river Rhine has its source in Switzerland i &ps and runs through the Ruhr
area, one of the most industrialized areas in Geyma Rotterdam, in the Netherlands, one
of the world’s major seaports, where it flows itit@ North Sea. In the Rhine corridor, inland
waterway transport competes heavily with road aad transport. In general, inland
waterway transport is cheaper (per tonne-kilometen} slower than the other modes. In
2005, 58 percent of all bilateral inland trade, swgad in tonnes, from the Netherlands to
Germany, was transported by inland waterways. éndpposite direction, inland waterway
transport accounted for 41 percent (CBS, 2008; T2X®07)>° Hence, trade costs between the
Netherlands and Germany strongly depend on inlaiademvay freight prices. So, an
understanding of price formation in the inland wagy transport market is fundamental to
understand the endogeneity of trade costs betwleerNetherlands and Germany. Next,
Section 4.2 describes the data and formulatesrtigrieal model. Section 4.3 presents the

results, and, finally Section 4.4 makes some calicturemarks.

49 Large ports (which usually have more efficient diamy facilities), may induce relatively short (lmdding
times, leading to shorter travel times. On the otiend, higher volumes may imply density disecorasin
case of congestion.

%01n 2005 in total, 127 million tonnes were trangpdrfrom the Netherlands to Germany, and 73 miltoomes
the other way around implying an imbalance rati® &7. For inland waterway transport this rati®i41. For
the survey data used in the current article, we éimatio of 0.49, indicating that our data is guipresentative.
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4.2 Methodology and data

4.2.1 Methodology
Our aim is to estimate the effect of an imbalamc&ansport flows on the freight price. In a
multi-region network, one may measure imbalancefoip between two regions at the level
of theroute (for example, for each route one can calculaterdtie of the cargo flow in one
direction and the cargo flow in the other direcjion at the level of theegion (for example,
for each region one can calculate the ratio ofdkport and import cargo flowsh this
chapter, we will measure imbalance at both levels.

At theroute leve] imbalance is measured bilaterally, so on evenyerthe imbalance
is measured by the ratio of the cargo flow in omeation and the cargo flow in the opposite

direction. Hence:

M = Tij/Tji, (4.1)

whereM; is theroute imbalancdor a trip from region to regionj; T is the number of trips
with cargofromi toj andT; is the number of tripwith cargofromj toi. In our application,
we will use the logarithm d¥;;

In a multi-region network, carriers may not movelband forth between two regions
but will make more complicated journeys as theyiseruhrough the network for shipments
(we have examined this for a randomly-selected $wipcarriers in our data; it appears that
only 1 out of 50 carriers immediately travels baokthe region of origin). Measuring
imbalance at the level obuteswill then not adequately capture the effect ofrabalance in
transport flows on freight prices. It is straightfard to give relevant examples.

An illuminating example is when carriers transpgwbds from A to B, but a positive
proportion of these carriers move from B to C (jlagswithout cargo), and then transport
cargo from C to A. In this example, the freightcgrifrom A to B depends not only on the
demand for transport from A to B, and from B tobAit also on the demand characteristics of
the B to C and C to A routésMeasuring imbalance at the level of routes implfegt only

the demand for transport from A to B, as well as demand for transport from B to A, is

®1 Another example is to presume that there existsanel for transport from region B to C (but not fr@hto
A). The freight price from A to B then depends poty positively on the demand for transport frontoAB and
negatively on the demand for transport from B td® also negatively on the demand for transpornfregion
BtoC.
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incorporated in the measure in order to explainfiight price for the A to B trip. It follows
that an empirical analysis of the effect of an itabae in transport flows on freight prices in
multi-region networks which only includes measums route imbalance is likely to
underestimate the importance of the effect of abailance in transport flows on freight
prices, because the route imbalance does not amdyaapture imbalance at the network
level. In other words, if the difference betweee ttoute imbalance and the theoretically
appropriate imbalance variable is random errom ttie estimated effect is biased towards
zero, see Verbeek, 2000, p. 120. This impliesithatimportant to measure imbalance taking
network characteristics into account.

In a multi-region network, there does not exist @enerally accepted imbalance
measure, as this measure requires complete infarmabout the demand functions of all
routes, which is not available. We will improve a@he route imbalance variable by
introducing a measure that takes into account hiosecregions are located to each other.
This measure will be called the region imbalanceiabde — as opposed to the route
imbalance concept - and is defined as the ratithefexport and import cargo flows in a
region. To take the geographical relationship betweegions into account, we construct a

spatially-weighted region imbalangariable,l;, which is defined as follows:

2w; 0,

| =4 , 4.2
TTwD, (4.2)
]

whereQ; is the number of tripwith cargodeparting from regioft D; is the number of trips
with cargoarriving in regionj; andw; is a weighting factot? The principle of weighting is
used in many spatial applications (see Boarnet4d99994b; Rice et al. 2006). One may
definew; in several ways. For examplews§ = 1 andw; = O fori # j then regions other than
do not play a role in the determination of the itabae in region, so in this casg = Oi/D..

In our empirical specification, we defing as follows:

_ F(dij) _ .
W; = —=———, sothat ¥ w,; =1 foralli. (4.3)
> F(dy) i
J

2 An alternative way of measurementlpfs to measur®; andD; in terms of the amount of cargo (in tonnes)
instead of the number of trips with cargo. Becatlse correlation between the region imbalance végiab
measured in number of trips with cargo and the saam@ble measured in tonnes is close to one (0i98)

appears that the results are insensitive in tisiseet.
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We will use F(d;) = e’ | soF can be interpreted as an exponential-decay fadkpris the

distance between regionandj and y is a decay paramet&rOne difficulty is how to obtain
a value foi. In our application, we will not arbitrarily fiyy as is often done in empirical
studies. Instead, the parametgrwill be estimated using information about the aliste

navigatedwithout cargo by inland waterway carriers before starangew trip with cargo.
The weightw; may thus be interpreted as an inverse indicatoeaminomic distance: the
shorter the distance between two regions, the hitteeprobability that trips without cargo
will be made to collect cargo from a neighbouriegion. We will now give an — admittedly
simple - example for which holds that the weightedion imbalance variablé;, is more
appropriate than the route imbalance variable. Wleswppose there are only three regions,
A, Band C.

Suppose there is demand for transport betweennedicand B as well as between A
and C, but not between B and C. Suppose furthéthlealistance between regions B and C is
negligible and the distances between A and B arahd C are so large, that carriers would
hardly make an empty trip from B to A (or C tot #)pick-up cargd? Because regions B and
C are close to each other, we have essentially arégion network so the appropriate
measure of imbalance for regions B and C is thie aitthe sum of the departing cargo from
B and C to the sum of the arriving cargo in B angBoyer, 1998). Using the weights for
regions A, B and C, the region imbalance indictas defined in (4.2) exactly measures the
imbalance in the correct way whereas the route iamo@ variableM; as defined in (4.1)
does not (as it ignores that B and C are essgnbak region). We emphasize that this does
not prove that the region imbalance measure isrgup® the route imbalance measure for
all possible network configurations but in the jprsconfiguration it certainly is.

In networks with more than two regions, freightces are expected to depend
positively on the imbalance in the regionasfgin, as well as negatively on timbalance in
the region ofdestination So, we will usewo indicators of region imbalance (only in a two-
region network, there is no distinction between sueiag at the level of the region or at the
level of the route). We aim to estimate the effecthe imbalance in the “origin region”,

denoted a$ and the imbalance in the “destination region”, ated ad; on the freight price.

%3 The use of the distance-decay principle is widesgin network modelling. For example, Hojman areid
(2008) introduce a model of network formation iniethbenefits from connections decay with distance.

> n this case the weights are determined as foll@wg = Wee = Wae = Wep = 0.5, Wig = Wga = Wac =Wea =0
and ws = 1.
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Later on, we will show in the empirical applicatitmat these two imbalance variables have
about opposite effects. Therefore, we will use aenparsimonious measure of the imbalance
for the pair of regions andj, I, which we will call the “region imbalance differest, and

which is defined by the ratio of the imbalancehi prigin region and the imbalance in the

destination region:

|ij = Ii/|j (4-4)

The use oflj in the price equation implies that the effectsl;cindl; are assumed to be

identical and that the effect bfis inversely proportional to that of

4.2.2 Data

We employ a data set, the Vaart!Vrachtindicatoricltontains detailed information about

trips made by inland waterway carriers in North WEsrope (more information can be

found on the website www.vaart.nl, as well as inkéven et al., 2007). The carriers report
information (via the Internet) about their tripsich as the freight price, region and date of
(un)loading, capacity of the ship, number of tonmtesisported, type of cargo, etc. We
distinguish between trips from and towards 15 negjaising a classification as reported by
the carriers (see Figure 4.1). Information on thgian imbalance values for the 15 regions
can be found in Appendix 4.A.

The data set contains information on inland watgrwansport trips that occur in the
spot market where the freight price is negotiated fpip. In our application we use the
logarithm of the price per tonne. Inland waterweansport enterprises that operate in the
long-term market (and work under contract) areinoluded in the data set. The data cover
therefore only a limited part of the whole inlandterway transport market, but, descriptives
of our imbalance variable calculated for the Ndtmds and Germany are consistent with
publicly available data. This suggests that theparns representative in terms of imbalance

variables.
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Figure 41: Regions in the inland waterwtransport market in North West Eurc
Note: 1 Upper Rhine, 2 Neckar, 3 Main/ Danube, ddi& Rhine, 5 Moselle/ Saar, 6 Ruhi

West German Canals, 8 Netherlands East, 9 Nethsr|INiorth, 10 Netherlands Centre,
Netherlands South, 12 Amsterdam Port 4, 13 Rotterdam Port Area, 14 Antwerp F

Area, 15 North German Canals.
The database contains 21,865 observations of inkatdrway trips in North We:

Europe, reported between January 2003 and Jan0@i Eor about 6,000 trips informati
on the stram direction, which we will use as control varigbig difficult to determine
Therefore, these trips are excluded from the aise Appendix 4B offers the sam
descriptives as in Table2}.but now including the mentioned 6,000 trips. Witese extr.
trips we are able to distinguish between 20 reginstead of 15 regions. The descriptive:
Appendix 4B and the analysis based on 20 regions (which géggsimilar results and ¢
be received upon request) show that our sampletiselective. Obsvations with missing
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information, a few extreme outliers, and observatithat concern container transport were
also excluded. We exclude observations referringptttainer transport because the price for
container transport is expressed as the freighegrer container instead of the freight price
per tonne. Further, we excluded a limited numbeshsfervations for which the measurement
of the route imbalance is unreliable Mg may contain substantial measurement error if the
number of trips between two regions is srallllitimately, 10,794 observations (of which

10,324 trips concern transport of dry bulk and 4fps refer to wet bulk) are used for

multivariate analysis.

Table 4.2: Descriptives of key variables of tramgpfiows and trip data

Variable Minimum Maximum Mean S.td'.
Deviation

M; (route imbalance 0.27 100.0( 7.32 14.9:2
log(Mj) -1.32 4.61 1.14 1.22
lij (region imbalance difference) 0.45 2.76 1.64 0.71
log(li}) -0.81 1.02 0.37 0.56
li (region imbalance, origin) 0.74 1.81 1.44 0.39
log(li) -0.30 0.59 0.32 0.31
l; (region imbalance, destination) 0.66 1.81 1.00 40.3
log(l;) -0.42 0.59 -0.05 0.30
Price per tonne (in €) 1.45 54.55 8.13 5.37
Travel time (in day: 1.0C 30.0(¢ 5.2¢ 2.27
Distance trip (in kr 97.0( 4000.0( 56¢ 271
Distance navigated without cargo (in t 0.0C 908.0( 95.1¢ 97.0:

Source: The Vaart!Vrachtindicator (2003 — 2007).

The descriptives of key variables used in the amslgire shown in Table 4.2. The average
trip (including loading and unloading time) takdsoat five days. The average freight price
per tonne transported is € 8.13.

To calculate the region imbalance variable, we nedormation about the decay
parametery. This parameter has been estimated on basis otalers’ distribution of
distances navigated without cargo before startitrgpa(see Appendix 4.C). To estimaten
this way is useful because after a carrier has hataded, carriers frequently traveithout
cargo to another region from where the next trip witligoastarts. In one out of three trips,
carriers navigate more than 100 kilometres witheargo before starting a new trip. In one
out of nine trips, carriers navigate even more 2@ kilometres without cargo. The average

distance navigated without cargo is about 95 kiliwe® which is substantial compared with

°5 For the selected sample, the number of trips betvieo regions exceeds 96 for all routes, so thisot an
issue in the current application.
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the average distance navigated with cargo whicb6@ kilometres (see Table 4.2). The
estimated value of the paramejeaelated to the exponential distribution of distesevithout
cargo equals 0.011 (see Appendix 4.C).

As an illustration of the effects we aim to captutenay be useful to focus on freight
prices in one specific region. Freight prices fgod originating from the Rotterdam port area
are 32 percent higher than prices for trips argvivere, whereas the (weighted) number of
trips with cargo departing from the port of Rotmd is about two times higher than the
(weighted) number of trips with cargo arriving retport of Rotterdam (see Appendix 4.A).
Although only suggestive, it seems that the effeictimbalance on freight prices may be
substantial.

Our main focus is now to examine the effect of rikgte and region imbalance difference -
M; andl; - on freight price$’ In addition to the two imbalance measures mentiateove,

we include a large number of control variableshim price equation to be estimated:

log (Yyije) = B1log(Mi;) + Balog(Li) + BaXyije + €rijie (4.5)

whereY,;;; denotes the freight price per tonne for triipom regioni to regionj at timet, M;;

is the route imbalance for a trip between regioasdj, /;; is the region imbalance difference
for a trip between regionisandj, X,;;; refers to observed explanatory variables of the tr
&qjc denotes unobserved random error Aisdare coefficients to be estimated.

The control variables i, include: a time trend, travel tirffeand distance, both in
logarithms; ship size (categorized by 5 dummy \@#es); 47 bulk cargo dummies (e.g. coal,
gravel, fertilizer, wheat, corn, soya), the fuatprin logarithm and the load factor, defined as
the ratio of the tonnes transported and the capa€ithe inland vessel, also in logarithm.
Furthermore, we include water level as an explagatariable by means of 9 dummies. As
shown by Jonkeren et al. (2007), water levels hatweng effects on prices, as low water
levels impose restrictions on the load factors dénd waterway vessels. Water level is
measured at Kaub (a town in Germany at the Eadt bhthe river Rhine) because Kaub is

the critical bottleneck in terms of the load factor trips that take place in the river Rhine

6 To identify the effect of an imbalance in trangpfiows on freight prices, we doot exploit any time-
variation in regional imbalances, because muctheftime-variation observed in the imbalance vaealid due
to measurement error, which induces a strong measnt error bias.

" For 76 percent of the observations we have thespecific travel time. For the other observatithis
variable is not reported, so we use the regioretpen specific average travel time. This introdusese
measurement error in this variable.
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basin. As not all trips pass Kaub, we make a distn between the effect of the water level
for trips that pass Kaub and that for trips thaindo pass Kaub. The costs of navigation may
depend on the navigation direction as downstreargation requires less fuel than upstream
navigation. We distinguish between five differeavigation directions. Finally, we include a
dummy variable for each month (11 dummies) to adritr unobserved monthly changes in
supply and demand factors. A discussion of theltestdi our analysis will be presented in
Section 4.3.

4.3 Results

4.3.1 The effect of imbalance on the freight price

Equation (4.5) has been estimated using ordinast Isquares, as well as using instrumental
variables. As the imbalance variables are aggregatesures, we allow for clustering on the
basis of the region of destination. This prevehts standard errors to be biased downward
(Moulton, 1990)® Clustering on the basis of region of origin or e basis of routes
generates almost identical results. However, dligjeon the basis of the region of
destination is the more conservative procedurth@rsense that the standard errors are larger,
SO we opt to report this way of clustering.

OLS estimates of the effect of imbalance may beddadue to endogeneity of the
imbalance variable because freight prices and flaressimultaneously determined. Hence,
shippers in regions with a, for them, favourabléatance (i.e. in regions where supply of
carriers is relatively large) will increase theendand for inland waterway transport capacity
because the freight price for trips that depannfriat region is low. In the case of inland
waterway transport, the endogeneity of imbalance ma argued to be important, as the
inland waterway transport sector competes withrélileand road sectors for the same cargo.
On the other hand, one may think that endogensityot an issue, as, especially in case of
transport over long distances, the cost advantagsing inland waterway transport instead
of alternative transport modes is substantial. Harmore, as the inland waterway transport
costs are only a small part of the overall productiosts of the goods, it may be thought that
demand for transport is quite inelastic with respec¢he unit freight price. We are aware of a

number of recent studies which demonstrate thatadenfor inland waterway transport in

®8 Not allowing for clustering results in standardoes which are about four times smaller for theraggte
variables.



89

Europe is inelastic. For example, Jonkeren et2807) report that the demand elasticity is
about -0.5.

We use an instrumental variable approach to addnessndogeneity of the imbalance
variables. Our instruments are two sea port dummvidsh measure whether a trip starts or
ends in a sea port. These instruments can be atgusa exogenous with respect to the unit
freight price, because the freight price is uniki affect the presence of sea ports. Hence,
the exclusion restriction is that the presenceeafgorts has no direct effect on freight prices,
conditional on transport flows.

The port dummies are not only exogenous, one m@eaxthat they are also strong
predictors of the region imbalance difference. urdpe, seaports such as Rotterdam and
Antwerp import more bulk cargo from overseas lawadithan they export to these locations,
because industries in the hinterland of those seamse large quantities of bulk cargo as
inputs in their production processes and delivenufectured goods as output. This implies
that more bulk cargo is transported from the sedaptor the hinterland regions than in the
opposite direction.

The strength of the instruments has been examipeddressing the logarithm of the
region imbalance difference on the control variab{g: and the two sea port dummies. It
turns out that the instrumental variables are Rigidnificant, with a F-value of more than
100. In addition, when we exclude the route imbedam the specification of the model
(consistent with our results), such that the nundfemstruments exceeds the number of
endogenous regressors, then a standard overidatitfi test shows that the two instruments

are jointly valid (so they are internally consigtesith each othery®

*9 Note that this test is rather weak in the senaehibth instruments represent similar variableii, She may
interpret the test as a misspecification test.
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Table 4.3: Estimation results for the freight pricéhe inland waterway transport market

OLS \Y%

Explanatory Variables Coefficient Std. Error  Coefficient Std.

Error
Constant -3.34: 0.24¢ -3.29¢ 0.271
Region imbalance
difference, log(;) 0.116 0.038 0.296 0.085
Route imbalance, logi/;;) -0.013 0.006 0.008 0.013
Log(travel time) 0.086 0.013 0.079 0.012
Log(distance) 0.689 0.037 0.695 0.037
Time trend/1000 0.278 0.036 0.276 0.037
Log(fuelprice) 0.027 0.061 0.031 0.061
Log(loadfactor) -0.421 0.04¢ -0.42¢ 0.04¢
Vessel size
0- 1000 tonne 0.31: 0.01¢ 0.31¢ 0.01t
1000- 1500 tonne 0.20¢ 0.01t 0.21: 0.01t
1500 — 2000 tonnes 0.127 0.017 0.130 0.017
2000 — 2500 tonnes 0.080 0.013 0.083 0.013
> 2500 tonnes Reference Reference
Navigation direction
Upstream 0.202 0.053 0.006 0.074
Up-and-downstream 0.229 0.038 0.087 0.066
Partly upstrear 0.14¢ 0.06: -0.03¢ 0.08(
Partly downstrea 0.051 0.03¢ -0.00: 0.03¢
Downstrean Referenc Referenc
Water level, trips via Kaub
<180 0.433 0.032 0.424 0.032
181 - 190 0.325 0.042 0.317 0.043
191 — 200 0.275 0.024 0.272 0.023
201 - 210 0.249 0.030 0.245 0.030
211 -220 0.163 0.027 0.156 0.025
221 -230 0.133 0.026 0.129 0.025
231-24C 0.111 0.02( 0.10¢ 0.01¢
241-25C 0.06¢ 0.017 0.06¢ 0.017
251-26C 0.02¢ 0.00¢ 0.03( 0.00¢
> 261 Referenc Referenc
Water level, trips not via
Kaub
<180 0.326 0.057 0.327 0.061
181 — 190 0.283 0.049 0.283 0.053
191 — 200 0.179 0.042 0.179 0.047
201 -210 0.158 0.044 0.162 0.048
211-22C 0.10¢ 0.04: 0.10: 0.04¢
221-23C 0.04: 0.031 0.04: 0.04:
231-24C 0.04: 0.03¢ 0.04¢ 0.04(
241-25C 0.02( 0.03¢ 0.02¢ 0.04:
251 - 260 0.008 0.033 0.011 0.040
> 261 -0.019 0.032 -0.015 0.040
Month dummies
January Reference Reference
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February -0.066 0.011 -0.068 0.012
March -0.133 0.016 -0.133 0.016
April -0.098 0.015 -0.100 0.016
May -0.085 0.017 -0.087 0.018
June -0.082 0.023 -0.084 0.024
July -0.06¢ 0.02¢ -0.06¢ 0.02¢
Augus -0.13: 0.02¢ -0.13: 0.027
Septembe -0.04¢ 0.02¢ -0.047 0.02¢
Octobe 0.02¢ 0.027 0.02: 0.027
November 0.078 0.023 0.079 0.024
December 0.159 0.020 0.159 0.020
Cargo dummies, 46 Included Included

R® 0.8669 0.8644

The dependent variable is the logarithm of thegpger tonne. The results are based on data
from the Vaart!Vrachtindicator (2003 — 2007).

Using IV, the estimated region imbalance elastiEt®.296 (s.e. 0.085), substantially higher
than the elasticity of the OLS estimation 0.11€.(§.038). The results are shown in Table
4.3. A Hausman t-statistic (t = 2.36) implies theg reject the null hypothesis of exogeneity
at the 95 percent confidence level, indicating thatOLS estimates of the region imbalance
difference elasticity are inconsistent (see Wodlgi, 2002, p.120). If we focus on the route
imbalance effect, we see that its impact on thaliteprice is rather limited in size and
statistically insignificant given the IV approacénfploying OLS, the effect has even the
‘wrong’ sign, also indicating that 1V is the supmrapproach). This finding is consistent with
the observation that only a few carriers travekiaud forth between regions.

Recall thatl; is defined agi/l;, and we use the logarithm of this variable. Ouinma
result is therefore that the elasticitylpfwith respect to the freight price is equal to 8.2Po
understand the size of the effect, it is usefutdasider a one standard deviation increase in
the imbalance in the origin regiot, which is 0.39 (see Table 4.2). Assuming that
increases by one standard deviation (from its nvéaich is equal to 1.44), then the freight
price for trips that depart from this region wi# 7.0 percent higher. This has been calculated
by ((1.44 + 0.39)/1.447°°— 1 = 0.07. As the freight price includes the sasft navigation
plus the time costs of loading and unloading (thedting costs of loading and unloading are
paid for by the shipper), the calculated increasé&eight price applies to the ‘full’ freight
price. A similar calculation for an increaseljmenerates almost the same result but with the
opposite sign: ((1.00 + 0.34)/1.00°%1 = -0.08.

It is also interesting to study the joint effecfstte imbalance in the origin regioh)(
and the destination regiom)(focusing on opposite trips between the Rottergem area

(where a large seaport is located) and the Neckea. dn the latter area, the (weighted)
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number of trips with cargo leaving the Neckar ase84 percent lower than those arriving
whereas the (weighted) number of trips with cargaving the Rotterdam port area is 81
percent higher than those arriving. Comparing e trips, the freight price of the trip from
the Rotterdam port area to the Neckar area is Y@g@ higher than the trip in the opposite
direction due to the differences in imbalance & dhnigin region and the destination regtén.

We will now briefly discuss the results for the toh variables. It appears that the
travel time elasticity is about 0.08, and the distaelasticity is about 0.69. The sum of these
elasticities is less than 1, suggesting econonfiesale in terms of the length of the trip. The
load factor elasticity is estimated to be abou420implying lower prices per tonne at higher
load factors. Further, we find that the price dases as the vessel size increases, indicating
economies of vessel size. Stream direction doegpéar to have an effect on prices given
the IV estimates, consistent with the idea thatqwireflect round-trip cost of transport
between regions, so the one-way cost of transmoriad affect prices conditional on round-
trip cost.

We find that low water levels increase the transposts for water levels lower than
260 cm, in line with Jonkeren et al. (2007). Theefis stronger for trips that pass Kaub than
for trips that do not pass Kaub. The December dunmnpjies the existence of relatively high
freight prices in the month December confirmingh&mpomenon which is well known in this
sector (many inland waterway transport enterpréesiot work at the end of the year for
holiday reasons and they put their inland ship antenance. As a result, supply falls and
freight prices rise). The barge-fuel price effectnpt statistically significant even at the 10
percent level. Note that we control for a time tteand that, during the period analysed, fuel

prices strongly correlate with this time trendtise fuel price effect is difficult to identify.

4.3.2 Sensitivity analyses

In this section, we test for the robustness of rigorted effect of the region imbalance
difference variable. To be more specific, we exanihe sensitivity of the results with

respect to the assumption that the effect of tigarithm of the imbalance variable for the
origin region is equal in value (but with oppossigns) to the effect of the logarithm of the
imbalance variable for the destination region @B, controls for cargo type (4.3.2.2), the
number of kilometers navigated without cargo betotap with cargo starts (4.3.2.3) and the

value of the decay parameteused to estimate the weights (4.3.2.4).

60 (((0.656 + 1.15)/ 0.656%°— 1) + (((1.81 — 1.15)/ 1.8%¥%°— 1) = 0.70
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4.3.2.1 Measuring imbalance: distinguishing betweggin and destination regions

The region imbalance difference is measured asatie of the origin-and destination-region
imbalances. However, it could be argued that thécHication is too restrictive, so we allow
here for a separate impact of the origin-and dastn imbalance variables on the freight
price. We find that the effect of the origin imbata variable, lod(), is 0.332 (s.e. 0.109),
and the destination imbalance variable, 19g€0.229 (s.e. 0.082). In line with theory, the
effect of the origin imbalance variable is positivghereas the effect is negative for the
destination imbalance variable. Furthermore, itegpp that the sum of the coefficients is not
statistically different from zero (the sum equal$03 with a standard error equal to 0.082)
justifying the use of lodf) in the empirical analysis. The standard errothef sum of the

coefficients is calculated using standard covaramtes.

4.3.2.2 Controls for cargo type

In the previous section, we have shown that oursoreaof the region imbalance difference
has a strong positive effect on the freight priée have controlled for cargo type, as it may
be argued that the cargo transported affects thecasts via the density (mass per volume)
of the cargo. So, the cargo type is a relevantrobmariable, as there is correlation between
region imbalance and cargo type (imbalance is regpgecific but also the production of
certain goods and raw materials is region-specifiowever, one may argue that the effect of
the type of good transported on the freight prace] therefore the region imbalance effect, is
biased because the type of good transported maypdegenous. For example, because of a
decrease in freight prices, it may become prof@dbltransport certain goods that otherwise
would not have been profitable to transport (ergekis). A counterargument would be that
demand for inland waterway transport is price is#taas discussed above, so it is not very
likely that the cargo type is strongly endogenoith wespect to the freight price.

In a sensitivity analysis we have therefore exaluttee 47 dummy controls for cargo
type. The region imbalance difference effect imtequal to 0.274 (s.e. 0.089) (note that, in
this analysis, the region imbalance difference patar may also be biased because of
omitted-variable bias). Hence, our results are sblwith respect to controlling for cargo
type, indicating that this is a minor issue in tharket analysed. Note that this issue is likely
to be more relevant in the maritime transport miafker example, most of the goods shipped
from the Netherlands to China appear to consisisefl paper, which is transported at bottom

freight prices.
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4.3.2.3 Controlling for the distance navigated withcargo before starting a trip

We have argued above that due to differences iralamice between regions, it will be
frequently beneficial for carriers to navigate with cargo to a region with a more favorable
imbalance. Therefore, trips that start from regiamith an imbalance that is favorable for the
carriers are likely to be preceded by a relativetyg distance navigated without cargo. This
conjecture is confirmed by a weak negative con@abetween the natural logarithm of the
distance navigated without cargo variable and titemal logarithm of the region imbalance
difference variable. In a perfectly competitive nsport market, the distance navigated
without cargo before starting a paid trip should have any effect when controlling for
imbalance factof§ but, in a market with imperfections (e.g. seacolts), the bargaining
position of carriers may depend on this distancel, therefore affect the bargained freight
price. It appears that controlling for distanceigated without cargo in the regression hardly
affects the region imbalance difference coeffici@vitich is equal to 0.231 with an s.e. equal
to 0.084). We find that the effect of distance gated without cargo on the freight price is
small with an elasticity of only 0.01.

4.3.2.4 Different values for the decay parameter

Recall that the value of the decay paramethas been estimated assuming an exponential
distribution of the variable which measures thetatise navigated without cargg. is
therefore equal to the inverse of the average mtistamavigated without cargo before starting
a trip, which is slightly more than 95 kilometr&¥e have examined the robustness of our
results by assuming that the distance navigatetowit cargo is 70 or 110 kilometres,
implying a y of 1/70 and 1/110 respectively. This range seems reasonable because very
small values fory imply that navigating without cargo is costlessieneas very large values
for y imply that navigating without cargo is prohibitlyeexpensive. Both implications are
unrealistic and inconsistent with the data. Thuseene values foy are not realistic. We find
that the results and, in particular, the effecttied imbalance in the origin region on the
freight price remains essentially unaltered forsthether values for. An increase of one
standard deviation in the ratio of the export amgart cargo flows in the origin regiom)(
now results in an increase of 6.3 perceny (# 1/70) and 7.7 percent ¢f= 1/110) of the
freight price.

61 A shipper will choose the barge-operator thatrsftie lowest price, so a barge-operator cannoaasigher
price if it has to navigate empty to the placeaafding for a particular trip.
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4.4 Conclusion

In the extensive literature on (regional and indtional) trade and regional activity, it is
common to assume that transport costs are exogebhotigecently a new literature has
emerged which argues that these transport cosesnal@enous. For example, Behrens et al.
(2006) make the assumption that unit freight pricegatively depend on trade volume using
density economies arguments. In this chapter, ve® argue that transport costs are
endogenous, but use an entirely different argum@nt. argument is that transport costs
depend on imbalances in trade flows because cagare to return to high demand regions
without paid cargo. This implies that, ceteris pas, unit freight prices positively depend on
trade.

Here, we have studied this effect empirically usaimgongoing survey for carriers in
the inland waterway transport spot market in Noithst Europe, which covers mainly the
Netherlands and Germany. Between these two coantigout 50 percent of all physical
trade is transported by inland waterways, so theepiormation in the inland waterway
transport market is fundamental to our understandinthe cost of trade between these two
countries. The survey provides not only informatadvout freight prices for each trip, but
also detailed micro-information about a large nundfecontrol variables.

One important difference between the current study existing empirical maritime
transport studies is that the latter studies meadensity economies by means of the size of
the flow on routes (volume) and do not take intocamt the potential endogeneity of the
imbalance variable, whereas in our empirical appion, we control for density economies
by means of several variables (vessel size, loambifand travel time), and emphasize that
transport costs are endogenous with respect tantbalance in export and import cargo
flows in regions (the ‘region imbalance’). Althougtandard transport economic theory on
pricing of transport services within a two-regiatitsng motivates our study, we have argued
that in the case of a multi-region network whergiees cruise for shipments, a measure of
trade imbalances at the level of the route may dws lappropriate than a measure of
imbalances at the level of the region. In our emgirapplication we employ both measures.

Ouir first finding is that regional imbalances playmuch more prominent role than
route imbalances in the determination of freightes in the market analyzed. Our main

finding is that a one standard deviation increasthe ratio of the export and import cargo
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flows in the region of origin increases the pricg fnland waterway transport from this
region by about 7 percent. A range of sensitivitglgses show that this effect is robust.

It is difficult to compare this result with thosé ather empirical studies because of
differences in measurement of imbalance and beaaudegeneity of imbalance is not taken
into account?

The inland waterway transport market we have studievers ‘exporting’ regions
(regions from which more trips with cargo depaerttarrive) along the North Sea coast, and
‘importing’ regions in the hinterland. The expodirregions include the seaports of
Amsterdam, Rotterdam and Antwerp. Most bulk cangers Europe from sea via these ports
and is then transported further to the hinterlamding use of inland waterway transport. The
hinterland regions do not export bulk goods on egdascale (they tend to export
manufactured goods and services) to the sea-ggpan® Hence, thphysicaltransport flow,
and therefore the number of inland waterway trartspips with cargo between seaports and
hinterland is very unbalanced. One of the main equences is that unit prices for transport
from the seaports to the hinterland are substantiaiher than the other way round.

Our results also have important implications fardgts on international trade as
reviewed by Anderson and van Wincoop (2004). Oudyimakes a strong case that freight
prices from the Netherlands to Germany are subathnhigher than the other way around
becausethe Netherlands transports much more to Germaay the other way around. We
can only speculate to what extent our results latdd for trade between other countries, but
it is plausible that our results also hold more egally. Next, the dissertation ends with

Chapter 5, where the conclusion is formulated.

62 Nevertheless we mention a few reported effectatkQt al. (2004) find that a 100 per cent poirtrdase in
imbalance (defined as US exports — US import dididg bilateral trade) increases transport costalinut 6
per cent. Wilmsmeier et al. (2006) report thatresreéase of the ratio of the volume of imports afrtoyi from
countryj over the volume of exports from courityo countryj by one point will lead to an increase in the
freight costs by 0.05 per cent. For details onetkect interpretation of the coefficients we refethe mentioned
studies (also see Blonigen and Wilson, 2008).



Appendix 4.A — Imbalance by region];

Table A.4.A: The imbalanck and the logarithm of the imbalance by region

Regior l; log(li) nr. in mayj
Rotterdam port area (NL) 1.811 0.594 13
Amsterdam port area (NL) 1.649 0.500 12
Netherlands, South (N 1.62¢ 0.48¢ 11
Antwerp port area (E 1.40¢ 0.34: 14
Netherlands, Centre (N 1.15¢ 0.14: 1C
Netherlands, North (NL) 1.060 0.058 9
Upper Rhine area (D, F, CH) 1.002 0.002 1
Main and Danube (D, A, H) 0.960 -0.041 3
North German Canals (D) 0.923 -0.08 15
Ruhr area (D) 0.829 -0.187 6
Netherlands, East (NL) 0.811 -0.21 8
Middle Rhine area (D) 0.808 -0.213 4
West German Canals ( 0.74¢ -0.29¢ 7
Moselle and Saar area (D, 0.74: -0.29¢ 5
Neckar area (L 0.65¢ -0.42: 2
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Note: NL = the Netherlands; B = Belgium; D = Geryah = France; CH = Switzerland; A =

Austria; H = Hungary.

Appendix 4.B — Descriptives of key variables of tmasports flows and trip

data

Table A.4.B: Descriptives of key variables of tpaods flows and trip data based on 16,584
observations (including trips for which the navigatdirection is difficult to determine).

Variable Minimum Maximum Mean S.td'.
Deviation

M;; (route imbalance) 0.01 100.00 7.16 14.91
log(M;;) -4.61 4.61 0.94 1.40
li (region imbalance difference) 0.36 2.76 1.42 0.69
log(l;j) -1.02 1.0z 0.21 0.5t
li (region imbalance, origi 0.6¢€ 1.81 1.3C 0.4z
log(li) -0.4z 0.5¢ 0.21 0.34
l; (region imbalance, destination) 0.66 1.81 1.05 50.3
log(l;) -0.42 0.59 -0.003 0.30
Price per tonne (in €) 0.85 54.55 7.53 5.05
Travel time (in days) 1.00 31.00 5.03 2.39
Distance trip (in km) 12.00 4000.00 520.27 284.00
Distance navigated without cargo (in km) 0.00 908.0 89.91 93.57
Source: The Vaart!Vrachtindicator (2003 — 2007).
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Appendix 4.C — Distribution of distance navigated whout cargo before

starting a paid trip

Number of trips without cargo
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Figure A.4.C: Distribution of distance navigatedheiut cargo before starting a paid trip.

Note that the variable “distance without cargoimissing for observations in the period up to
June 2004 as it was not included in the first 1&h® of the survey. Therefore, the number

of observations for this variable is 8,177.
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CHAPTER 5

CONCLUSION

5.1 Summary

Climate change is expected to influence many aspefttife in the future. Besides the

increased occurrence of natural disasters likedfpalroughts, and hurricanes, economic
activity is expected to be affected more gradudlliimate change is often associated with
changes in weather patterns, and more likely imm@acosts, and increased uncertainty.
Transport, agriculture, and tourism are commonliyntioaed sectors that are directly affected
by climate change. In this dissertation the focu®n the influence of climate change on
transport by inland navigation. In the Rhine are&lorth-Western Europe climate change is
expected to cause more extreme and volatile wateid. Extremely low water levels result

in capacity decreases, and extremely high watezldein navigation halts. Both capacity

decreases and navigation halts imply increasesostscand the occurrence of economic
welfare losses.

Measures against climate change may be categontednitigation and adaptation
measures. Mitigation is associated with the prawandf climate change or softening the
change in climate. Transport, considered as a teo/lenters the discussion of climate often
through mitigation when the reduction of the enuesof greenhouse gases is discussed.
Adaptation in the climate change context meansaiti@ptation of the various economic
actors to the new environment after climate chargethis dissertation the focus is on
adaptation strategies for the inland navigatioriae&daptation measures (or strategies) can
be categorized into public and private measuresn@unic welfare analysis is useful to
evaluate the efficiency of these types of adaptatieeasures. In Chapter 2, for example,
infrastructure adjustment, which is a public adaptameasure, and barge-size choice, which
is a private measure, are both evaluated withirséimee welfare economic analysis.

Another aspect that is stressed in this dissentaiadhe influence of imbalances in
transport flows between regions on adaptation imatk change. In freight transport,
imbalance in goods flows between regions is a contlynobserved phenomenon, known as
the backhaul problem. Imbalances in demand forspart between regions result in

differences in freight prices between regions. égions where demand for transport is
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higher, freight prices will also be higher. Climateange is expected to increase the costs of
transport, and the direction-dependent freightgsriwill change accordingly. This will imply
different impacts or costs for different regions amuntries. Measures, like infrastructure
adjustments, that require joint investment willrtiggve benefits that differ by countries. This
means that it is important to study imbalance thiae a fair split of costs according to
benefits in this type of adaptation.

The remainder of this conclusion proceeds as falow Section 5.2, we summarize
the results and provide the answers on the resgaestions. In Section 5.3 we formulate the
implications for adaptation to climate change irs teector. We end the dissertation with

Section 5.4, where recommendations for follow-lgeegch are made.

5.2 Results and answers to the research questions

This dissertation addressed the following two redeguestions:

1. What is the optimal barge-size adjustment for baygerators to cope with climate
change, and what are the implications of climatange for investments in inland

waterway infrastructure by the public sector?

2. What is the impact of climate change on freightesiin the inland navigation market

in the presence of direction dependent freight ian@es?

In order to address the first research questio@hapter 2 we formulated a theoretical model
which described the low water-level uncertaintythie inland navigation market. With this
model we are able to derive the optimal barge sigegan example of private adaptation, and
the optimal investment in infrastructure, as anngxa of public adaptation. Given certain
simplifying assumptions, we derived the optimalgeasize analytically. An increase in the
convexity of cost functions, the concavity of thepacity function, and the probabilities of
low water levels is then shown to imply the chdimesmaller barges.

In the current market however, it is shown by meafnsumerical analysis that there
are incentives to almost double the current baimge $his suggests that the current market is
not in its steady state, which could be explained ly long lifetime of barges that are

currently in use. Thus, climate change does notigeoa reason to stop the current trend
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towards larger barges. However, if we assume ti@atairge size is optimal before climate
change, the model predicts that there will be ghsliendency to decrease the barge size
when climate change occurs. The latter resulttigeraintuitive. Due to climate change, low-
water levels, and consequently lower capacitie,ogcur more often. Barge operators then
respond by reducing a part of the capacity whialsid less often.

The government may also take public adaptation oreaso decrease the potential
harm caused by climate change. In this study weehfbcused on investments in
infrastructure, such as dredging, and found a lteoest ratio higher than 1 (before and after
climate changes). Thus, this suggests that welfardd increase if the government increases
investments in infrastructure.

When studying the ‘net’ effect of climate changdiieih means that we assume that
barge-size choice and the investment in infrastrects optimal before climate change, we
observe that the barge sizes may decrease sligiiiyn only barge-size adjustments are
considered. However, the increases in infrastrecimvestments are still considerable. This
would mean that, after climate change, public aatagpt may be a more important instrument
than private adaptation when the situation is ogtipefore climate change. Combined barge-
size adjustment and infrastructure investment gieldyain in expected welfare that is more
than the sum of the gain in expected welfare wientivo measures are taken separately.
This ‘super-additivity’-property can be attributéal the opportunity for barge operators to
hold even larger barges in the new environment a/t@w water is less harmful for their
capacities. However, for the situation after climahange, when starting from an optimized
situation, super-additivity no longer holds.

A sensitivity analysis with respect to the elasyicf the demand and the cost function
of infrastructure investment shows that the optilmaige-size choice is rather invariant and
remains at the double of the current representasize. The amount to invest in
infrastructure, however, rather depends on thel lef’ghe cost of investment and of the
elasticity of the demand function.

The central theme in Chapters 3 and 4 was the imgfacimate change on freight
prices under imbalance. This addressed the se@swanch question. Chapter 3 followed a
theoretical approach to answer this question. Achiaty model was applied innovatively to
the traditional ‘backhaul’ literature, which is thiassical term for the literature of imbalances
in transport demand. This added the aspect of ifegemformation to the search process.
Imperfect information was shown to explain the #tse of positive backhaul prices in the

presence of imbalanced flows, which have been tegdo be zero in the classical literature.
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In a two-location transport model, two types of ieqrium were distinguished: the
balanced equilibrium, where carriers have a loattofaof 1 in both directions and, the
imbalanced equilibrium, where the load factor frma low demand region is zero for a part
of the carriers. For a wide range of numerical pet@rs the resulting equilibrium was
imbalanced, which is also the more interesting froen an empirical perspective. In the
imbalanced equilibrium, the round trip transporstcis fully borne by the customers in the
high demand location. However, positive backhaidgs result due to carriers’ compensation
for expected search time.

A numerical example was presented where the chpasmeter set was taken such
that certain segments of the inland navigation etabetween the Netherland and Germany
are represented. Furthermore, we studied, numigrithé effect of reduction in travel speed
due to extreme water levels, e.g. as a result imhaté change, leading to higher trip
durations. The high demand flow in this marketis iow from the Netherlands to Germany.
German customers importing goods from the Nethddamere shown to predominantly pay
for the increased costs of transport, whereas titelDcustomers (demanding transport from
Germany) will hardly pay for the increase in codisis strongly suggests that Germany will
benefit relatively more from investments in infrasture in order to prevent delays in
transport.

In order to generalize the result in the above edtamvhere a region with high
demand for transport is relatively worse off undénate change, the following intuition was
given. In the imbalanced equilibrium, (which is mgiausible empirically than the balanced
case), all costs associated with navigating, whiefiiie or empty, are carried by the region
with high demand for transport (for example, Gergatf the costs of transport increase
because of climate change, these costs will, ag &nthe equilibrium remains imbalanced,
again be carried by the region with high demandtfansport (German regions). Regions
with a high demand for transport will therefore biinrelatively more from measures that
reduce the effects of climate change.

Chapter 4 provided an empirical estimation of tfikeats of low water levels on
freight prices under the presence of imbalanceortter to do this, we used a data set for
barge operators in the inland navigation markeNaorth-Western Europe, which consists
mainly of trips with the Netherlands and Germanyasgins and destinations. About 50 per
cent of all physical trade between these counisiémnsported by inland navigation.

Ouir first finding is that regional imbalances playmuch more prominent role than

route imbalances in the determination of freighttgs in the market studied. Our main
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finding is that a 1 standard deviation increasé¢him ratio of the export and import cargo
flows in the region of origin increases the pricg inland waterway transport from this
region by about 7 per cent. For a series of seitgitinalyses this effect seemed robust.
Some regions in the studied inland navigation mamkay be typified as ‘exporting’
regions as more trips with cargo depart than arnte this region. These are mainly the
regions along the North Sea coast, including tre marts of Amsterdam, Rotterdam and
Antwerp. Most bulk cargo enters Europe via thesesploy maritime transport, and is then
transported further to the hinterland making usentifnd waterway transport. ‘Importing’
regions are typified similarly. The regions areatsd in the hinterland, and do not export
bulk goods on a large scale, as they tend to expartufactured goods and services to the
seaport regions. This causes an imbalance in thsigaitransport flows between seaports
and hinterland, and therefore the number of inlaaterway transport trips with cargo. This
results in higher freight prices per tonne from sle@aports to their hinterland. This is in line
with the findings of Chapter 3, when seaports aken as the region with high demand for

transport.

5.3 Policy implications for adaptation strategies

Our analysis yields conclusions on both private pmlic adaptation to climate change. We
conclude that both types of adaptation may be usefaope with climate change, and that
combinations of both types of adaptation may leadélfare-improving outcomes.

We used barge-size adjustment as an example @teradaptation, and found that in
the market there is an incentive to considerabtyeiase the current barge size, both before
and after climate change. As these incentives tapag there seems to be a less important
role for the public sector regarding this adaptattrategy.

As an example of public adaptation we used investsi@ infrastructure investment.
The analysis of investment in infrastructure had dgpects. First, the optimal level to invest
in infrastructure was determined. Secondly, antgcaspect was studied. A fair basis was
formulated to divide costs between countries foernmational infrastructure projects. While
our model could be used for any type of infrasuetinvestment, including dredging,
canalizing, or reservoir building, the focus in thesented example was on dredging. For

values of the input parameters that are chosee to line with reality, our calculations show
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that the benefit-cost ratio for investments suctrasiging is likely to be higher than 1, and is
therefore beneficial for society.

The equity aspect is addressed by the observatiaf) in perfectly competitive
markets, those regions with the highest reductiorfseight price benefit most in terms of
welfare. As the main determinant of difference lieight prices between regions we used
imbalances in the demand for transport betweeronsgiAs is intuitive, freight prices are
higher in regions with a high demand for transport.

The results indicate that, as a result of climdtange, customers who are located in
regions that attract large transport flows will expnce an increase in transport cost when
compared with customers located in regions attrgctow transport flows demand for
transport. This would mean that in an internatiooahtext different regions or countries
would benefit differently from investments suchtlasse for infrastructure. More specifically,
customers located in regions with high demand fandport will be saved from relatively
greater losses due to climate change if investmentsfrastructure are made. In an
international context, a fair split of the costs ioivestments should take account of
imbalances in demand for transport between regibasness would imply that the larger

share of the costs should go to the countries gh demand for transport.

5.4 Recommendations for follow-up research

We start our recommendations for follow-up reseawith suggestions for possible
improvements of the research in this dissertafidns is followed by recommendations for
follow-up research for a broader range of topics.

In Chapter 2 we performed a welfare analysis tduata the choice of barge size and
the amount to invest in infrastructure. The nunarexample concentrated on investments in
the form of dredging. While this was sufficient four purposes in order to formulate the
model, for different policy advice purposes new weuical examples could be given for
investments in canalizing or in the building of @esirs. The efficiency of the strategies
could then be compared. If necessary for more gegoolicy advice, more realism could be
added to the model used to improve predictions tabebaviour and adaptation strategies in
this market. While relaxing any of the simplifiaats in the theoretical setting would lead to
more realism, here we mention just a few. For exampore realism could be added to the

water-level probability distribution. This wouldflect capacities in more detail and also
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would make inference about risks more realistice @ddition of a future market would also
lead to a closer reflection of reality. Also otlaspects of the contractual agreements between
barge operators and their customers could be added.

In Chapter 3 too, more realism could be addedtimomodel in order to report more
precisely on the policy measures that governmee&xiio undertake. More realism could
take the form of more realistic production proces®y customers or be achieved by
introducing the possibility for barge operatorssearch or be searched while navigating. A
possibly useful extension might be to integraterttoelels of Chapter 2 and 3, and report the
optimal amount to invest in infrastructure in cdiafis of imbalance, and the fair division
between two or more cooperating countries in agrinational context.

In Chapter 4 the interaction effect of climate apamand imbalance on freight prices
could be studied. Another extension could be alcloecthe transferability of the results, by

using data from different time periods and différeountries.

Recommendations for follow-up research on ‘diffé¢reéapics can be categorized into the
modelling of high water levels, on the one handj #ime evaluation of other adaptation
strategies against climate change, on the other fddus in this dissertation has been on low
water levels. Low water levels reduce capacitiesilevhigh water levels imply navigation
halts. In the current climate setting navigatioopsthardly occur (at most on a few days per
year). In future climate settings, however, highexdevels could play a more significant role
in this market. The inclusion of high water levelsy lead to quite different results since
barge operators are likely to become temporarigvaiiable on the transport market, and no
revenue is generated. Further, welfare analysed$dcbe done to evaluate adaptation
strategies, possibly in the presence of imbalance.

More research could be done to evaluate other atiaptstrategies. Other adaptations
can be categorized into adaptation by barge opwsraind adaptation by customers. In
Chapter 2, barge-size choice was evaluated asaptaibn strategy for barge operators,. The
choice of barge size can be seen as a part of coonplete ‘fleet-management’-strategies.
Adaptation strategies within this fleet-managemesaly be new barge design to increase
capacities and choice of fleet composition, whiokild mean the use of barges of different
size and design.

Besides barge operators, the position of custowfelbsrge operators is also affected
by climate change. The behaviour of the customes imgplicitly present in the demand

functions, but has been rather underexposed indibgertation. For example, customers are
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affected by climate change through increases infrisight price, and the availability and
reliability of transport. A more explicit modellingf customers may lead to new insights into
their adaptation behaviour to climate change. tieoto do this, an assessment of the current
situation of the customer could be made. The wtilinction of customers representing their
preference for the different aspects of transpathsas costs and uncertainty could be
obtained by a stated preference research studgr Aftorporating the influence of climate
change into such a utility function, adaptatioratggies for customers could be evaluated.
Change in stock-keeping behaviour and the posséteation of customers to areas which
depend less on inland navigation could be studiatial-shift was studied by Jonkeren et al.
(2009).

An adaptation strategy that concerns both bargeatgs and customers would
consist of changes in the terms of agreementgdasport. These terms include agreements
on financial compensation and degrees of transpigation under extreme low and high
water-levels. In addition, the analysis of futumniracts might lead to different results. For
example, in the future market in the Rhine areegdaperators receive a price surcharge per
tonne if there are low water levels as a compemsdtr their decrease in capacity. The
adaptation of such a contract to climate changddcowake the market more attractive for

barge operators, and have welfare-improving effects
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NEDERLANDSE SAMENVATTING (SUMMARY IN DUTCH)

ECONOMISCHE MODELLEN VOOR DE BINNENVAART IN DE
CONTEXT VAN KLIMAATVERANDERING

Samenvatting en onderzoeksresultaten

In de toekomst zal naar verwachting klimaatveraindediverse aspecten van het leven
beinvioeden. Naast een toename in natuurrampers zmadrstromingen, droogtes, en
orkanen, zal ook het economische leven structure#lvioed worden. Klimaatverandering
wordt veelal geassocieerd met een toename in kestemzekerheid. Transport, landbouw en
toerisme worden vaak genoemd als sectoren dietdicer het klimaat worden beinvioed. In
dit proefschrift staat de invloed van het klimaat leet vrachtvervoer met de binnenvaart
centraal. Naar verwachting zullen er door klimaewdering in het Rijnstroomgebied meer
extreme en schommelende waterstanden voorkomeredaxtlage waterstanden impliceren
capaciteitsreducties van schepen, en extreem hagerstanden kunnen stremming van de
binnenvaart betekenen. Zowel capaciteitsreductlsssaemmingen van de binnenvaart
betekenen een toename van kosten en het optredemeleaartsverliezen.

Maatregelen in verband met klimaatverandering kanrexdeeld worden in mitigatie
en adaptatie maatregelen. Mitigatie houdt verbastl lmet voorkomen of verzachten van de
verandering in het klimaat. Transport, gezien alvwiler, komt in de klimaat discussie vaak
voor als het gaat om mitigatie d.m.v. reductiederuitstoot van broeikasgassen. Adaptatie in
de context van klimaatverandering betekent het @ssgm van de diverse economische
actoren aan de nieuwe omgeving na klimaatveranglehindit proefschrift ligt de focus op
adaptatiestrategieén voor de binnenvaartsector.ptAtia maatregelen (of strategieén)
kunnen gecategoriseerd worden in publieke en m@ivataatregelen. Economische
welvaartsanalyse is een manier om de efficiéntie da diverse adaptatie maatregelen te
evalueren. In hoofdstuk 2, bijvoorbeeld, worden ebimvesteringen in infrastructuur — een
publieke maatregel — als keuze van scheepsgrooten—private maatregel — geévalueerd
binnen dezelfde welvaartanalyse.

Een ander aspect waar de nadruk op ligt in ditfpobeift, is de invloed van onbalans
in vervoersstromen tussen regio’s op de adaptaticklmaatverandering. In vrachtvervoer is

onbalans in goederenstromen tussen regio’s eengedserveerd fenomeen (dit wordt in de
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literatuur het backhaul-probleem genoemd). Onbalangle vraag naar transport tussen
regio’s heeft verschillen in vrachtprijzen (voaarsport in tegengestelde richting) als gevolg.
In regio’s waar de vraag naar transport hoger liezwok de vrachtprijzen hoger zijn. Naar
verwachting zullen door klimaatverandering de verskosten alsmede de vrachtprijzen,
welke richtings-afhankelijk zijn, stijgen. Dit zalerschillen in transportkosten met zich
meebrengen voor transport tussen verschillende’segif landen. Bij maatregelen, zoals
aanpassingen in infrastructuur, die gezamenlijkesteringen met zich mee brengen, zullen
verschillende landen dan verschillende baten hebbénbetekent dat het bestuderen van
onbalans in vervoersstromen belangrijk is om toteerlijke verdeling van adaptatiekosten te
komen.

In hoofdstuk 2 is een theoretisch model geformulemn de onzekerheid voor laag
water in de binnenvaartmarkt te beschrijven. Metrdbdel is de optimale scheepsgrootte, als
voorbeeld van private adaptatie, en de optimalestering in infrastructuur, als voorbeeld
van publieke adaptatie vastgesteld. Gegeven eetalasronderstellingen, is de optimale
scheepsgrootte analytisch afgeleid. Er is aangdtdaheen toename in de convexiteit van de
kostenfuncties, de concaviteit van de capaciteitdfas en de kansen op laag water leidt tot
een keuze van kleinere schepen.

Door middel van een numerieke analyse is aangetdabcer in de huidige markt
prikkels zijn om de huidige scheepsgrootte vrijwelverdubbelen. Dit suggereert dat de
huidige markt niet in zijn lange termijn evenwickdrkeert, hetgeen verklaard zou kunnen
worden door de lange levensduur van de huidige epwmartschepen. Ook bij
klimaatverandering is er geen reden om de trend steeds grotere schepen te keren.
Alhoewel, wanneer klimaatverandering wordt bekekeanuit een situatie waarin de
scheepsgrootte is geoptimaliseerd alvorens klineaahdering optreedt, het model een lichte
tendens om de scheepsgrootte te verkleinen voorspgl het optreden van
klimaatverandering. Dit resultaat is vrij intuitieDoor klimaatverandering en lage
waterstanden zullen capaciteitsbeperkingen vakéredgn. Om ‘overtollige’ capaciteit te
vermijden zullen binnenvaartschippers dan kiezeor \kbeinere schepen. De overheid zou
publieke adaptatie maatregelen kunnen nemen omlijkegechade door klimaatverandering
te beperken. In deze studie lag de focus op integen in infrastructuur, zoals baggeren, en
werd een baten-kosten verhouding gevonden die rgmeés dan €én (zowel voor als na
klimaatverandering). Dit betekent dat investeringerinfrastructuur door de overheid een

welvaartstoenemend effect hebben.
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Indien we geinteresseerd zijn in een ‘netto’-effemt klimaatverandering, waarmee
we bedoelen dat de keuze van de scheepsgroottee ehoeveelheid geinvesteerd in
infrastructuur optimaal gekozen zijn alvorens klataerandering optreedt, nemen we waar
dat de scheepsgrootte enigszins afneemt wanneenaknpassingen in de scheepsgrootte in
beschouwing worden genomen. De investeringen irastiuctuur daarentegen nemen nog
steeds aanzienlijk toe. Dit zou betekenen dat maadtverandering publieke adaptatie
belangrijker wordt als instrument dan private adbpt wanneer de situatie voor
klimaatverandering optimaal is.

Het combineren van aanpassingen in de scheepsgraoit investeringen in
infrastructuur leveren een toename in de verwaslelgaart die hoger is dan de som van de
toenames wanneer deze bij de maatregelen afzgkdedrden getroffen. Deze eigenschap
waarbij geldt dat ‘de-som-is-meer-dan-de-delen’ i@@geschreven worden aan de kans die
binnenvaartschippers krijgen om nog grotere schepegebruiken na de aanpassing in de
infrastructuur. Overigens gaat deze eigenschapnméstr op als er wordt gestart vanuit een
geoptimaliseerde situatie voor de klimaatverangerin

Een gevoeligheidsanalyse voor de elasticiteit varvihag naar vervoer en voor de
investeringskosten van infrastructuur laat zienddabptimale keuze voor de scheepsgrootte
vrijwel onveranderd blijft, namelijk een verdublygjivan het huidige representatieve schip.
De optimale investering in infrastructuur daarestegolijkt nogal af te hangen van de keuze
van de parameters in de investeringskosten enadefunctie.

Het centrale thema in de hoofdstukken 3 en 4 imdeed van klimaatverandering op
vrachtprijzen onder onbalans in goederenstromenhdaofdstuk 3, dat een theoretische
benadering heeft, is op een innovatieve wijze eestching model toegepast op de
traditionele ‘backhaul’ literatuur, hetgeen de klake benaming is voor de literatuur over
onbalans in de vraag naar vervoer. Ons model Josghspect van imperfecte informatie toe
aan het zoekproces. Imperfecte informatie kan p&eden van positieve backhaul prijzen
verklaren bij ongebalanceerde vervoersstromen, evgidijk aan nul zijn in de klassieke
literatuur.

In een transport model met twee locaties kan eeerscheid gemaakt worden tussen
twee typen evenwichten: het gebalanceerde evenwishirbij vervoerders een
beladingsgraad van één hebben in beide richtingenhet ongebalanceerde evenwicht
waarbij de beladingsgraad vanuit de regio met lagag naar transport nul is voor sommige
vervoerders. Voor een brede set van inputwaardenhds resulterende evenwicht

ongebalanceerd, welke ook vanuit empirisch oogphett meest interessant is. In het
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ongebalanceerde evenwicht worden de vervoerskest@neen retourtrip gedragen door de
verladers in de regio met hoge vraag naar transpoah zijn de vrachtprijzen in de richting

vanuit de regio met lage vraag positief vanwegeatapensatie die vervoerders krijgen voor
het wachten.

Er is een numeriek voorbeeld gepresenteerd, wadglpjarameter set representatief is
gekozen voor bepaalde segmenten van de binnenaétttnssen Nederland en Duitsland.
Ook is een afname in vaarsnelheid als gevolg vae laaterstanden door bijvoorbeeld
klimaatverandering bestudeerd. In dit voorbeelddes richting vanuit Nederland naar
Duitsland de richting met de hoge vraag naar vearvie is aangetoond dat het met name
Duitse verladers zijn (die goederen importeerdenNederland) die betalen voor de toename
in vervoerskosten. Voor de Nederlandse verladezsvidi Duitsland importeerden stegen de
vervoerskosten nauwelijks. Dit suggereert dat Voddaitsland baat zal hebben van
adaptatiemaatregelen zoals investeringen in imtretstur.

Voor het generaliseren van dit laatste resultaariipregio’s met een hoge vraag
naar transport relatief slechter af zijn door klahaerandering kan de volgende intuitie
worden gegeven. In het ongebalanceerde evenwiahgrdpirisch meer plausibel is dan het
gebalanceerde evenwicht, worden alle kosten (van-hen terugreizen) die kunnen worden
toegeschreven aan het varen, hetzij beladen hatbigladen, gedragen door verladers uit
regio’'s met een hoge vraag haar transport (bijveeikb Duitsland). Als door
klimaatverandering de vaarkosten stijgen zal, aZpla@t evenwicht ongebalanceerd blijft, de
toename ook in de nieuwe situatie gedragen word®mr degio’'s met hoge vraag naar
transport (Duitse regio’s). Regio’s met een hogeaygrnaar transport hebben er dus relatief
meer baat bij maatregelen om de effecten van klveaandering te verminderen.

In hoofdstuk 4 is een empirische schatting uitgedo@an de effecten van laag water
op vrachtprijzen gegeven onbalans. Hiertoe is eatasdt van Noord-West Europese
binnenvaarders gebruikt, dat met name bestondripg tnet Nederland en Duitsland als
begin- en eindpunten. Ongeveer 50 procent vanfydleke handel tussen deze twee landen
gebeurt via vervoer met de binnenvaart.

Het resultaat is dat onbalans, wanneer het wondate¢gen op regio niveau, een veel
grotere rol speelt bij het bepalen van vrachtpnijdan wanneer het wordt gemeten op route
niveau. Het voornaamste resultaat is dat een toenzem één standaarddeviatie in de
verhouding tussen de export en import stroom vanhsekomstregio leidt tot een toename
van 7 procent in de vrachtprijs vanuit deze re@i.effect is robuust voor een reeks van

gevoeligheidsanalyses.
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Sommige regio’s in de bestudeerde binnenvaartniankhen getypeerd worden als
‘exporterende’ regio’'s omdat er meer uitgaandestd@an binnenkomende trips voor deze
regio’s zijn. Dit zijn met name de regio’s langsMeordzee kust, met 0.a. de zeehavens van
Amsterdam, Rotterdam en Antwerpen. De meeste batkgen komen Europa binnen via
deze havens per zeeschip en worden naar het actieviervoerd met de binnenvaart.
‘Importerende’ regio’s worden op een vergelijkbananier getypeerd. De regio’s liggen in
het achterland, en hun export richting de zeehakestat minder uit bulkgoederen en meer
uit gefabriceerde goederen. Dit is de oorzaak deoonbalans in de fysieke goederenstroom
tussen de zeehavens en het achterland, wat zichibimkhet aantal beladen trips tussen deze
regio’s. Dit heeft hogere vrachtprijzen voor tripgnuit zeehavens naar het achterland als

gevolg, en ligt op een lijn met de theorie zoajgdurbeeld gepresenteerd in hoofdstuk 3.

Beleidsimplicaties voor adaptatie

Onze analyse leidt tot conclusies over zowel pevatls publieke adaptatie aan
klimaatverandering. We concluderen dat beide tyg#aptatie levensvatbaar kunnen zijn om
de nadelige effecten van klimaatverandering te irederen, en dat een combinatie van beide
typen adaptatiemaatregelen kan leiden tot welvapiotengsten die hoger zijn dan de som
van beide maatregelen afzonderlijk.

We hebben aanpassingen in de scheepsgrootte alseetd van private adaptatie
genomen, en gevonden dat er in de huidige marktpeikkel is om de scheepsgrootte
aanzienlijk te vergroten, zowel voor als na hetexitn van klimaatverandering. Omdat deze
prikkel zo groot is, lijkt er een minder grote nokggelegd voor de overheid m.b.t. deze
adaptatie strategie.

Als een voorbeeld van publieke adaptatie hebbennwesteringen in infrastructuur
gebruikt. De analyse van investeringen in infragtrur heeft twee aspecten. Het eerste
aspect is de optimale investering in infrastructidet twee tweede is het verdelingsaspect
van investeringskosten. Er is een basis geformdileeor het verdelen van kosten tussen
landen bij internationale investeringsprojecten.t ldepresenteerde voorbeeld ging over
baggeren, alhoewel ons model gebruikt zou kunnendevo bij elk type infrastructuur
investering zoals kanaliseren en de bouw van stuWeor realistische inputwaarden werd
een baten-kosten ratio groter dan één gevonden baggeren. Hiermee zou dit een

maatregel zijn waar de samenleving baat bij hesfuit welvaartsoogpunt.
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Het verdelingsaspect wordt beantwoord vanuit deemlagie dat in perfect
concurrende markten regio’'s met de hoogste redirctreachtprijzen de meeste baat hebben
in termen van welvaart. In onze analyse is onbalame vraag naar transport tussen regio’s
gebruikt als de belangrijkste verklarende facton waerschillen in vrachtprijzen tussen
regio’s. Zoals intuitief is, zijn vrachtprijzen hegvoor regio’s met een hoge vraag naar
vervoer.

De resultaten laten zien dat verladers die liggemegio’s waarnaartoe veel wordt
vervoerd, relatief een grotere toename in vervamtgn ondervinden door
klimaatverandering dan regio’s waarnaartoe minderdtvvervoerd. Dit zou betekenen dat
verschillende regio’'s of landen verschillende bateebben bij investeringen in een
internationale context, zoals bijvoorbeeld bij a#tructuur investeringen. Preciezer
geformuleerd, verladers met een grote vraag naasport zullen dankzij investeringen in
infrastructuur meer besparen op vervoerskostenoveaakt door klimaatverandering. Een
eerlijke verdeling van investeringskosten in ederimationale context zou rekening moeten
houden met de onbalans in de vraag naar vervosenu®gio’'s. Een groter aandeel in de

kosten zou moeten gaan naar landen met een groterg naar vervoer.

Aanbevelingen voor vervolgonderzoek

We beginnen de aanbevelingen voor vervolgondernoetkmogelijke verbeterpunten op het
onderzoek in dit proefschrift. Daarna worden debaaglingen voor vervolgonderzoek over
‘nieuwere’ onderwerpen opgenoemd.

In hoofdstuk 2 is een welvaartsanalyse uitgevoendde keuze van scheepsgrootte en
investeringen in infrastructuur te evalueren. Ite@Bsgen in het baggeren is gebruikt als
numeriek voorbeeld. Hoewel voldoende voor onze apdén, zou voor andere
beleidsstudies gekeken kunnen worden naar andemeriske voorbeelden zoals
investeringen in kanalisering en het bouwen varwetu De efficiéntie van de diverse
investeringsmaatregelen kan dan vergeleken woideiien noodzakelijk, kan bij preciezer
beleidsonderzoek, het gebruikte model realistischggmaakt worden, waarmee
voorspellingen over kosten en gedrag betrouwbaardeden worden. We noemen hier
enkele simplificerende aannamen in het model dimdlere specificatie kunnen leiden tot
meer realisme. De kansverdeling van de waterstazdenrealistischer gemaakt kunnen

worden. Dit zou capaciteiten en risico’s voor binveartschippers in meer detail weergeven.
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Een toevoeging van een termijnmarkt kan ook eererbebenadering zijn van de
werkelijkheid. Ook andere aspecten van contraateeein verladers en vervoerders zouden
kunnen worden toegevoegd.

Ook in hoofdstuk 3, zou het gebruikte model relister gemaakt kunnen worden,
om preciezere beleidsuitspraken mogelijk te makieleer realisme kan bijvoorbeeld
toegevoegd worden aan het productieproces of doeken tijdens het varen mogelijk te
maken. Een mogelijke extensie kan liggen in degraige van hoofdstuk 2 en 3, waarbij de
optimale investering in infrastructuur gegeven daba bepaald zou kunnen worden en
tevens een eerlijke verdeling van de kosten tuseme samenwerkende landen in een
internationale context.

Aan de analyse in hoofdstuk 4 zou het interactieeefvan lage waterstanden en
onbalans kunnen worden toegevoegd. Een andere sexteou een check voor de
generaliseerbaarheid van de resultaten zijn dota tagebruiken van andere periodes en

andere landen.

De aanbevelingen die we doen voor vervolgonderapekiieuwere’ onderwerpen bestaan
uit onderzoek naar de effecten van hoogwater gdeyzen de evaluatie van andere
adaptatiestrategieén anderzijds. De focus lagtiprdiefschrift op lage waterstanden. Lage
waterstanden verlagen capaciteiten, terwijl hogeterstanden de stremming van de
binnenvaart uit veiligheidsoverwegingen als gevdignnen hebben. In de huidige
klimaatomstandigheden gebeurt het stopzetten vabim®envaart zelden (hooguit enkele
dagen per jaar). In toekomstige klimaatscenario&garentegen kan hoog water een
belangrijkere rol gaan spelen. De hoogwaterprobiietaas van een heel andere orde dan de
laagwaterproblematiek omdat vervoer met de binnamwdan tijdelijk onmogelijk wordt en
er mogelijk geen inkomsten voor binnenvaartschipagn. Op een soortgelijke wijze als in
dit proefschrift zouden welvaartanalyses uitgevoekinnen worden om de
adaptatiestrategieén te evalueren, mogelijk dobalams aan te nemen.

Er zou vervolgens ook nader onderzoek gedaan kumnwwmerden naar andere
adaptatiestrategieén. Deze adaptatiestrategieémekuworden gecategoriseerd in adaptatie
door binnenvaartschippers en door verladers. Infdsbak 2, is de keuze van de
scheepsgrootte geévalueerd als een adaptatiegratmgy binnenvaartschippers. De keuze
van de scheepsgrootte kan beschouwd worden al;sgament binnen een set van vloot-
management strategieén. Vloot-management strategieéden kunnen bestaan uit het

aanpassen van scheepsontwerpen om capaciteiterert®gen, en de keuze van de
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vlootsamenstelling, wat het gebruik kan betekersam achepen van verschillende grootte en
ontwerp. Ook kunnen binnen deze beslissingen hetetgoeren goederensoort van de
schepen als binnenvaartschepen worden toegevogegdapbtatiestrategie.

Niet alleen de positie van de binnenvaartschippaear ook de positie van verladers
zal worden beinvloed door klimaatverandering. Hedrgg van de verlader is binnen onze
modellen impliciet in de vraagfuncties aanwezigamia verder onderbelicht gebleven in dit
proefschrift. Verladers ondervinden de effecten kimaatverandering bijvoorbeeld door
stijgende vervoerskosten, en de beschikbaarheidbetrouwbaarheid van transport. Een
explicietere modellering van verladers kan leideh iieuwe inzichten in hun adaptatie
gedrag aan klimaatverandering. Hiertoe zou eersbederzoek gedaan kunnen worden naar
het huidige gedrag van verladers. Nutsfuncties weemladers die hun voorkeuren
representeren voor verschillende aspecten vanpiwanzoals kosten en onzekerheid, zouden
d.m.v. een stated-preference onderzoek kunnen wadaterhaald. Na de toevoeging van de
effecten van klimaatverandering aan een dergefijkisfunctie, kunnen adaptatiestrategieén
voor verladers worden geévalueerd, zoals voorrdsatiyeen verhuizing naar locaties die
minder afhankelijk zijn van de binnenvaart. Modhifts de keuze van alternatieve vormen
van vervoer, werd eerder bestudeerd door Jonkén (@009).

Een adaptatiestrategie die betrekking heeft op kwemyoerders als verladers bestaat
uit mogelijke aanpassingen in vervoerscontractezelbevatten de afspraken over financiéle
compensaties en mate van vervoersverplichtingx¥ipem lage en hoge waterstanden. Ook
de analyse van termijncontracten zou tot nieuweltaen kunnen leiden. In de termijnmarkt
van het Rijnstroomgebied krijgen binnenvaartschippéijvoorbeeld een toeslag per
vervoerde ton bij laag water als compensatie vaor &iiname in capaciteit. Een aanpassing
van een dergelijk contract aan klimaatverandering de markt aantrekkelijker kunnen

maken voor binnenvaartschippers, en tot een wektaaname kunnen leiden.
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The Tinbergen Institute is the Institute for EcomoiiResearch, which was founded in 1987
by the Faculties of Economics and Econometricshef Erasmus University Rotterdam,
University of Amsterdam and VU University Amsterdafrhe Institute is named after the
late Professor Jan Tinbergen, Dutch Nobel Prizeekte in economics in 1969. The
Tinbergen Institute is located in Amsterdam andté&dam. The following books recently
appeared in the Tinbergen Institute Research Series

Laatste xx nummers...

(page 1)



124

(page 2)



