VRIJE
UNIVERSITEIT
° AMSTERDAM

VU Research Portal

Social costs of land use claims for transport infrastructure: A survey for The
Netherlands

Bruinsma, F.R.; Koetse, M.J.J.; Rietveld, P.; Vreeker, R.

2001

document version _
Early version, also known as pre-print

Link to publication in VU Research Portal

citation for published version (APA)

Bruinsma, F. R., Koetse, M. J. J., Rietveld, P., & Vreeker, R. (2001). Social costs of land use claims for transport
infrastructure: A survey for The Netherlands. (Research Memorandum; No. 2001-33). Faculty of Economics and
Business Administration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

« Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 03. Mar. 2023


https://research.vu.nl/en/publications/bf65634f-3cd0-4a90-9733-e736739dacdc

Faculteit der Economische Wetenschappen en Econometrie

SERIE RESEARCH MEMORANDA

Social Costs of Land Use Claims for Transport Infrastructure:
A Survey for The Netherlands

Frank Bruinsma
Mark Koetse
Piet Rietveld
Ron Vreeker

Research Memorandum 2001 - 33 October 2001

vrije Universiteit amsterdam



Social Costs of Land Use Claims for Transport Infrastructure:
A Survey for The Netherlands

Frank Bruinsma
Mark Koetse
Piet Rietveld
Ron Vreeker

Department of Spatial Economics
Vrije Universiteit

De Boeldlaan /1105

1081 HV Amsterdam

The Netherlands

Phone: +317-20-4446096

Fax: +31-20-4446004

Email: fbruinsma@econ.vu.nl

Abstract:

In this paper the social costs of land use claims for transport infrastructure are
investigated for The Netherlands. In the present study we pay attention to the
acquisition costs of land for infrastructure, the indirect costs of land use caused by

infrastructure and the costs of infrastructure as barriersin - and the fragmentation of -

the landscape.

The paper gives an overview of the problems associated with measuring the land
related costs of transport infrastructure. Estimates are given of the land use claims (in

m’) for various types of transport infrastructure. In addition some of the land related

cost categories are estimated. These costs are allocated to the various transport modes

(cars and trucks of various types, barges, rail, aircraft).

We find that direct and indirect land use equals respectively 7.2% and 1.6% of the total

area of The Netherlands. Indirect land use is especially important for aviation.

The importance of indirect land use is shown by the value of land involved. The
economic valuation of the indirect land use is about 16% of the total land related costs

of transport infrastructure.



1 INTRODUCTION

There are severd reasons why the costs of trangport are high on the political agenda in
many countries (see for example Greene et d., 1997)). One reason concerns the issue of
extemd costs and ways of intemaisng these into the prices pad by travelers and
firms to induce socidly optima travel behaviour. Ignoring these extema costs would
leed to an over-exploitation of environmental resources. On the other hand, if prices
charged would be too high this would lead to welfare losses because levels of transport
activities would become too low. In this goproach efficiency condderations play a
central role; the basic rule is that travellers should be charged the marginal costs.

In addition to this issue of efficiency, also issues of fairness often play a subgtantia
role. One dimengion of faimess is that users of trangport infrastructure pay according to

the total costs they impose on society (see for example Delucchi, 1997). This leads to

an approach where average costs play a central role. However, famess can also be
interpreted in other ways. For example, that subsidies to public trangport are justified
when it leads to trandfers towards citizens who cahnot afford the purchase of a car.

Ancther dimenson of famess is that different infragtructure types are treated in a
amilar way. For example, it would be unfair when road users would have to pay for the

use of roads wheress rail users would not be charged for their use of infrastructure. It is

obvious thet efficiency and famess may be conflicting objectives, and that also the

various famess concepts mentioned here may be in conflict.

In this paper we will focus on one particular aspect of transport codts, i.e. the direct and
indirect costs of land use related to transport. The reason is that little systematic
atention has been pad to the land use cods of trangport activities. Especidly in
densdly populated countries such as the Netherlands the issue of scarcity of land and
the negative spatid spill-overs of transport activities are important.

We gart with some definitions. The social costs of transport are all costs of mobility
summed up. It concerns intema codts, extema costs and govemment expenditures. In
principal, the intema costs are not teken into account in this study since the market
mechanism charges these codts to the different originators. In order to map out the
social cogts of infragtructure, it is however necessary to first give an overview of all
costs conceming transport. Below, an overview of three digtinguished types of social
codts is given.



1. Internal costs

These costs are all private expenditures on transport, apart fi-om transport taxes. All
costs that households and firms make for trangport are included, namely:

+ Depreciation and maintenance of vehicles, ships and arplanes,

e Insurance

o Fud codts, train tickets and freight prices.

Conceming these cods is it assumed that the market mechanism ensures a correct
pricing and market falure is asent. This is the reason why these costs are not explicitly
considered here.

2. External costs

Extemd costs are the financially appreciated negative extemd effects of transport.

Since the originator is not charged with these cods, the market fails. Due to this market

failure, the originator does not teke these cods into account when making transport

related decisons. Verhoef (1996) distinguishes three types of extemd costs of
transport. These hold for all moddities, but the price of these extema costs may differ
consderably per moddity:

o Extema cods resulting from actud transport activities and therefore belonging to
the marginal social costs. These concern congestion, traffic accidents, noise
nuisance, sink annoyance and the emissons of hazardous gasses.

o Extema codts caused by standing vehicles.

« Extemal costs related to the existence of infrastructure: barrier effects,
fragmentation of landscgpe and visud nuisance.

3. Government expenditures

The govemment expenditures on mohility are included in the extema cods as long as

the user does not take these into account in its mobility decison. Only if the

government charges the user directly for the codts, these costs become intemd. These

extema cods incude

« Construction and maintenance of infrastructure, including facilities for the
environment and traffic safety, such as noise bariers, and wild life viaducts,

+ Traffic duties of police and judtice;

+ Other govemment activities (for instance license registration et cetera);

« Public transport subsidies and other transport related govemment expenditures.

In a recent study in the Netherlands, CE (1999) has produced estimates of subgtantial
parts of the social costs of transport. In the present paper we use the CE estimates as a
point of departure and discuss a number of additiond dimensons of transport costs that



are rdated to land use and that have not been included in this study. Table 1 gives an
oveview of the dements already covered and the added aspects from this sudy.
Findly, the missng components that sill exist are presented.

Table 1. Qverview of the cost comnonents

Already covered by Covered in this study | Remaning omissons
CE
Variable costs
1. Maintenance and 1. Bariers:
operationa costs - Waiting time & crossngs
2. Extemd codts - Visual barriers
+ Traffic accidents - FEtc.
- Air pollution 2. Extema codis
» Noise nuisance - Stench annoyance
Congestion - Vibration annoyance
(roads) 3. Fragmentation (nuisance and
death of fauna by the use of
infrastructure)
Fixed costs
1. Condtruction 1. Land costs 1. Bariers
costs 2. Fragmentation of « Detours
the landscape = Visual barriers
3. Indirect land use: . Etc.
- Noise nuisance 2. Extemd codts
Zones - Presence of cars in public space
- Free sght zones |- Shortage of parking lots (search
- Zones transport / walting times)
hazardous goods |- Indirect costs of emissons of
(safety contours) the production and destruction
of cars and infrastructure

Before andysing the various costs mentioned in table 1 we will first investigate in more
detail the direct and indirect land use implications of transport (section 2). In section 3
we will further cdlassfy and summarise these implications. In order to compute the
economic costs related to land use, prices per m® will be introduced for the various
cases. This will be the subject of section 4. In section 5 we will make our final
cdculations of the land relaed social cost of transport. In section 6 we formulate
conclusons and give some recommendations for further research.

2 Direct and indirect land use (claims) by transport infrastructure

2.1 Direct land use
The fdllowing infrastructure categories are included:
- Roads;



Railroads’;
Waterways;

Ports;

Airports.

An important festure of the first four infrastructure types in The Netherlands is that
they are manly treated as public goods where users do not pay according to the
infrastructure capacities they use. Airports, on the other hand, are private areas where
users pay according to the intengity of use. As will be indicated in section 2.3, this has
consequences for our anayss. We use data on 1999.

In this subsection we will only discuss the measurement and land use of road
infragructure. The results of the measurement of the land use of the other infrastructure
types will be briefly discussed in subsection 2.3.

In order to determine the land use by the road network a digtinction is made between
the following dements

« Roads within built-up areas;

» Roads outsde built-up areas;

o Paking lots

o« Gas dations,

« Savice and parking areas.

In cdculating the land use of roads within and outsde the built-up areas we used the
length of eight types of roads (fi-om highway to forest road) and their minimal design
demands®>. This means that we do not only consider the ‘paved pats of the line
infradtiructure, but also the borders at both sides. Furthermore, the number of traffic
lanes, bus lanes, and bicycle lanes ae taken into condderdtion in the cdculation.
Excluded are the land use clams by roundabouts, cloverleafs, interchanges, entrance
and exit ramps, and bus stops”.

"The land use of urban rail transport = tram and metro - is not included. It is about 3.3 km' in The
Netherlands, which makes it almost negligible.

2 For instance, the minimal desi gn demands of afour lane highway ~ two lanes ineach direction-is22.1
meters without the side and middle shoulders. The side and middle shoulders vary most in size. The
minimal design demands of the middle shoulder is 1.2 meters in case of a crash barrier, but might be 30
meters in case of an open shoulder. The same holds for the side shoulders. Here additional space might
be reserved for future extensions of the number of [anes.

The smallest roads outside the built-up area are unpaved roads with a minimal design demand of 6.5
meters.

3 Assume that the additional land use claim of roundabouts, cloverleafs, interchanges, and entrance and
exit ramps for national and provincial highways is 10%, then the direct land use of road infrastructure
increases with almost 22 km”, which is about 1.5% of the total areareported in table 3.




Within the built-up area also pavements, squares and ornamental paving are excluded.
Tables 2 and 3 show an overview of infragtructurd dements and their spatia clams,
Congdering the remarks above, the land use as presented in table 3 could be treated as

minimum  vaues

Table 2: Road infrastructure in The Netherlands (length, number), 1998

Inside built up-area

Outside built-up area

Paved roads 55,217 km. 51,648 km.
Unpaved roads 1,099 km. 10,012 km.
Bicycle paths and strips 8,425 km. 10,559 km.
Parking lots 4,861,350 Not applicable
Gas stations 2,666 1,409
Service and parking areas Not applicable 275

Table 3: Land use by road infrastructure in The Netherlands (in km?)

Inside built up-area Outside built-up area
Paved roads 356.7 682.9
Unpaved roads 3.3 65.1
Bicycle paths and strips 253 40.3
Parking lots 119.1 Not applicable
Gas stations 0.9 1.1
Service and parking areas Not applicable 15.8
Total 505.3 804.6

The total area of road infrastructure in The Netherlands adds up to 1,300 km®. Road
infrastructure covers about 3.9% of the Dutch totd land area (33,906 km?). As
mentioned above, for almost every infrasmctura element lower boundary estimates
are given. The land use by gas stations and parking space are the least solid figures in
this caculaion. Parking can take place on public parking spaces, on public roads and
on private property”®. Since financial vauation is the central issue in this study, we only
consder the first category. The second category has already been included in the
determination of the land use by the road network. Parking on private property
(premises, shopping centre, industrid sites) has already been paid for by the owners.
We edimate the land clams of parking on public parking lots congructed dongsde
public roads. These are Stuated in built-up areas and are therefore reserved for

passenger cars. The land use clam is determined by making assumptions conceming
the relation between housing and parking values since 1 970°,

* The land use for all three categories together is about 550 km’, assuming three parking places per
vehicle (in 1997 there where about 7 million motor vehicles - cars, vans, trucks, and motor cycles -
registered in The Netherlands).

5 The standard for the number of parking lots per house varies between 1 and 2 over the municipalitiesin
The Netherlands. To determine the land use of parking lots we take an average of 1.5 parking lot per
house constructed in the period 1970-2000.



2.2 Indirect land use

Indirect land use claims relate to limitations on the use of land located near
infrastructure. Three caegories ae didinguished: transport of hazardous goods
(expressed in risk contours), noise nuisance zones and free sght zones. Note that
indirect land use dams are only invedtigated if land use redrictions based on patid
planning regulations exist. For instance, zones where noise nuisance is experienced but
no building redtrictions exist by spatid planning reguletions are not taken into account.
The reason is that noise nuisance should be vaued in this case directly as an extemd
effect, and not via its impact on indirect land use.

Whereas we redtricted oursalves to roads in our discusson on the measurement of the
direct land use, we discuss the indirect land use for all transport modes.

Transport of hazardous goods

Conceming the transport of hazardous goods, the Ministry of Trangport consders two
types of risks that negatively affect land use Fird, an individud risk exigds tha is
defined as the chance that a fictive unprotected person is exposed to the hazardous good
when it escapes, explodes or inflames. Second, a group risk exists thet is defined as the
chance that more than N victims for different categories of victims arise. For both
individuals and groups risk contours are drafted for restricted land use of the consdered
area. These redrictions are most strict for houses and less strict for office buildings
with a low occupation.

Routes for hazardous goods limit land use posshilities for parts of dtes that are Stuated
adong the road network. The routes for hazardous goods on the road network are to a
large extent determined by the ddiveries of LPG via the road network. The indirect
land use clam dongsde the road network as a result from the transport of hazardous
goods for the Netherlands is 21 km? (RIVM, 1999).

In addition, there are strict requirements for LPG gas sations for receiving a license.
Technicdly, this is not a limiting measure, snce the surroundings of the gas daion are
not obliged to adjugt, but the gas dation itsaf will not receive the licence for a LPG
ingalation when it does not sisfy the requirements. In other words the costs are
intemaised by means of regulation. From this point of view, indirect land use cams
by gas dations do not exist and are therefore not consdered in this study.

The Dutch Minigtry of Transport considers the transport of hazardous goods by train to
be safe. Theefore, no limiting measures exist conceming condruction in  areas




adjoining tracks where transport of hazardous goods takes place®. However, in the
surroundings of 14 raillway yards, zones are determined where congruction of houses is
prohibited because of the increased risks resulting from the dationing and shunting of
trains that trangport hazardous goods. The indirect land use cdam by these ralway
yards is 3 km? (RIVM, 1999).

For waterways no limiting land use measures are formulated. This is not sO0 much due

to the safety of the trangport system, as to the low intendty of such transport on the
waterway network.

Conceming aviation, extema safety risk contours are determined for a number of
airports. These contours relate to the risk of an arcraft crashing. The totd indirect land
use dam within these extema safety risk contours is 50 km? for the airports Schiphol,

Maestricht, Rotterdam and Eelde, according to the RIVM (1999). However, this area is
not incduded in the financial valuaion, because the extemd safety risk contours are
within the noise nuisance zones of the conceming arports (see below). Vauing these
safety areas of arports would lead to double counting when also the noise zones would
be evauated.

Noise nuisance zones

The Wet Gduidshinder (Law on Noise nuisance) introduces the concept of ‘noise
nuisance zones dong roads’. A noise nuisance zone condsts of an area on both sides of
the road where attention must be paid to noise, that is, if houses or other functions

sendtive to noise exig in this area or are planed in this area. To asses the noise
nuisance by road traffic, the govemment determined that the tota area suffering from a
noise nuisance level of more than 50 dB(A) caused by interlocd traffic (traffic on the
main network outside built-up areas) is not alowed to increase with respect to 1986.
This area was 2,664 km? in 1986 and has increased until 1991 to 2,900 km?; after that

level it has gtabilised.

The measures as presented to stabilise/reduce the noise nuisance levels are badcdly
focused on reducing the noise production at the source:

1. Silent road surfaces (ZOAB) on the main network;

2. Mantan maximum speed limits

3. Decreasing car use

4. Incressng noise requirements for vehicles

b This means that, in the case of hazardous materials transported via rail, there are no extemal costs
related to indirect land use. However, the lack of safety zones around railway tracksmeans that there are
potential extemal costs when accidents would take place. These should in principal be taken into account
in the direct extemal effects of the transport of hazardous materials viarail.



5. If necessary: extra noise barriers.

In conclusion, dthough a large area is disturbed by noise nuisance of road traffic (2,900
km?), this will not be included in this study since this disturbance is not related to land
use restrictions’.

A similar gpproach holds for the noise nuisance of railways: policies am a limiting the
noise production a the source, without imposing restrictions to land use. The
expectation of Ralned (organisation that determines the capacity on the Dutch ralway
network) is that 0.7 billion Euro would be needed to adjust the rallway yards to the

required noise nuisance limits. In addition, Ralned expects that a least 800 kilometres
of track must be provided with noise bariers to adjust the raillway tracks to the required

noise nuisance limits (Ralned, 2000).

In The Netherlands three noise nuisance zones are defined consdering airports. the 35
Ke day zone, the Laeg-26 dB(A) night zone and the 47 BKL zone. The first two are
zones for the larger civil arplanes and are agpplied for Schiphol and Maadtricht. The
latter zone concerns smdler arplanes and is gpplied for the remaining four regiona and
smal arports used for scheduled line services and charters.

The protection zone reflects the indirect land use dam by Schiphol caused by noise
nuisance. Within this zone new houses or other functions sendtive to noise (hospitds,
schools) can not be redised. However, it is dlowed to replace exising houses within

this area. Moreover, within this area no redrictions exist for the development of
industria sites. According to Nyfer (1999) the surface of this zone is 2580 km®.

However, this figure should be decreased with the intema area of the airport to prevent

double counting. The airport area is 26.8 km®. For the remainder of the protection zone

it is possible to separate the area into ‘within built-up areal (84 km?) and ‘outside built-

up ared (223.5 km?). The net figure for the area outside the built-up area (excluding

water and nature) of the protection zone (144.7 km?) will be induded in the financial

vauation for land with limited land use posshilities outsde the built-up area

The indirect land use dam by the regiond and the smdl arports is determined by

noise nuisance contour maps, obtained via the Dutch Aviaion Authority. Only the
indirect land use clams by the arports used for scheduled line services and charters

(Maadtricht, Rotterdam, Edlde, Twente and Eindhoven) are included in the financial

" Again the extemal cost of noise should be measured here directly viatransport volumes, not viaindirect
land use. Note that the noise nuisance on peoplein dwellingsis usually taken into account but that other
aspects of nuisance hindrance such as people outside dwellings and fauna, are usually ignored in studies
of this type.




valuation®. In determining the net area of indirect land use claims outside built-up areas
for those regiond arports, the same ratio is used as gpplied for the protection zone of
Schiphol (outside built-up areas 40.2 km? and within built-up areas 3.3 km?).

Free sight zones

For waterways a free sght zone for shippers over the riverbanks has to be taken into

account in order to ensure safety of traffic. The width of the free sght zone on the

banks varies from 10 to 30 metres, depending on the type of ship that is alowed on the

waterway and the level of urbanisation of the area. Applying these guiddines - with the
excluson of farways in sees and large lakes that offer adequate sght - the indirect
land use claim by waterways (rivers and canals) is about 215.8 km®.

Note that the fordand of rivers usudly reman unbuilt due to flood risks. Thus there
might be an overestimation of the indirect land dams by waterways. The indirect land
use clam by rivers is, however, less then 20% of the total indirect land use clam by
waterways.

2.3 Overview of direct and indirect land use

The above findings on land use will be summarised and, where possible, a distinction

will be made between locations inside or outside the built-up area. The direct land use

concerns the space occupied by the physicd infrastructure in The Netherlands The

indirect land use dams are lots adjoining infrastructure with redtrictions on its use

based on spatid planning regulations. This means that zones that experience noise

nuisance, but without regulatory redrictions for land use, are not included in this study.

Also, we made sure that no double counts occur. For example, only the area of noise

nuisance zones is included in the indirect land use dams of arports and not the smaler

zones resulting from the safety contours (see section 2.2 on transport hazardous goods).

Table 4 shows an overview of the direct and indirect land use by transport

infrastructure in The Netherlands.

We assumed that:

= The direct and indirect land use by waterways and the indirect land use by roads
resulting from the transport of hazardous goods are divided according to the share
of built-up area in The Netherlands, for 10% within the built-up area and for 90%
outsde the built-up area.

- The ariva and departure flight routes and the noise nuisance zone of arports are
generdly found above the least densdly populated areas. For this reason, the share
that lies above built-up areas is set at 5% instead of 10%.

3 The indirect land use claims by all regional and smal1 airports is 9.0 and 176.7 km'’ inside and outside
the built-up areas, respectively.



- Ports and railway yards are located within the built-up area (note that built-up areas
include both resdentid and indudtria areas. We do not consider indirect land use
related to ports. For those activities where hazardous goods play a role, the indirect
land use effects are assumed to be internalised by imposing that the firms concemed
pay for the safety zones around their transhipment and storage activities.

In particular roads and waterways clam rdativdly much land, consdering direct land
use. Conceming indirect land use claims, especidly the space for free sght zones dong
waterways and the noise nuisance zones of arports lay redrictions on the land use of
lots adjoining infrastructure. It should be noted that the noise nuisance zones by roads
and ralways are rdatively large. However, govemment policies are directed towards
the prevention of noise production at the source (infrastructure, car and train); there are
no regulations redtricting land use dongsde roads and rallways. The noise nuisance by
roads and railways, however, does disturb nature (See section 4).

Table 4: Overview of direct and indirect land use by infrastructure in The Netherlands,

1999

Direct land use (km*) Indirect land use (km?)

Insde built-up | Outside built- | Insde built-up | Outside built-

area up area area up area
Road 505.3 804.6 2.1 18.9
Of which:
- Roads 360.0 748.0
- Parking lots 119.1 Not applicable
City rail 33 Not applicable | Not applicable | Not applicable
Railways 59.4 65.9 3.0 Not applicable
Waterwavs 130.2 1.172.2 15.7 200.1
Ports 59.7 Not applicable Not applicable
Airports
- Schiphol Not gpplicable 26.8 8.4 222.8
- Regional Not gpplicable 16.7 about 3.3 about 61.9
- Smdl Not applicable 5.5 about 5.7 about 114.8
Tota 757.9 2,091.7 38.2 612.8

The tota direct land use by all moddities together is, according to our caculations,
over 2,850 km?, which equals 7.2% of the totd area of The Netherlands. If we consider
the land-tied infrastructure only (waterways and ports excluded) then the land use is
almost 1,500 km?®, which equals 4.4% of the totd land area The indirect land use dlaim
is 650 km? of which almost two-third concerns noise nuisance zones by airports. The
indirect land use cam, the aea for which redricted land use regulations ae
formulated, adds almost 23% to the direct land use of infrastructure in The Netherlands.
The bottom row of table 4 shows that of tota land use, 60% relates to direct land use
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outsde the built-up area. Direct land use by infragtructure within built-up area and
indirect land use outside built-up area are both responsible for about 20 % of tota land
use by infrastructure. Only 1% of the totd land use by infrastructure relates to indirect
land use within the built-up area

3. Implications of transport related land use for the valuation of the social costs of
transport

After this andyds of the direct and indirect land use implications of transport we
continue with an andyss of the codts involved. Table 5 presents a detailed ligt of these
land use types and ther implicaiions for the issue of vauing the socid cods of
trangport. The middle column classifies the land use type in terms of ‘direct’ versus
‘indirect’ as discussed in section 2. The next column indicates whether or not the
entalling land use has been included in the clams reported in table 4. The right hand
column indicates whether or not the pertaining type of land use will be induded in the
computation of the socia cods.

Most direct land use dams have already been included in the areas reported in table 4

and will also be included in the computation of socid costs. Exceptions are;

o Parking. Parking on the public road (not on the parking lots) does not lead to
additiond land use daims dnce it is already included in the land use of roads. To
prevent double counting this is not included here. The codts for parking on private
Stes are already attributed to the landowners, since they had to buy extra space for
these parking lots. Therefore, this is not included in our research’.

« Waterways. The land use implications by waterways are not financially alocated
because the main function of waterways is water management.

« Airports. This concerns private areas for which the acquistion costs of land are pad
by the user.

Conceming indirect land use dams a number of categories can be distinguished:
indirect land use clam by routes hazardous goods, noise nuisance zones and free sight
zones. Also, segmentation and barrier effects occur due to the presence of
infrastructure.

« Routes of hazardous goods play a role in road traffic, rallway yards and arports.
Note, however, that with arports the indirect land use dam is not financaly
dlocated because this zone lies completely within the noise nuisance zone and
dlocation would lead to double counting.

? Remember that intemal costs of transport are not considered in this study (see section 1).
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Table 5. Classfication of land uses and implications for the socid costs of trangport.

Subject Cost component Direct / Land use | Included in
Indirect clam computation
induded |of  socid
in table 4 | costs
Parking Parking space Direct Yes Yes
Public road Double No No
count
Private area housng Direct No No
Private area busness Direct No No
Roads m’ road infrastructure Direct Yes Yes
Hazardous goods routes Indirect Yes Yes
Service areas Direct Yes Yes
Gas dations Direct Yes Yes
Noise nuisance zones Indirect No No
Rail m’ rall Direct Yes Yes
m’ ralway yard Direct Yes Yes
Hazardous goods (railway yard) | Indirect Yes Yes
Noise nuisance zones Indirect No No
m? city rail Direct Yes No
Waterways |m”~ minimum width waterways | Direct Yes No
Hazardous goods routes Indirect No No
Noise nuisance zones Indirect No No
m’ inland ports Direct Yes Yes
m? sea ports Direct Yes Part] y*
Building free zones Indirect Yes Yes
Airports m” airport area Direct Yes No
Routes hazardous goods Indirect Yes No
Noise nuisance zones Indirect Yes Yes
Segmenta- | Segmentation outsde built-up | Notspace |No Yes
tion area related
Barier Banier effect Not space | No No
effect related
Parked Nuisance b y parking Notspace |No INo
vehicles related
Parking Waiting time in parking Not space | No Yes
congestion related

*20% from, the area of rts is alocated to
Seapol

iland shipping for joint use

o Noise nuisance zones are only rdevant for arports for reatively large zones
limitations have been formulated conceming building possbilities. As mentioned
above, no noise nuisance zones for roads and railways exis on which limited land
use possihilities are imposed.

+ Free Sight zones only play a role in waterways. For safety reasons, part of the bank
of rivers and cands has to be free from buildings in order to ensure a good sght for
inland shipping.
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o Segmentation and barrier effects. For this caegory no land use cdam can be
determined. Segmentation is dlocated on the base of costs made in taking
mitigating measures and the remaining cods for damage. As fa as we know there
ae no adequate operational approaches for the financia vaduation and the ultimate

dlocation of costs related to barrier effects. In section 6, some recommendations
can be found.

4. The financial valuation of land use

The make for land in The Neherlands is definitdy not a pefect maket: the
government interferes heavily in order to deal with externalities and this has
implications for land values'®. The levels of the exproprition compensation vary
dightly among provinces. But other factors play a role as wdl: for example the location
of agriculturd land near urban fiinges can affect the vaue of the land to a great extent.
Next to the acquisition costs of land, the acquisition of ‘objects’ should be taken into
account when purchasing land. The purchase of objects (houses, hotels, restaurants and
agriculturd and non-agricultura objects) leads to high compensation for the vaue of
premises, income loss, moving and restructuring costs, €tc.

Based on the information on the prices of various types of land transactions the
falowing land prices will be used to compute the land related costs of infrastructure:
For direct land use daims the following acquistion costs are used:

« Within the built-up area (at the urban fringe): 23 Euro per m’;

+  Outside the built-up area: 10 Euro per m?.

The price per m? insde the built-up area is based on the average compensation
landowners receive when ther agriculturd land is expropriated for urban expanson
(either dwellings or industrid Stes). The price outside the built-up area is the average
compensation they receive when the land dongside the new infrastructure remans in
use for agricultural purposes.

For indirect land use clamsiit is not so easy to develop an gppropriate evauation of the
opportunity costs. One might be tempted to use the same figures as for the direct land
use dams, but this would obvioudy lead to an overestimate, because it might well be
that the congraints imposed are not binding. For example, if the land affected by
trangport in an indirect way is used for agriculture, and if this would also be the casc
when there would not be such a condraint, the actud costs involved are zero. Our
approach to indirect land use can be summarized as follows

191 order to get some insight of the acquisition costs of land for infrastructure a number of regional
divisions of Rijkswaterstaat (the department of the Ministry of Transport responsible for the provision of

infrastructure) have been approached. Information on acquisition costs is hard to obtain. Some evidence
is reported in Bruinsma et a. (2000).
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o Within the built-up area: 50% of the vacant land is built on vaued a a level of 68
Euro per m2;
o Outsde the built-up areac 20% of the vacant land is built on vaued a d level of 4.5
Euro per m’.
When the spatid planning regulations no longer forbid the congtruction of dwellings or
indugtrid premises dongsde infrastructure we assume that within the built up area
50% of the land will actudly be built on. The other 50% will -~ according to the overal
land use in urban areas - remain having a public function (park, infrastructure et cetera).
The average vaue of land insde the built-up area on which it is dlowed to build is
about 91 Euro (compared to a vaue near zero when it is not alowed to build on).
However, it would lead to an overestimate when we would vaue this land use clam &
the level of 91 Euro. The point is that the urben land use involved will take place
elsewhere (we assume a the urban fringe0 where the vaue of the land is about 23
Euro. Therefore, the actud loss of vaue due to the indirect land use clam -when it is
active- equals 91-23 =68 Euro per m”.
However one can altematively built on land in the urban fringes. The value of
agriculturd land in the urben fringes is — as mentioned above ~ 23 Euro. Thus the
preferentid surplus vaue of urban land compared to land in the urban fiinges is 91 - 23
= 68 Euro per m’.
Outside the built up area land is less scarce. It is not reasonable to expect that a high
percentage of the land will be built on in case soaid planning redrictions will
dissppear. We assume that only 20% of the land will actudly be built on. The
remander of the land will reman in its origind function. Following the above
reesoning one might come to the concluson tha the surplus vaue is the price of
agricultura land recalving an urban function (23 Euro) minus the vadue of agriculturd
land (2.2 Euro). However in our opinion this is not a correct measurement. The main
argument is that one could atematively build houses and/or industrid Stes somewhere
else. In that case on another location the value of land will rise by nearly 21 Euro.
However, there is some preferentid advantage to build dwelings and/or indudtrid Sites
on the location affected by the indirect land use redtriction. In our computation of the
social costs We use - quite arbitrary - a difference in value of about 4.5 Euro per m’.

The costs of fragmentation of land by infrastructure deserve specid dtention. As a
gating point, we use the Defence Expenditures method for cdculating the costs of
fragmentation. In this method, the expenditures of the governrment and firms on
mitigating messures are used to calculate the annua costs of fragmentation. Data on
expenditures that are made to counter this fragmentation are avalable; they ae
assumed to be depreciated in 35 years, Smilar to infrastructure expenditures. Interest
costs are determined on the base of the real interest rate of 4% (Dutch Minigtry of
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Finance, 1995). The interest costs and depreciation costs over 35 year together form the
totd costs of preventing fragmentation. This caculaion holds for both the expenditures
of preventing fragmentation by roads as well as expenditures of preventing
fragmentation by rallways. However, the mitigating costs do not fully cover the actua
costs of damage due to the condruction of infrastructure. Expert meetings in The
Netherlands indicated that the actud damage due to the fragmentation of the landscape
by infrastructure might be estimated to be aout 5 to 10 times higher than the
expenditures on mitigating measures. In our computation of the socid codts we take 5
times the prevention cods of fragmentation as a rather conservative edimation of the
actua damage of fragmentation due to the condruction of infrastructure.

5. Results

This section presents the results of this study in terms of socid costs of trangport. The

infrastructure related costs will be dlocated to trangport modes in order to obtain
indght into the socid cogts per trangport mode. These results will be added to the
findings from the CE-study mentioned in section 1.

In this section we will follow the grgphicad presentation of CE as much as possible. In
section 5.1 we will add the acquisition costs caculated in this study to the congtruction
costs calculated in the CE-study. Section 5.2 will discuss the contribution of the results
of this study to the complete results of the CE-study. This will be done using two
graphics in which the CE-study and the results from this study are combined.

5.1 Codgts of land use for various trangport modes. a comparison with construction
costs

The results for passenger and goods transport are summarised in tables 6 and 7
respectively. The average costs are computed by dividing the totd codts involved by the
trangport volume per infrastructure type. In case more than one trangport mode makes
use of a certan infrastructure type, the costs have been alocated according to the
intengity of use (see Bruinsma, et d., 2000, for details).

In both tables a ditinction is made between five cost categories, nandly:

« Acquisition costs of land; urban

These are codts rdated to the acquistion of land for infrastructure within the built-up
area (direct land use clam urban)

o Acquisition costs of land; rural

These are cods reated to the acquidtion of land for infrastructure outsde the built-up
area (direct land use dam rurd)
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Table 6: Land related costs and construction costs for passenger transport (in Eurocent
per passenger kilometre)

Acquistion | Acqguigtion | ‘Opportunity | ‘Opportunity | Construc-

cods of land | costs of land costs costs tion costs

Direct land | Direct land | Indirect land | Indirect land | CE-study

use dam; use dam; use dam; use dam;

urban rura urban rural &
segmentation

Car 0.77 0.19 0.06 1.15
City Bus 0.13 0.05 0.01 0.30
Touring car | 0.05 0.02 0.00 0.11
Motor bike | 0.71 0.25 0.07 0.76
Moped 0.35 0.13 0.04 0.38
Tran 1.11 0.13 0.11 4.02
Airplane - 0.09 0.38 2.99
150km*
Airplane - 0.02 0.09 1.05
500km
Airplane . 0.01 0.03 0.33
1500 km
Airplane | - - 0.00 0.00 | 0.08
6000 km |

* These figures are computed as airport related costs divided by traveller kilometer.
Hence, the costs are much higher for short haul trips than for long haul trips.

Table 7: Results for goods transport (in Eurocent per tonkilometre)
Costs of Costs of | Opportunity| Opportunity | Construc-
acquistion | acquistion costs costs tion costs
land land Indirect land| Indirect land | CE-study
Direct land | Direct land | use dam use dam
ue dam use dam urban rural &
urban rural Segmentation
Deivery van* 0.92 0.30 0.00 0.09 1.83
Truck solo < 12t | 1.06 0.38 0.12 0.12 2.29
Truck solo>12t | 0.30 0.11 0.04 0.03 1.14
Truck combi. 0.21 0.08 0.02 0.02 0.97
Tran 111 0.10 0.10 0.08 7.10
Inland ship 2.17 0.00 2.34 0.02 0.81
Airplane 0.00 0.02 0.35
6000km

*In Eurocent per vehicle kilometre

’

e 'Opportunity costs ’; urban
These are cods rdated to indirect land use by infrastructure within the built-up area
(urban). This cost category concerns the ‘opportunity costs of land which has limited
land use possihilities because the existence of nearby infrastructure negaively affects
opportunities to use this land.
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e ‘Opportunity costs ’; rural, and costs of segmentation

These costs are similar to the last category but outside the built-up area. Also, the costs
related to segmentation of land by infrastructure are included in this category.

« Construction costs CE-study

In order to make it possble to compare the results with the results of the CE-dtudy a
column is included with the condruction cods of infi-adructure per moddity as
caculated by CE (source: CE, 1999).

5.1.1 Direct costs

Overdl we may conclude that the acquistion costs per passenger kilometre for
infi-astructure outsde the built-up area are much lower than the acquistion cods for
infrastructure within the built-up area. The reason is the higher land price within the
built-up area. This effect outweighs the less intendve use of infradtructure outsde
urban areas.

5.1.2 Indirect costs

Hazardous goods routes

Indirect costs of roads are partly caused by the transport of hazardous goods, both
within as well as outsde the built-up area (other indirect costs outsde the built-up area
concern costs caused by segmentation). Of course, these costs only refer to goods
transport (trucks).

The indirect land use implications outdde the built-up aea ae rather smdl when
measured in monetary terms. Because of the higher land price the indirect land use
clam as a result of hazardous routes within the built-up area has cogts per ton kilometre
for trucks that transport less than 12 tonnes. For larger trucks they are much smdler.

Safety con tours of hazardous goods in railway yards

The indirect cogts of trains within the built-up area completely consst of costs caused
by the indirect land use clam by ralway yards. Also, these costs are only alocated to
goods trangport. Although the costs per ton kilometre are somewhat higher than for
example the costs of the routes of hazardous goods on roads, they remain limited. They

form a minor addition to the construction costs as computed by CE and the direct
acquisition cogts of land.

Free sight zones and waterways

The codts per ton kilometre for inland shipping as a result of indirect land use clams by
free dght zones are subgantid. Outsde built-up areas these cods are negligible
however.
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Noise nuisance contours for airports

Significant costs of indirect land use cdams are observed for arports, especidly for
short haul trips because in this case the number of kilometres traveled is redatively
smadl so that the number of passenger kilometres is also smdl.

5.2 Addtion to the overall CE results

In figures 1 and 2 the results of this study are added to the social codts, levies and
subsidies of respectively passenger and good transport as computed by CE (2000). In
our study we computed the following categories in figures 1 and 2:

¢ Cods of direct use of space;

¢ Codts of indirect use of space and fragmentation of |andscapes;

¢ Paking revenues (only cars in case of passenger trangport).

Which condusons can be dravn when we add our results to the cost, levies and
subgdies already computed before?

Direct land use claim

The influence of the acquidition codsts of land on the totd cods per passenger or ton
kilometre can be conddered important and sgnificant, both in absolute and in relative
terms. An extreme example is inland shipping for which the acquistion costs are higher
than the congtruction costs.

Indirect land use andfragmentation claims

The influence of indirect land use clams on the costs per passenger or ton kilometre are
sgnificant only for arplanes (in paticular the smdler types) and inland shipping.
Parking revenues'’

The parking revenues as a contribution to ‘taxes and subsidies are consdered to be
ggnificant. In 1998 the parking revenues were 257 million Euro (about 2% of all the

revenues of the municipdities).

6. Missing cost components, research priorities

At the end of this pgper it is important to examine which dements are gill missng in
the cdculation of the extema codts of transport. Below the omissons are classfied in
order of relevance, arting with the most rdevant dement.

I Parking revenues have not been taken into account by CE (2000). We find that they are not
neglegeable nowadays. They are to increase considerably in the future.
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1. Damage as a result of the existence of infrastructure (fragmentation)

In the literature much dtention is paid to the extema costs of the use of infrastructure.

However, the existence of infragtructure is often neglected as a source of extema
effects. Segmentation of open space is an important issue in a densdy populated
country like The Netherlands. In section 4 we gave a conservative estimate of
fragmentation costs based on a prevention cost approach. There is a clear need for the
development of more refined approaches addressing the damage costs directly.

2. Waiting on intersections and junctions

The anadyss of congesion cods in The Netherlands has s0 far been amed a
congestion on expressways. Besides congestion on expressways there are a number of
places where traffic bothers other traffic (cross sections, bridges, level crossng) which
leads to longer travel times. The extemd codts of longer travel times are unknown, but
they ae likdy to be high. Relaled forms of congestion of which we know hardly
anything concern parking congestion and time loss as a result of speed differences
between different traffic participants on roads and railways (see for instance Verhoef et

a. 1999). This source of extema costs occurs for all moddities from bicycle to
arplane.

3. Multiple land use and traffic

In this study some smple choices conceming multiple land use are made regarding the
dlocation of space to traffic and other functions. An in-depth andyss is desrable

congdering the increesng relevance of this subject.

4. Types of disturbance by traffic

No atention is paid to stench, vibration and visud nuisance as a result of traffic. Also
we limited ourselves to the effects on human beings. For example: dead animds as a
result of traffic have been I&ft out of consideration.

5. External costs ofparking

A tentative guess is that the margind extemd cogts of parking (for other car users and

other road users) are smdl at the nationa level. However, hardly any research on these

costs has been carried out. Especidly at the local level these costs may be considerable,

for example, in historical city centres. Further research is desirable.

6. Barrier effect as a result of infrastructure

The barrier effect has two dimensons namey traffic flow dependent and non-flow

dependent. As far as it is dependent on traffic volumes it has already been mentioned

under 2. The non-traffic flow dependent barrier effect is often mentioned in a
quditative way in environmentd impact assessment reports and in infrastructure
congtruction proposals, but these reports and proposals offer insufficient tarting points
for financial quantification.

1. Types of effects: life cycle approach
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The approach adopted here starts from the principle of external effects of the use of
transgport means. The effects of producing and recycling transport means are not
considered here.

8. Typesof modalities

Almost all moddities are induded. Sea shipping is gil1 missng though. Also bicyde
and pedestrian have received little atention. Indeed, these cause few extema effects,
but the space dams are notable. Findly, urban ral infrastructure is missng (tram and
subway). However, the meaning of the latter moddity is small in terms of land use
cdams

We may conclude that the costs of land use clams by infrastructure have been mapped
out to a reasonable extent in this study. It should be emphasised that we focussed on the
costs of transport. The question of how this should lead to an efficient system of prices
has not been addresses in this study. Broadly outlined it comes to this prices should
correspond to the margind social costs as best as possble. A tax through the fuel excise
may be a reasonable proxy. However the extema costs will depend on Stuationd
conditions. Therefore, a differentiated kilometre charge may be preferred.

What about the fixed codts, including the space related costs? If congestion occurs, a
congestion tax offers (under the assumption of congtant returns to scale) the possbility
to charge the user for long-term codts of the congtruction of infrastructure (Mohring and
Harwitz, 1962). These long-term condruction costs also include the spatid costs that
ae egtimaed in this study. Through the congestion tax, the fixed social costs of
trangport would then be precisely covered. If congestion does not occur, the totad social
costs will be higher than the short-term marginad costs. A fixed tax that corresponds
with the fixed social costs could then be used. The spacerdated costs, which are
determined in this sudy, will be included in this fixed tax.
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