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Abstract.

We examine the accessibility benefits associated some land-use policy strategies
for the Netherlands that that anticipate to a @reat lesser degree on expectéthate
changes. A disaggregate logsum accessibility meassing the Dutch national land-
use/transport interaction model TIGRIS XL is usedcompute changes in consumer
surplus. The measure provides an elegant and c@amiesolution to measure the full
accessibility benefits from land-use and/or tramsgmlicies, when discrete choice
travel demand models are available that alreadgiym® logsums. It accounts for both
changes in generalised transport costs and chang#sstination utility, and is thus
capable of providing the accessibility benefitsnfrchanges in the distribution of
activities, due to transport or land-use polici€ee case study shows that logsum
accessibility benefits from land-use policy stragsgcan be quite large compared to
investment programmes for road and public transpdrastructure, largely due to
changes in trip production and destination utilityhich are not measured in the
standard rule-of-half benefit measure.
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1. Introduction

Several studies have examined integrated land4uddransport policy strategies as a
way to mitigate the transportation sector’s contfiin to climate change (Hensher,

2008). Far less attention has been paid to thetaiimps to climate changes that are
already occurring and will continue to occur inte tforeseeable future. Some studies
have examined the land-use effects of climate-ochaugptation strategies (Koomen et
al., 2008), but the transport consequences havtarsececeived little attention. We

examine the transport and accessibility impactsaohe land-use policy strategies for

" Corresponding authodejong@significance.nl




the Netherlands that anticipate to a greater oseleslegree on expected climate
changes, for example, limiting urbanization to thesting built-up areas, areas with
low chances of flooding, or shifting investmentateas above sea level.

Conventional approaches to accessibility measurearemot ideal for land-use policy
appraisal. Conventional approaches to accessibili@asurement are often based on
‘stand-alone’ transport models, and their outpsiieh as travel times or costs, are used
as input in the rule-of-half (RoH) measure of cansu surplus typically applied in
transport project appraisals. This approach islprotic for our study purpose for two
reasons. First, using a pure transport model idstéan integrated land-use/transport
model implies that important interactions betwesmmdtuse and transport developments
are ignored. This is not only important for langysolicies; transport policies may
have an impact on land use, which in turn will Iéacdditional costs or benefits from
the transport policy. Secondly, several studiesi@that the RoH measure of consumer
surplus does not correctly measure welfare eff@tisn land uses change as the result
of a land-use and/or transport policy strategysTifibecause the measure assumes that
all benefits accruing to economic agents can béatéd to generalised cost changes.
This implies that disbenefits from changes in tkteaetiveness of locations resulting
from land-use policies, will be missing.

This paper has two objectives. The first, and primabjective, is to provide an in-

depth analysis of accessibility benefit measuremasing the logsum. In this paper we
argue that the logsum is capable of computing tileatcessibility benefits consisting

of both changes in (generalised) transport costslamd-use changes resulting from
transport or land-use policies. In this paper,ltdgsumis computed using an integrated
national land-use/transport model for the Netheltanvhich also allows us to examine
the effect of land-use changes resulting from artsinvestments on the logsum
accessibility benefit computations. The second alye is to show the added value of
the logsum benefit calculations over conventionaHRoenefit calculations. For this

purpose, we give a theoretical comparison betwéen RoH and logsum benefit

measures, and compare detailed RoH benefit caloatatwith the logsum benefit

calculations in a case study, using the same laed&ransport transport model.

The remainder of the paper is structured as follolsSection 2, the paper first

discusses accessibility measures, describing therghical basis and applications in
practice for the logsum accessibility measure.tarrmore, in this section, a theoretical
comparison is made between the RoH measure andniogeeasures. The TIGRIS XL

land-use/transport modelling framework, that hasnbepplied to calculate the

accessibility effects of integrated land-use arahgport strategies, is presented in
Section 3. In Section 4, the paper describes pp&cation of the logsum accessibility

measure within a large-scale land-use/transporicyoévaluation study for the

Netherlands. Finally, Section 5 contains the cagiols and discussion.



2. Accessibility measuresin economic appraisal

In the Dutch CBA appraisal guidelines (OEI) anddglines in other countries, such as
the New Approach To Appraisal (NATA) in the UK, exmnic benefits from transport
investments are classified in direct and wideiindirect, benefits. With the assumption
of perfect competition in all sectors of the ecogausing transport, the transportation
consumers’ surplus summarises the welfare effdciansport changes for consumers
and producers; all effects are captured by thectibenefits; additional wider or
indirect benefits do not exist. In reality, manyriet imperfections exist and, for a few
of thesg market imperfections, calculation methadsavailable to calculate the wider
benefits.

Therule-of-half as a welfare measure

The conventional approach to measure accessibgityefits of transport strategies is to
use the rule-of-half measure. This computes thagdan user benefits as the sum of
the full benefit obtained by original travellersdahalf the benefit obtained by new
travellers. This can be calculated by multiplyihg average number of trips between a
base scenario (zero) and a scenario with a prdqcity) by the difference in
generalized travel costs:

AECS M =-05%" Y (GC4~GC,) (A4 +AL) (1)

where: GC is generalised cost; z is origin (z=1,Z);,j is transport mode/destination
alternative (j=1,...,J) and A is number of trips.

The main advantage of the measure is that it issparent, fairly intuitive and
relatively easy to explain to non-experts. Ruleadfalf calculations can, however, get
complicated when taking into account all the changeravel behaviour resulting from
a transport project, for instance, changes in rohtace, time of day, destination and/or
modes of transport.

To use it as a practical approximation of consusgplus, a number of assumptions
are made that do not generally hold. First, the-nithalf effectively assumes a linear
demand function. This is satisfactory for the |lsvet change normally brought about
by new infrastructure projects. The RoH can be shtmngive a good approximation of
consumer surplus when the change in generalisedcamsbe regarded as marginal
(Bates, 2006). However, for measures which canltr@sudarge changes in demand,
such as some traffic reduction measures, the e can lead to significant errors
(SACTRA, 1999).

Secondly, the rule-of-half assumes that all acbéggibenefits accruing to economic

agents are attributable to generalised cost chanie the transport system. This is a
convenient argument with a practical outcome, sihieeasier to identify and estimate
the benefits/disbenefits accruing directly to ttkare rather than search for their more

! For a discussion on how to estimate the widendiréct benefits in practice, reference can be ntade
the guidelines of the UK Department for Transp@®Q5) and in Zondag and De Jong (2005). Our
discussion is limited to the methods for calculgtihe direct benefits from changes in accessibility
within the transport market; in the Netherlands #mel UK, the rule-of-half measure is used to measur
the direct benefits from transport measures.



elusive manifestations further along the chainsrezdction in other markets. This
assumption becomes problematic when land-use chargdo be taken into account.

Thelogsum as welfare measure
The utility that decision makem obtains from alternativg¢ is decomposed into an
observed and an unobserved, random component:

Unj = VI"I] + gnj (2)

where: U;is the utility that decision makerobtains from alternative(n = 1,..N ;j =
1,...,3), W;is “representative utility”; and,; captures the factors that affect utility, but
are not measured by the researcher.

In a standard multinomial logit (MNL) model, thecite probabilities are given by:
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The logsum now is the log of the denominator of tbgit choice probability. It gives
the expected utility from a choice from a set aé@datives. It is defined as the integral
with respect to the utility of an alternative, gmbvides an exact measure of transport
user benefits, assuming the marginal value of mamegnstant.

In the field of policy analysis, the main interéstin measuring a change in consumer
surplus that results from a particular action. Byimition, a person’s consumer surplus
is the utility in money terms that a person receivwe the choice situation taking
account of the disutility of travel time and costie decision maken chooses the
alternative that provides the greatest utility,tbat, provided that utility is linear in
income, the consumer surplus 8an be calculated in money terms as:

CS = (Lhon) Un = (Thon) maxg (Up; U ) 4)

wherea,is the marginal utility of income and equaldd,/ dYif j is chosen,; Yis the
income of person n, and and the overall utility for the person n. The divisibg o, in
the consumer surplus formula, translates utilitg iImoney units beacuseud £ dY,
/dUnj.

If the model is MNL and utility is linear in inconféhat is,anis constant with respect to
income), the expected consumer surplus becomes:

E(CS)= (Lo In (3" ™)+ C (5)

where C is an unknown constant that representiathehat the absolute value of utility
cannot be measured. Aside from the division anditiaddof constants, expected
consumer surplus in a standard logit model is gmtpé logsum. Under the usual
interpretation of distribution of errorg(CS,) is the average consumer surplus in the
sub-population of people who have the same reprasen utility as person n. Total
consumer surplus in the population can be caladlagethe weighted sum &CS,)



over a sample of decision makers, with the weighfiecting the number of people in
the population who face the same representatilitydts the sampled person.

The change in consumer surplus for decision makisr calculated as the difference
betweenE(CS,) under the conditions before the change and afterchange (e.g.
introduction of policy):

AE(CS) = (o) [In (X" ) =In (X0 )] (6)

where superscript 0 and 1 refer to before and #itechange.

Since the unknown constant C appears in the expactesumer surplus, before and
after change, it drops out in calculating changethe surplus. However, to calculate
this change, we must estimated the marginal utidityncomea,. Usually, a price or
cost variable enters the representative utility,andcase that happens in a linear
additive fashion, the negative of its coefficiesto}, by definition (McFadden, 1981).
The equations for calculating the expected conswsugslus, depend critically on the
assumption that the marginal utility of income amstant with respect to income. If this
is not the case, a far more complex formula is adetHowever, for policy analysis,
absolute levels are not required, rather only chang consumer surplus are relevant,
and the formula for calculating the expected coresusurplus can be used if the
marginal utility of income is constant over the ganof implicit changes that are
considered by the policy. So, for policies thatrd®the consumer surplus by small
amounts per person, relative to their income, tiéila can be used even though the
marginal utility of income varies with income.

The logsum benefit measure (Equation 6) providemee accurate benefit estimates of
transport projects than the rule-of-half benefitasiee (Equation 1). When land use is
fixed, an approximation based on the rule-of-half im practice only slightly differ
from the exact logsum measure computed at the $awveé of aggregation. This is,
however, not the case when land use is forecasteldange.

De Jong et al. (2007) conclude that although teerhon the use of the logsum change
as a measure of consumer surplus change was pribiistihe late seventies and early
eighties, the application in practical transpodjects appraisal has been fairly limited.

Applications in evaluation can be found in the G pta et al., 2006), Scandinavia and
the Netherlands. Most applications use one or roosé coefficients (e.g. by household

income category) to obtain outcomes in monetamnserHowever, some convert the

utility change to time in minutes.

There are few applications of the logsum methoudlansport appraisal, but even less in
the measurement of accessibility and welfare chamgéand-use policy appraisal. In
many operational integrated land-use/transportacten models (e.g., TIGRIS XL) or
land-use models ‘connected’ to stand-alone trangpodels (Urbansim - Waddell et
al., 2007), logsum values are taken from the logiidels used in the travel-demand
model, as input to the land-use model, for examgueyariables in residential and/or
business location choice models. Surprisingly, hestethese logsum values are
seldom converted to monetary terms and used avaoation measure in land-use
policy appraisal. Niemeier (1997) presented onehef very few applications in the



academic literature, so far. She examined conswuveffare changes of land use and
transport by constructing a series of hypothefdicy scenarios (elimination of travel
destinations or transport modes). Logsum accesgilihanges were taken from a
transport mode/destination logit model for homevmk trips in Washington State.
Another example is Srour and Kockelman (2001) wisedulogsum measures of
accessibility as explanatory variables in hedonadets to assess the importance of
accessibility on land and property values and looathoices. They concluded that
location accessibility is as a major explanatoryialde for property-valuation and
residential location modeling.

Accessibility benefit measurement and land use changes

In general, accessibility may change as a resudtitber a transport (generalised cost)
change or a land-use change. The rule-of-half nmmeaswowever, only estimates
benefits for the origin-destination combinations enéh (generalised) costs change
(Geurs et al., 2006). The rule-of-half is commeasiwith the assumption that the
benefit of switching between alternatives is ralatmly to the (generalised) cost
changes associated with the alternatives, andgremme the underlying attractiveness of
the alternatives, since this does not change (Bat#6). Hence, the measure does not
account for changes in the relative attractiversddscations due to land-use changes
and related changes in trip distribution takingcpléor reasons other than transport cost
changes. Neuburger (1971) illustrates this as Mdlolt is quite possible for the
introduction of a new facility to attract trips #ofurther destination, so that average trip
time and cost will increase and more trips willdgkace. A RoH measure would in this
example show that the user benefit was negativeshwik clearly absurd. In this case,
the rule-of-half method would give misleading résul'he RoH fails to take account of
benefits from changes in the attractiveness ofisins while allowing these changes
to affect demand. In other words: there is no diessociation between benefits and
trips.

Some efforts have been made to measure user lseaefbunting for land-use changes.
These have been examined within the framework efdbubly-constrained entropy
models and logit choice models. Martinez and Ar#3@00) derive user benefit
measures for the doubly-constrained entropy mduai provide a direct association
between benefits and trips. Martinez and Arayavdeshort-run’ and ‘long-run’ user
benefit measures. The long-run user benefit meaamgins terms to measure benefits
accruing from a change in generalised transpotsdmetween all transport zones, zone
attractiveness and trip generation. The short-reasure assumes that trip origins and
destinations are constant and is valid only in ghert term when land uses do not
change. Geurs et al. applied this evaluation fraonkwn a case study for the
Netherlands to estimate accessibility benefitswtggrated land-use/transport scenarios.
Martinez and Araya’s evaluation framework showsiwjance with our approach. The
major differences between both approaches are rdmesgort demand modelling
framework and level of detail of estimation. Maeimand Araya’s benefit measures are
derived for the aggregate doubly-constrained spattaraction model, we examine
detailed logsum benefit measures for disaggregajie ¢hoice models. Although Anas
(1983) showed that doubly-constrained entropy nsodmid logit choice models
produce identical results when estimated at theeslawel of aggregation, a rigorous
relationship between the transport user benefitsoreawithin the entropy framework
and the logsum benefit measure within random wtilieory has, according to Martinez
and Araya, not been established so far. This slayond the scope of this paper.



Bates (2006) states that the RoH benefit calculabased only on generalised cost is
only valid when land-use is constant. For the ealsere land-use changes, he proposes
to transform the destination utility into units @éneralised transport costs and include
these in a RoH calculation, which can be addedht® RoH calculation on the
generalised transport costs themselves. This agpneauires a utility model as well
and has much in common with the logsum approachmpaoed to our approach
disadvantages are that the production effects atrénnluded and that a linear demand
curve as assumed for the RoH method is used insfethe estimated demand curve in
the transport model as used in the logsum method.

3.Using TIGRIS XL to evaluate land-use and transport policies

Overview of TIGRIS XL

Land-use and transport policies both affect theessibility for firms and residents. A

land-use and transport interaction model is capabtalculating accessibility changes,
resulting from land-use and transport strategidss includes the mutual interactions
between land use and transport, over time, andutmme is different from the sum of
the two measures evaluated individually. Here, thenges in accessibility are
calculated by the TIGRIS XL model; an integrateddrause and transport model that
has been developed for the Transport Research eCentthe Netherlands (RAND

Europe, 2006; Zondag, 2007).

The TIGRIS XL model is a system of sub-models thatudes dynamic interactions
between them. Its land-use model uses time stepseofear, which enables the user to
analyse how the land use evolves over time. Tha-le@ model is fully integrated with
the National Transport Model (LMS) of the Nethedanand both the land-use and the
transport model interact every five years.

TIGRIS XL is a linkage module model and it consisfsfive modules addressing
specific markets. Figure 1 presents an overvieth@imodel and the main relationships
between the modules. TIGRIS XL operates at theiapatsolution of local-transport
zones (1308 zones, covering the Netherlands).

Core modules in TIGRIS XL are the housing-market Ebour-market module; these
modules include the effect of changes in the trarispystem on residential or firm-
location behaviour and in this way, link changeghe transport system to changes in
land use. The parameters for both modules have bt#istically estimated. The
residential location choice module has been estichéity household type on a large
four-annual housing market survey in the Netheawith over 100,000 househofds
The parameters of the firm (simulated as jobs) tlonachoice module have been
estimated on a historical data set (1986 — 200@Juding employment figures by
seven economic sector at a local level.

2 The different disaggregate data sets used (eegnalional travel survey OVG for the LMS and the
housing-market survey for the residential locatioodel) are not linked at the disaggregate level ane
the models. Consequently, there may be unobsemedlation across the different sub-models, which
may affect the results.



A land and real-estate module simulates supplytcainss arising from the amount of

available land, land-use policies and constructidre module can be used for different
levels of government influence, ranging from contglie regulated to a free market,

and various feedback loops between demand andysapplavailable. A demographic

module is included to simulate demographic develqs at the local level. At the

regional or national level, the model output is gistent with existing socio-economic
forecasts.

Thetransportmodule calculates the changes in transport deraaddiccessibility. The
TIGRIS XL model is integrated with the National msport Model (LMS). The LMS
consists of a set of discrete choice models forouarchoices in transport (including
tour frequency, transport mode, destination ancadepe time). These choice models
can be based on the micro-economic utility theenabling the derivation of utility-
based accessibility measures. TIGRIS XL calculatewide range of accessibility
indicators, ranging from ‘infrastructure-based’ egsibility measures (e.g., travel times,
vehicle hours lost in congestion), ‘location-basad¢essibility measures (e.g., number
of jobs or other opportunities which can be reachétin 45 minutes by car or public
transport), to ‘utility-based’ accessibility meassi(logsum accessibility measure). This
paper focuses on the logsum measure of accessibilit

Thelogsum measure using TIGRIS XL

The logsums in the TIGRIS XL model are derived friva National Transport Model
(LMS). These logsums are computed for tours (ramipg) at the individual level, and
express a traveller's utility from a choice settrdvel alternatives. This choice set
contains five different transport modes (car drjivear passenger, train, bus/tram/metro,
walking/cycling) to all 1,308 possible destinatioitie model application does not use
a sampling of alternatives from this choice set, ibhaludes all available alternatives.
For each origin zone in the TIGRIS XL model, the logsum is computednirehe
travel alternatives to all destinations and transpwde combinationsfor each person
typei (490 person types segmented to 5 household inctesses), 2 gender classes,
and 49 age classes, and travel purgose

L = Iog{z exp(,upvpijz)j (7) where:

Hp: is the logsum coefficient for travel purpose lugtcoefficient appears here, because
we are using a nested logit model for each traugbqse)

V, the representative utility (the deterministic avserved utility component) in the
transport-mode/destination choice models of the LMS simplified form can be
specified a%

Vzijp = Bpsz + Xph|n(Czj) + 6prj + ... (8)

® Transport-mode/destination choice models in théadal Transport Model are nested logit models (for
some purposes travel mode choice comes above aistirchoice in a decision tree, for other purposes
it is the other way around) and these have manyaeafory variables. Here, we present a somewhat
simplified form for ease of understanding. In cabaested logit models, the logsum concept alsdiegpp
(there are logsum-like measures of consumer sufptuall members of the Generalised Extreme Value
family), but within the exponentiated utilities trere summed in the logsum, there are additiomgEUm
coefficients (1, in equation 7).



where T is travel time (comprising various compdasenith their own coefficients), C
the travel cost, and D a variable representingathactiveness of the destination zone
(destination utility) for a specific activity (e.gpopulation, employment, shopping,
number of students at schools and universitiesg. ddst coefficienty differ between
travel purposes, but also between income groups kravel purpose. The cost variable
enters in logarithmic form, reflecting cost dampwith increasing travel distances
(Daly, 2008). Standard applications of the ruléxaff include changes in T and C
(together forming generalised travel costs), butim® from equation 8. It is, however,
not inconceivable to also include changes in Dhimrule-of-half, but this can be done
more easily by using logsum changes.

Equation 7 has logsums expressed in utils, andetimesed to be translated into
monetary terms. Because the costs are in logagtiionm, we cannot simply use the
cost coefficients by income category as margingityubf income (use thes for the
as). In De Jong et al. (2007), a method is describederive approximate marginal
utility of income from the coefficients for loganihic cost, which does not require
external values of tinfeln this application for a national policy docurhemowever, it
was important to use the officially recommendedigalof time (even though these are
not fully consistent with the values of time impliby the LMS). First, the logsums are
translated into travel times by the time coeffitsef}, and next into costs by external
values of time\oT. The travel-time coefficients are purpose spedcfid are available
from the LMS. The values of tim€oT, per travel purpose and household income
categoryh, in equation (8) come from Stated Preference reeeand are the officially
recommend values for transport appraisal in thé&i&nds. The monetary value of the
accessibility of zone for a person of typg that belongs to household income gréwip
is, thus, computed as (wifl being in time units):

cst, = VoT, Gﬂl oL, ©)

This term does not represent the absolute valuatibfy, for it does not include
constantC, see equation 4. By definition, this constant m&known and can not be
measured.

The logsum is defined for a specific choice sitmtioften for a representative
consumer. Here, the choice situation is a touro(and trip). The monetary value of
accessibility in equation 9 represents the acciisgialue for a tour. For accessibility
evaluation, the accessibility benefits are computedr all actors in the transport
model, by multiplying the accessibility value byetmumber of people 4 in that
population segment i that make a tour for that psepp from that zone z (or more
exactly: the number of tours in this population segt for this purpose from this
origin).

AE(CS) = (L) [ A (36" )~ AL I (X% )] a0

“ Because of the presence of logarithmic costs amst apefficients by income group in the LMS, the
model includes income effect. Logsums calculatediding different cost coefficients per income group
(a spline function) can approximate income effdtoiey et al., 2003; Daly et al, 2008).



Where the superscript 1 refers to the situatiom whe policy to be evaluated and the
superscript ) to the situation without the policy.

L ogsum measure by transport mode

Logsums are computed in the transport mode/destmatodel of the LMS, in which
destination and transport-mode choices are simediasly simulated in a nested
structure. Unlike results for different populatisegments, logsum results per transport
mode cannot easily be calculated, since transpodeniss not a segmentation variable,
but an endogenous choice variable. An approximatiethod is applied to distinguish
the contribution of changes in transport modeshm lbogsum. The approximation is
based on the transport-mode choice probabilitie$ @#we sum of utilities over all
alternatives within a transport mode. Changes indlause and the transport
infrastructure influence the destination and tramsmode choices in the transport
model, and the associated accessibility benefitsbeasplit up in three effects (which
together add up to the logsum change):

1. Trip production effect accessibility changes or land-use policies leadat
different spatial distribution of population andighdifferent trip origins. In the
model, this is represented by a different expansibthe logsums per tour
(differences between *Aand A in equation 10). This effect could, therefore,
also be called the ‘expansion’ effect. This is mmiuded in the conventional
application of the rule-of-half, based on the clenmggeneralised costs from a
transport model.

2. Transport cost effecbenefits from changes in transport costs andgilead to
utility changes for specific transport modes anstidations (through the C and
T terms in equation 8); it is included in the rofehalf.

3. Destination utility effectthe redistribution of population and employmesdads
to differences in the attractiveness of the destina in the choice model
(through the D terms in equation 8); this is nafuded in the rule-of-half.

The production effect in a specific scenario infloes the number of tours that are
made from a location. This effect is calculatedusyng the change in the number of
tours made, compared to the reference scenariothendhare of tours that are made
with this mode of transport. First, the share afheransport mode is specified as the
probability that a specific transport mode is clmoskhis is calculated as the sum over
all individual alternatives with that transport neod

> exp| Vy, |
Poam = 2 Poiz = (11)

jOm z eXpI:Vpijz ]
i
Where m denotes a transport mode.

The logsum benefits from the production eff&ttR, is computed as:

ALR;IJizm = ( Alpiz_ A(;)Jiz) DIj[)3ierJ]|‘0pizr (12)
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The second and third effect the transport cost and destination utility effedtsare
calculated in one step because, in the LMS, thespart mode and destination choices
are modelled simultaneously. The part of consuragslgs, calculated as the logsum,
that can be attributed to a choice alternativeragpgrtional to its choice probability.
The share of the choice alternative in consumgplssirchange, is then defined as the
ratio of the utility change (after exponentiatida) that choice alternative to the utility
change (after exponentiation) for all choice alairres. Here, we also sum choice
alternatives that belong to the same transport mode

> exp[vplijz ] - Z ex Vp?z ]

F Cl_ — jOm jOm (13)
"y explVE (=D exp Ve
]_ |: Pij ] J pij ]
The transport cost and destination utility effefchocessibility changed\LV is
computed by using these fractions:
ALV, = Ty, Oftact, [ Ly, L%) (14)

4. Accessibility benefits from land-use and transport scenarios for the Netherlands

Case study description

The Netherlands Environmental Assessment AgenantBcconducted a major land-
use policy evaluation study entitled ‘The Nethedsnin the Future’ (MNP, 2007). In
this study, a land-use baseline scenario and deakeanative land-use and transport
policy scenarios were constructed some of which were quite extrenmhé for the
entire territory of the Netherlands, for the peribdm 2000 to 2040 The scenarios
were evaluated by using a wide range of sustaiialildicators, including climate
adaptation, flooding risks, biodiversity, traffioise and urbanisation costs. Here, we
focus on the transport and accessibility effectsth&f land-use/transport scenarios,
estimated with the TIGRIS XL model.

The land-use baseline scenario shows the contoruafi land-use trends and existing
policies. Demographic trends and economic growéhkersed on one of four existing
long-term socio-economic scenarios for the Netnelda(CPB/MNP/RPB, 2006). This
scenario assumes modest economic growth (yearly @D®Rth of 1.9%), modest
population growth (up to 17 million inhabitants)damodest demand for housing (the
housing stock increases by 0.5% per year) and e/mgalot locations (stabilisation in
the number of worker8)Existing investment plans for road and publia$gort and an
additional road-investment package of about €14lmi are assumed to have been

® Detailed land-use projections for the period fro61@ to 2040 were computed with the Land Use
Scanner (Hilferink and Rietveld, 1999), a high-teson GIS based land-use model. Future housing

locations were used as input for the TIGRIS XL niode
® This scenario is called the Transatlantic Markeerfrio. The baseline and alternative land-use

scenarios were also computed for a scenario witigher population and economic growth scenario,
called Global Economy Scenario. These results er@mesented here.
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implemented, as described in the Dutch Mobility iolDocument (Ministry of
Transport, Public Works and Water Management, 2006)

To give an idea of the possible spatial consequeeatdecisions that are to a greater or
lesser degree prompted by expected climate chaddisent land-use policy variants
have been formulated:

o Compact Urban Developmestenario. This scenario concentrates dwellingsimvith
the existing built-up area or, where possible, éwly-built designated clusters at
close proximity. Half of the demand for new dwelinin the baseline scenario for
the period from 2010 to 2040 (about 500,000 dwed)ris assumed to be realised in
the built-up area that existed in 2000, compared3% in the baseline scenario.
About 6 to 8% of the total housing stock and popoiawill be relocated by 2040,
compared to the baseline scenario. Compact urbeelafement is often seen as a
CO, abatement policy, as it reduces the need to tramdl the travel distances.
However, it can also be seen as a climate changptattbn policy; it retains
flexibility in the spatial development of the Netlands, which improves the ability
to adapt to climate change, as it is easier tavedand for flood protection.

o Controlled floodingscenario In this scenario, a differentiation in safety levés
assumed, and the order in which low lying areas flwibd is rearranged to cause
the least possible damage. ‘Overflow dikes’ areltbto make flooding as
predictable and manageable as possible and, tbdsce the risks, particularly to
human life. No new large-scale urbanisation is m&glto take place in areas where
there is a relatively high chance of flooding. Age proportion of new residential
development in the western part of the Netherlasidts away from the less safe
areas to the safest areas in the central pareafabntry.

0 Uplands scenario. This makes a radical break from the pestd in spatial
development in the Netherlands. New housing ande@mpent areas, in the period
from 2010 to 2040, are relocated from the low-lyimgst urbanised western part of
the Netherlands (the Randstad Area) to peripheeasaying above sea level. This
is a quite extreme climate adaptation scenario.hWitrrent knowledge on the
effects of climate changes, the Netherlands is &rpeto be climate-proof and
protected against rising sea levels for some cmsup come. Structural spatial
measures, such as a shift in investment to thendpaeas of the Netherlands, are
not urgently required.

The Compact Urban Development scenario is combividd four alternative transport

policy variants to explore the impacts of combiteet-use and transport policies:

— Variant 1: Planned road investmen@nly planned road investments for the period
up to 2010 and 2020 are assumed to be realised.

— Variant 2: Road pricingA national road pricing scheme, based on a camigloe
charge differentiated by time, place and vehiclarabteristics, and a congestion
charge for all road traffic. The scheme is desigieede cost neutral for car owners;
road taxes will be abolished and the car purchasevill be reduced by 25% when
the scheme is introduced.

— Variant 3: Road pricing and better quality pubti@nsport. This variant includes
improvements in the quality of public transporgrad with road pricing (as included
in variant 2). It involves a doubling in the frequg of existing train services within
and between the main urbanisation areas, the ap@fisome new railway stations
and reduced waiting, interchanging and travellinges for buses, trams and metro.
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— Variant 4: Road pricing and additional road invesints from the Mobility Policy
Document.This variantincludes the additional road investment programwwigch
is also included in the Baseline Scenaalong with road pricing (as included in
variant 2).

Transport and congestion impacts
Table 1 shows the impacts of the land-use andpgmahscenarios on national passenger
travel volumes and congestion estimated by the TB5R. model.

Table 1. Passenger travel and congestion for the landrassport scenarios in the
Netherlands in 2040

Passenger travel Congestion
Caruse Trainuse Slow modes (vehicle
(veh.kms) (pass.kms) (pass.kms) hours lost)

Baseline scenario 135 98.6 98.5 171
Compact Urban Development scenario 132 99.5 97.2 163
Variant 1: Planned road investments 130 99.8 97.3 230
Variant 2: Road pricing 115 103.2 100.9 110
Variant 3: PT and road pricing 115 117.0 100.5 111
Variant 4: Road investments and pricing 119 1025 100.3 79
Controlled flooding scenario 135 98.0 98.7 168
Uplands scenario 136 96.6 99.1 93

Note 2000=100

Forecasted increase in car use is about 35% fdyabkeline scenario, in the period from
2000 to 2040. Passenger rail travel and slow tramspodes stabilises, over the same
period. Traffic growth is concentrated on the maiatorway network resulting in an
increase in congestion by about 70% in the basslieaario. The impact of the land-
use and transport policy strategies on nationasgrager travel is rather small, except
for the scenarios including national road pricifige impact of land-use and transport
policy on congestion is much more substantial; tesies between a more than
doubling when no additional road investments aradi qaricing are assumed (variant 1),
and a reduction by about 20% when additional roagstments and road pricing are
assumed (variant 4).

At the national scale, compact urban developmerkesranly a small contribution to
reducing car travel, but has more substantial irmnpaccongestion. Compact urban
development is, thus, not a very effective measuraeitigate greenhouse gas emissions
from transport. Road pricing is a more effectiveaswge, reducing car use and related
CO, emissions by 10 to 15%. The Controlled Floodingraeio has minor transport
and congestion implications at the national le#elthe Uplands variant, the shift in
population and jobs away from the heavily urbanisma-lying Netherlands to the
more rural, elevated areas leads to slightly irswdamobility, but strongly reduces
congestion on the main motorway network compardtiddaseline scenario.

Logsum accessibility benefits by transport mode

Table 2 presents the logsum accessibility bendditstransport mode (car, train,
bus/tram/metro, slow modes). First, the calculdiedefits from the land-use policies
are presented, with the baseline scenario as senefe. Next, the benefits from the
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transport policy variants are presented, which caleulated with the planned road-
investment scenario (variant 1), with the Compadtdd Development Scenario as a
reference.

Table 2 firstly shows that accessibility impactsnfr the land-use scenarios are largely
due to changes in trip production and - to a lesgéent — changes in transport costs
and destination utility. In the Compact Urban Depshent scenario, a high share of
new housing is directed towards locations in thesteyg built-up areas near railway
stations. This improves accessibility (productidfe&) for train users and for slow
transport modes, but reduces accessibility by This shows that urban densification
leads to significant accessibility benefits - argsfrom changes in trip origins - for slow
transport modes, in particular. The opposite eftact be seen in the Uplands scenario.
The shift to more rural areas leads to negativeessbility benefits in all transport
modes, and in particular in slow transport moddee utility of travellers is negatively
affected by a reduction in travel opportunitieslabdrt distances. The planned flooding
scenario has accessibility benefits for car ugesylting from the urbanisation pattern
that is directed at the existing cities, but ngidily within the existing built-up area.

The table shows that the road construction packdg&l4.5 billion (included in the
Compact Urban Development base scenario and absemariant 1) leads to
accessibility benefits of €271 million by 2040. Tlegsum accessibility changes for
public-transport users and slow transport modesttes result of land-use responses to
the road investments (relocation of people and)joR# road-pricing variants have
negative accessibility impacts, due to the incréasests. However, the road-pricing
scheme yields substantially higher accessibilitydfiés than road and public-transport
investments when taking into account that roadgaed 25% of the car purchase tax
will be abolished when the kilometre charge isddtrced (this is included in the results
presented within brackets in Table 4). These changethe road and car purchase
taxes, forecasted at €3.9 billion by 2040, and bella benefit to car owners.

The accessibility benefits from the Road Pricind &oad Investment scenario (variant
4) and Road pricing and public-transport investnseenario (variant 3) are higher than
for the Road Pricing scenario (variant 2), due twlittonal accessibility benefits
resulting from the investments in roads or pubdansport. In addition to the planned
road investments and introduction of a nationabl¥pacing scheme, the accessibility
benefits from the public-transport investments @reilar in size to those of the road-
investment package. However, different populati@gnsents benefit from these
investments. Public-transport users will mainly éfénfrom the public-transport
investments, and car drivers will benefit from roadestments; shifts in transport
mode are marginal.
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Table 2: Logsum accessibility changes by mode for the kasel-scenarios, compared
to the baseline scenario, and benefits from tramggmicy variants within the compact
urban development scenario

Accessibility benefits, in € million/year
By transport mode

Total car train  BTM slow
modes

Compact urban development scenario:

Total effect 1535 -138 106 25 1542
Trip production effect 1176 -319 90 17 1388
Transport cost and destination effect 360 182 16 9 153

Controlled flooding scenario:

Total effect 539 631 -7 -8 =77
Trip production effect 189 450 -3 -10 -249
Transport cost and destination effect 350 181 -4 1 172

Uplands scenario:

Total effect -1343 142 -188 -10 -1287
Trip production effect -2408 -516 -163 -16 -1714
Transport cost and destination effect 1066 658 -26 6 427

Transport variants in compact urban development scenario 2040
Variant 1: Limited road investments

Total effect 271 259 3 1 9
Trip production effect 26 15 2 1 8
Transport cost and destination effect 245 244 1 0 1

Variant 2: Road pricing ?

Total effect -2778 (1122) -2915 (985) 12 1 124
Trip production effect 38 -93 12 0 119
Transport cost and destination effect -2816 -2822 0 0 5

Variant 3: PT and road pricing #

Total effect -2563 (1337) -2876 (1024) 119 72 122
Trip production effect 45 -96 12 2 128
Transport cost and destination effect -2609 -2780 107 69 -5

Variant 4: Road investments and pricing

Total effect -2516 (1384) -2664 (1236) 19 4 125
Trip production effect 88 -59 18 3 127
Transport cost and destination effect -2604 -2604 1 0 -2

Note Figures between brackets are accessibility benfefi car users taking into account that roadgaxe
and 25% of the car purchase tax are abolished wheekilometre charge is introduced. Revenues are
forecasted at €3.9 billion/year for 2040.

The accessibility benefits from land-use policias de much higher than those from
investment programmes for road and public transpénastructure: the compact urban
development scenario can lead to €1.5 billion pearyby 2040, compared to €0.2 to
€0.3 billion per year for the road-transport or letransport (Table 4). This difference

is related to the scale of investments. As an tifi®n, investments in the public-

transport and road-infrastructure, examined here,eatimated at €18 to €23 billion

(€0.1 to €0.5 billion per year over a 30-year payriavhereas the additional transition
costs of urbanisation for the Compact Urban Develept scenario are estimated at
€0.8 to €1.3 billion, also during a 30-year perfNP, 2007).
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Logsum compared to rule-of-half accessibility benefits

The logsum method should produce similar estimateser benefits as the rule-of-half

when estimated at the same level of detail and-lmedis fixed, using the same

transport model and consistent values of time. & if this is the case in our case
study, we compared the difference in rule-of-halfl dogsum estimations for a road

infrastructure investment package. The rule-of-baihefits result from a computation

of travel-time savings at the disaggregate trip &madel-time matrices, and similar

purpose-specific values of time, as used in thedogcomputations. Table 3 presents
the accessibility benefits from the additional roadestment package (of about €14.5
billion ), computed as the difference between thmgact urban development scenario
(which includes the road investment package) aagthnned road investment scenario
(excluding the road investment package, variant 1).

Table 3: Logsum and rule-of-half accessibility benefits nfrathe additional road
investment package in 2020 and 2040

Benefits in € million/year

Rule-of-Half Logsum
2020 147 248
2040 196 271

Table 3 shows that the rule-of-half method yieldmiéicant effects from the road

investment package. The effects are similar buit dotwer compared to the logsum
measure, since the logsum also incorporates tleetefbf minor changes in origin and
destination patterns (e.g. residents moving houseyelled by the TIGRIS model as
the result of the road investment package. Tabpgedents the accessibility benefits
from the different land-use policies for 2020 afdl@, as computed by the rule-of-half
and logsum methods, compared to the baseline soenar
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Table 4: Logsum and rule-of-half accessibility benefitsnfrahe different land-use
scenarios in 2020 and 2040 compared to baselimasoe

Benefits in € million/year

Rule-of-Half Logsum
2020:
Compact Urban Development scenario 27 697
Controlled Flooding scenario 26 107
Uplands scenario 31 -579
2040:
Compact Urban Development scenario 27 1,535
Controlled Flooding scenario 0 539
Uplands scenario 81 -1,343

Table 4 first shows significant logsum accessipibenefits from the Compact Urban
Development scenario, amounting to €697 million pear by 2020, and to €1535
million, by 2040. The logsum accessibility beneiitshe Controlled Flooding scenario
are moderate, which can be expected from the aggumpunderlying this scenario.
The restricted locations for urbanisation are Uguakar river beds and suitable for
flooding, and in general have a poor accessibilltye Uplands scenario involves a
rigid shift of urban development to less denselypuylated eastern parts of the
Netherlands, also to locations with lower traffrdansities on motorways, but with
limited employment and population nearby. As a ltedhe logsum method yields
significant negative accessibility benefits in thcenario.

Table 4 shows large differences in accessibilitpebiés between the rule-of-half and
logsum measures. The rule-of-half does not pickaligccessibility impacts resulting
from the land-use changes. This is a form of mig$ipation of the appraisal method
that uses outcomes from the transport model. Thesadility impacts from the land-
use scenarios are largely due to changes in tagyation and destination utility, not
incorporated in the rule-of-half method. The logswalculations show that the
accessibility effects of land-use strategies carvdry large, so ignoring them would
lead to serious biases. The indication of the atbiity impact may also be wrong, for
example, the rule-of-half method yields small pesitbenefits from the Uplands
scenario due to reduced congestion levels on the matorway network, whereas the
logsum vyields strong disbenefits resulting from ateg trip production effects;

inhabitants in this scenario have — on averageweildevels of access to spatially
distributed opportunities by all transport modes.

5. Conclusions

We have examined the accessibility benefits fromeséand-use policy strategies for
the Netherlands that anticipate, to a greater ssele degree, on expected climate
changes. A disaggregate logsum measure of benefitss computed by using the
national land-use/transport interaction model TISRIL. The logsum accessibility
measure can be concluded to provide an elegant@nanient solution to measure the
full direct accessibility benefits from land-usedéor transport policies, when a travel
demand model (using discrete choice models) islablai that already produces
logsums. This approach may form an important steyatds improving the current
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standard practice of accessibility appraisal. Tdgslim measure accounts for changes
in (generalised) transport costs, destination tytiéind trip production, and is thus
capable of providing the accessibility benefitsnfrchanges in the distribution of
activities, due to transport or land-use polici€ee case study shows that logsum
accessibility benefits from land-use policy stragsgcan be large compared to
investment programmes for road and public transipdrastructure.The accessibility
impacts from the land-use scenarios are largelytdushanges in trip production and
destination utility, which are not measured in thendard rule-of-half measure. The
logsum benefit measure thus goes beyond the cuprastice of rule-of-half benefit
calculations. Ignoring accessibility benefits frolend-use changes resulting from
transport investments may lead to serious biasesedwer, the accessibility benefits
from land-use or integrated land-use/transportagces computed by the standard rule-
of-half measure may be strongly under- or overestioh and have the wrong sign.

In standard accessibility evaluation with the rafdralf method, the accessibility

disbenefits from land-use changes are not measurédvould need to be measured in
the land-use system (e.g. using property valudarat rents). In practice, it is quite

difficult to identify and measure these benefitthim the land-use system, especially in
regulated land markets and housing markets. Additiapplications, however, will be

necessary to firmly establish the added value ef ldgsum accessibility method in

transport-project appraisal.

The logsum accessibility measure is a comprehenmswasure of direct accessibility
benefits, but only a partial measure of locatiomdsgs. Accessibility is but one of
many variables determining location quality andueal other variables, such as
dwelling attributes, availability of green areasdanvironmental quality are important,
too. A strategy of compact urban development ntays,tprovide accessibility benefits,
but generates overall losses in property valueda@sation values, as it does not match
residential and job-location preferences. Someargdte have for example been made to
use logsum accessibility measures as explanatargbl@s in hedonic pricing models
to compute land and property value changes. Wighland-use/transport framework,
such as the TIGRIS XL model, the overall land-uséfave changes, in principle, could
be derived from the residential and job-locationdele where the logsum accessibility
measure is used as input variable.

For some cases, the use of the rule-of-half metd®wd complementary analysis tool
along with the logsum method has been suggestatwamild ensure consistency and
add to the scheme-impact analysis. In the Netheslaihis not uncommon to use quite
simple and aggregate rule-of-half measurementsainsport infrastructure appraisal.
This obviously has the advantage of the ease olilzdion and interpretation, but does
not result in accurate user-benefit computationgodgh it is practically infeasible to

estimate rule-of-half measures at the same levelsefmentation and, thus, as
accurately as the logsum measure, it does seentbwlole to examine the level of

segmentation and the type of transport projectishith the rule-of-half measures are
sufficiently accurate and where they can still ppli@d in practical transport appraisal.
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Figure 1: Functional design of the TIGRIS XL model
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