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Abstract:

The logsum is a measure of consumer surplus icdheext of logit choice models. In spite
of the abundant use of logit models in transpaujget assessment is only rarely done using
logsums. Instead in project evaluation or appraishfnges in transport costs and time
(borrowing values of time from some source) are mamly used to get the traveller
benefits. The paper contains a review of the thealeand applied literature on the use of
logsums as a measure of consumer surplus changejict appraisal and evaluation. It
then goes on to describe a case study with thehDN#&tional Model System (LMS) for
transport in which the logsum method and the comynased value of time method are
compared for a specific project (high speed tréias would connect the four main cities in

the Randstad: Amsterdam, The Hague, Rotterdam #edhd).



1. Introduction

Transport infrastructure projects in The Nethertaace normally appraised ex ante by using
cost-benefit analysis (CBA) procedures following ®o-called ‘OEI-guidelines’ (CPB and
NEI, 2000). The project benefits for travellers ameorporated in the form of changes in
demand (e.g. from the Dutch National Model SysteMS, or the regional models, NRM)
and changes in the generalised travel costs (usahges of time from Stated Preference

studies to monetise travel time savings), and apglthe rule of half.

While a number of short-term improvements to therent procedures have been proposed
(see Ecorys and 4cast, 2004), it is also interggtrconsider a more radical approach using

explicit measures of consumer surplus, obtainemiegrating the demand models directly.

The direct effects of a particular policy on thavellers can be measured as the change in
consumer surplus that results from that policyr@hen also be indirect and external effects

that may not be covered in the consumer surplusgg)a

The consumer surplus associated with a set ofnalti#es is, under the logit assumptions,
relatively easy to calculate. By definition, a mers consumer surplus is the utility, after
conversion to money terms, that a person receivéise choice situation. If the unobserved
component of utility is independently and identigalistributed extreme value and utility is
linear in income, then the expected utility becorttes log of the denominator of a logit
choice probability, divided by the marginal utility income, plus arbitrary constants. This is
often called thelogsum. Total consumer surplus in the population canchiulated as a
weighted sum of logsums over a sample of decisiakars, with the weights reflecting the
number of people in the population who face theesegpresentative utilities as the sampled
person. Assuming no change in the unobserved coempar utility, the change in consumer
surplus is calculated as the difference betweerdafgum under the conditions before the

change and after the change (e.g. introductionpaflizy). The arbitrary constants drop out.

The advantages that the logsums would give to fh@a#sal procedure would be that
logsums can incorporate a degree of heterogeneitthé population, while also being
theoretically more correct and in many cases easierlculate. However, to calculate this

change in consumer surplus, the researcher musv khe marginal utility of income.



Usually a price or cost variable enters the repradize (indirect) utility and, in case that
happens in a consistent linear additive fashioa niébgative of its coefficient is the marginal
utility of incomeby definition. If the marginal utility of incomes inot constant with respect
to income, as is the case in the Dutch National &l&ystem LMS and the Dutch regional
models NRM, a far more complex formula is neededar indirect approach has to be

taken, while thought is also needed about the neassurplus to be used.

In this context, the Transport Research Centre (A@Wthe Dutch Ministry of Transport,
Public Works and Water Management has commissid®ND Europe to undertake a
study comparing the conventional approach to tleeafishe logsum change as a measure of
the change in consumer surplus that would reswit fa transport infrastructure project. The

paper is based on the work conducted in this study.

After having introduced the basic concepts in secf, this paper reviews the theoretical
literature on the use of the logsum as an evalmameasure, including both the original
papers on this from the seventies and the worlheriricome effect in the nineties (section
3). Also recent application studies that used digsum for evaluation purposes are reviewed
(section 4). It then goes on in section 5 to désca case study with the (LMS) for transport
in which the following methods are compared forpacsfic project, ‘Rondje Randstad’ (a
proposed high speed (probably MAGLEV) train projd@t would connect the four main
cities in the Randstad: Amsterdam, The Hague, Riz#te and Utrecht):

a. the ‘classical’ approach of measuring the changgeneralised cost, with

external values of time, invoking the rule-of-afthahd

b. the logsum approach.

Different methods for monetising the logsum chaagecompared as well. A summary and

recommendations are provided in section 6.

2. L ogsums: the basic concepts

In this section we provide an introduction to tlmnecept of logsums, largely following the
most recent textbook on discrete choice modelsir{Ti2003). A separate section of this

book is devoted to describing the calculation ef tonsumer surplus for policy analysis.



In the field of policy analysis, the researchemigstly interested in measuring a change in
consumer surplus that results from a particulaicgolThe consumer surplus associated with
a set of alternatives is, under the logit assumpticeasy to calculate. By definition, a
person’s consumer surplus is the utility (alsorgkaccount of the disutility of travel time
and costs), in money terms, that a person receivése choice situation. The decision-
maker n chooses the alternative that provides the greatii#ly, so that the consumer
surplus (C9 can be calculated in money terms as:

CS = (llow) Un = (Llow) max (Uy O )
where Uy is the utility that decision makerobtains from alternative(n = 1,..N ;j = 1,...,J),

an is the marginal utility of income and equaldd, i/ dY,if j is chosen,

Y is the income of person n, and

U, the overall utility for the person n.
Note that the division by, in the consumer surplus formula, translates utility money

units (e.g. dollars, euros) sincexd# dY,/dUy;.

In this framework, the utility is known to the dsicin-maker, but not to the researcher. The
researcher observes some attributes of the alteesafs faced by the decision-maker,
labelled x; Oj and some attributes of the decision-maker, |ladell and can specify a
function that relates these observed factors tal#ogsion-maker’s (indirect) utility:

V= V(Xnj , Sy O]j = “representative utility”;
Furthermore, utility is decomposed into an obsenatd an unobserved (random)

component

Unj = Vi + &nj
wheree, captures the factors that affect utility, but amt observable by the researcher.
Taking this into account, the researcher is ableaoulate the expected consumer surplus
by:

E(CS)= (L) E[max(Vnj +en; 0])]

where the expectation is over all possible valdablee,;'s.

If eachey;is iid extreme value with standard variancé/§) and utility is linear in income

(that isanis constant with respect to income), then the etgbien becomes:
Vi
E(CS)= (1/oy) In (Z?zle )+C

where C is an unknown constant that representiattehat the absolute value of utility can

never be measured.



The term in parentheses in this expression is @mmhinator of a logit choice probability

&
(P, = © ). Aside from the division and addition of constnexpected consumer

ni z evnj

j

surplus in a standard logit model is simply the édghe denominator choice probability.

This is often called the “logsum term”.

Under the usual interpretation of distribution ofoes, E(CS,) is the average consumer
surplus in the subpopulation of people who havesttrae representative utilities as person n.
Total consumer surplus in the population can beutaed as the weighted sumE(iCS,))
over a sample of decision-makers, with the weigatkecting the number of people in the

population who face the same representative asligis the sampled person.

The change in consumer surplus is calculated aglitference between the calculation of
E(CS,) under the conditions before the change and tloailesion of E(CS,) after the change

(e.g. introduction of policy):
A E(CS) = (L/oy) [ In (queV i ) —1In (zji)levonj )

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

Since the unknown constant C appears in the exgpextesumer surplus both before and
after change, it drops out in calculating the clesniop the consumer surplus. However, to
calculate this change in consumer surplus, theareBer must know (or have estimated) the
marginal utility in incomen,. Usually a price or cost variable enters the repméative utility
and, in case that happens in a linear additiveidaslthe negative of its coefficient ig by
definition. The formula given by Train for calculad the expected consumer surplus
depends critically on the assumption that the mmatgutility of income is constant with
respect to income. If this is not the case, a farentomplex formula is needed, in whigh
becomes a function of the change in attributes. @@, for policy analysis absolute levels
are not required, rather only changes in consummgaiiss are relevant, and the formula for
calculating the expected consumer surplus can éd ifithe marginal utility of income is
constant over the range of implicit changes thatcansidered by the policy. So, for policy

changes that change the consumer surplus by smallrs per person relative to their



income, the formula can be used even though intyghk marginal utility of income varies

with income.

A slightly different interpretation, namely the kagn as a measure of accessibility, is given
in the textbook by Ben-Akiva and Lerman (1985). Tehors only briefly describe the
mathematical expression to calculate consumer sir@$ part of describing a measure of
accessibility:
If Cnis a choice set, for multinomial logit:

V. = i D e

H e,

where V. is the systematic component of the maximum ufilitg. the measure of

accessibility,

u is the scale parameter of the disturbance te(mis by assumption iid Gumbel)

and E [ma>gDcn UmJ is defined as the measure of accessibilityuraggy that the

utility scale is established such tit) = 0.

If Cnis a choice set, for multinomial logit:
C 1 o
V,==In) e
H e,
whereV, = the systematic component of the maximum utilitpeasure of accessibility,

p = scale parameter of the disturbance tefmis by assumption iid Gumbel distributed)

andE [ma>gDCn UmJ is defined as the measure of accessibilityrasg) that the utility scale

is established such thie) = 0.
Thus, we can calculate a measure of consumer surphe choice model is viewed as an
individual’'s demand curve for an alternative. Th#edence in an individual’'s consumer
surplus between two situations corresponding tdbate vectors % and ¥, or vectors of
systematic utilities Y, and \?, is

> [P [V)av

ioc, "
where the choice probability is denoted as conaiitimn the vector of systematic utilities in
order to make the dependency explicit. For thetlogidel it can be shown that the result of

this formula is



1 > 1 1
=In) M —=In> e
U 2, U 2

inc2 iock
which is the difference among expected maximumitiesl in the two situations. This
measure is expressed in utility terms, but couldraesferred to monetary terms in various

ways, such as by dividing this measure by a caefftoof travel cost.

More complex discrete choice models (notably Gdisexd Extreme Value or GEV models)

are discussed in the next chapter.
3. Review of thetheoretical literature

This section provides an overview of the theorétidarature discussing the issue of

calculating overall utility derived by diverse consers facing a discrete choice and the role
of the ‘logsum’ formula in that calculation. Fistgeneral description of the early literature
(until the early nineties) is given. Then the issaeldressed in the more recent literature

(income effects and taste variation) are introduced

It is supposed that consumers face a situationhiiciwthey must choose one of a finite
number of mutually exclusive alternatives€ach alternative has a utility and each consumer
chooses the alternative that gives him or her tagimmum utility. However, because the
consumers are diverse, i.e. have different preéergnthe alternative that gives maximum
utility may be different for different consumer$loreover, it is acknowledged that neither
the analyst nor the consumer can measure thaagtilitith perfect precision; any predictions

of choice can therefore be made only as probadsliti

This analysis gives the Random Utility Model (RUMamework, in which consumers (i.e.
travellers or freight shippers, in the transpomteat) are represented as maximising utility,
but that this utility is considered random, eithecause the analyst cannot measure the
utilities perfectly or that the consumer does nit @nsistently, e.g. by making mistakes.

This framework has been questioned persistentlyslyghologists and other social scientists,

! For the purposes of discussion, it is presumed that aemsaelgmentation has been carried out such
that consumers within one segment can be considered teetioon the same set of alternatives. This
segmentation has the practical consequence that overaléstititist be calculated separately for each segment.



but remains the only complete paradigm for modgland evaluating choice behaviour. For

the present work we shall remain within the RUMrigavork.

The theoretical literature reviewed falls into tpeases. First, covering the period up from
the early 1970’s to the early 1990's, appraisalyamts working within the RUM paradigm
constrained themselves to models which did nowaflar any effect of income on choice,
nor for any variation in tastes which was relateddriables in the model. Later, from the
mid-90’s to the present day, attempts have beerernmadhcorporate these two effects into
appraisal models, following successful incorporatad such effect in choice models. It is
fair to say that not all of the problems of extenylihe appraisal models have yet been
solved. In any case, practical appraisal procedurego the present day have almost
exclusively been based on the simpler, earlier, ef®dA summary of the theoretical
literature review is presented below, split inte tivo phases. The detailed reviews are in
RAND Europe (2005). Two recent papers offer an weer of the field from different
points of view: Bates (2003) and Daly (2004). Badgves a complete overview of current
practicé of transport policy appraisal, relating this te trelevant theory. In particular this
paper gives an excellent discussion of the strengtid weaknesses of the ‘rule-of-a-half’
approximation to consumer surplus calculation. Dadyiews the early theory of RUM
modelling, showing that all the important researshgere working on basically equivalent
hypotheses, which include a constant marginaltyitdi money and the exclusion of taste
variation in policy variables. He then goes ordiscuss more recent work that abandons
these restrictions and to discuss the consequeheg¢sthe various approaches have for

appraisal.
3.1 The early RUM literature

The key early papers in the RUM literature are Midfem’s 1978 and 1981 publications,
which form his most important contribution to thesatete choice literature and a major
component of his Nobel work. In those papers st §et out the GEV theorem (1978) and
then gave full mathematical detail of the linksvibeen RUM, choice models and welfare
functions (1981), which form the basis for discogsihis issue. Essentially, the GEV

theorem gives the basis for deriving choice prdiiads and overall utilities from a class of

2 Perhaps, current British practice.



functions, which satisfy a list of conditions. Thgecific form of the expression giving the
overall utility (the welfare function) is, in simgplcases, the log of the sum of the

exponentiated utilities of the alternatives, heacguiring the name ‘logsum’.

In many papers, the first publication advocating tise of the logsum as a measure of
consumer surplus is stated to be Williams (1977wever, Cochrane (1975) gives the
logsum formula for total utility and refers to 19W&brk by Neuberger and work parallel to
his own by Koenig. Williams himself refers to Neuper and to work by Wilson and
Kirwan of 1969, in both cases as having used tlysum formula for evaluation. The
logsum measure was also in practical use for apgirdiefore 1977 (by Daly and probably
by others, as it is quite simple to derive as titegral of a logit demand function). Both
Cochrane and Williams gave a complete theory ditytn which the logsum could be
based, but Williams and Daly and Zachary (1978kttus further to establish that the
logsum was the key ‘composite cost’ measure whailiccbe used in further modelling to
obtain tree (nested) logit models and derived aeldnlogsum measures from tree logit
models. McFadden’s contribution in this context i@ageneralise further the models from
which logsum-type measures could be derived aneixtend and make more rigorous the

theory on which their derivation was based.

McFadden’s GEV theorem also gives the choice pntibab for the model. These are equal
to the derivatives of the logsum with respect t thilities of the alternatives. That is, the
logsum is equal to the integral of any of the cagcobabilities with respect to the utility of
the corresponding alternative. Given that the anhgimbability is the expected demand for
the alternative from each consumer, it can be Henthe logsum is thus — in some sense —

the integral of the ordinary demand curve.

It would thus be convenient to identify the logswith the Marshallian consumer surplus
arising from the choice situation, which is convemally presented as the integral of the
demand curve. However, Marshallian surplus isndefiin terms of the integral of demand
with respect to therice of an alternative, while the logsum is definedttses integral with
respect to thaeutility of an alternative. In a context where the maigiadue of money is
considered to be constant, this presents no probléma literature up to the early 1990’s,

including McFadden, is based on this assumptionchvis tantamount to ignoring any



influence of income on choice. Most models simgidynot deal with the impact of budget

constraints on behaviour.

In McFadden'’s early theory, the key assumptionsatifigng the models are:
1. the AIRUM assumption (Additive Income RUM), whickquires income to enter
indirect utility in a specific linear additive fornprecluding any income effect on

choice behaviour; and

2. the invariant RUM assumption that the distributiohthe random component of
utility® is not affected by the values of the observabtepmnents — essentially, there

is no unobserved taste variation.

A recent paper by Daly (2004) shows that all thg karly researchers made these key
assumptions (in so far as they discussed the folecome) and also made the same more
technical assumptions that are necessary to ma&kmtuels operational. The most general
form of these technical assumptions allows for plssibility that the logsum should be

scaled by a constant positive factor to express & monetary scale.
3.2 Income effect and taste variation

The impact of income on discrete choice has of smureen considered in models of car
ownership and other issues for many years, beins that McFadden (1996) was the first
to propose acceptable procedures for calculatingwoer surplus measures for models with
income effects. This paper gives three methodag$sessing consumer surplus with models
that are nonlinear in income: a simulation procedusn approximation based on a

representative consumer approach, which he regectsaccurate; and some bounds on the
true value of the surplus. Herriges and Kling @9%st these approaches on real data,
concluding that the calculation of bounds is incament and may be inaccurate but are
unable to choose decisively among the other McHadgigroaches and more approximate

methods.

3 More strictly, the distribution of theifferencesf the random components.
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However Chercheet al (2004) conclude that approximations obtained ibgdrising the
demand model may give substantial error. Karlst@600) offers an alternative calculation

procedure to replace the McFadden simulation.

Taste variation presents a different type of diffig, in that the valuation attached to
attributes of the alternatives are not constanpdrticular, the money coefficient may vary
randomly, which presents complications of a momedamental kind. Here we may be
concerned with the issue of whether variation emad as being between individuals only,
or possibly also ‘within’ a given individual. Von ddéfen (2003) makes his evaluations
without apparent concern for this issue and itissible that this may be a valid approach. It

seems the best conclusion at present is to vieustiue as being unresolved.

4. Review of the applied literature

Although the theory on the use of the logsum chaamgi@ measure of the change in the
consumer surplus was published in the late seveate early eighties, the application of
this theory in practical appraisals of transporbjgcts has been very limited. Most
applications in transport evaluation that the argtaze aware of have been undertaken only
recently (after 2000). The applications that wareiewed are summarised in Table 1. All
applications use models that include mode choicaneSlogsum applications in project
evaluation also use models for destination chom¥a departure time choice. Logsums are
first calculated for each individual decision-makerthe sample, and then aggregated over
groups of decision-makers. Various segmentatiores @sed, also depending on the
segmentation used for the time or cost coefficieisesd later on to convert from the utility
scale (measured in, say, ‘utils’) to money or tilhecommon segmentation for the logsum
calculations and outputs is by travel purpose. @pplications of the logsum concept in
transport project appraisal all use the relativ@ple formulation with constant marginal
utility of money. It could be dangerous to assuireg the marginal utility of income would
be constant over a wide income range (it is mdeelylithat it will decline with increasing
income). Theory has moved beyond that in the résetiut the later formulations are not in
practical use. Also note that the Sacramento agipdic uses the assumption of a constant

marginal utility of money only within a number ofstinct income/worker categories. This
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Table 1. Summary of applications of the logsum in transpooject appraisal

—

Model Choices Segmentation Marginal utility | Conversion
application included of income method of utlity
into money
San Francisco | Mode choice | By zone pair and constant Using a commorj
(Castiglione et 9 segments based in-vehicle time
al, 2003) on household size coefficient to get
and car outcomes in
availability minutes
Europe Mode- By almost 1,000 | constant Using an implied
(EXPEDITE, | destination person segments cost coefficient
2002) choice and 5 travel per purpose to gel
purposes outcomes in euro
Austin (Gupta | Mode, 4 trip purposes, | constant Using a cost
et al., 2004; destination calculated for an coefficient per
Kalmanje and | and departure| individual purpose to get
Kockelman, time choice | resident outcomes in
2004) dollars
The Mode, 8 travel purposes| constant Using time
Netherlands | destination coefficients per
LMS and departure purpose to get
(Koopmans time choice minutes, then
and Kroes, using value of
2004; De Raad, time to get euros
2004)
Oslo (Odeck et| Mode- By trip purpose constant Using a cost
al, 2003) departure time coefficient per
choice purpose to get
outcomes in
Kroner
The Mode, 8 travel purposes| constant No conversion
Netherlands | destination money used
TIGRIS and departure
(RAND time choice
Europe, 2004)
Sacramento Mode choice | Household constant Using a cost
(USDoT, 2004) segments base on coefficient per
income/worker segment to get
categories outcomes in
dollars

provides a solution, which we also used for the LBffplications where cost coefficients

also differ between five income groups.

Two amlens (Castiglione et al, 2003 and

Koopmans and Kroes, 2004) do not convert the (d&oatess) logsum change directly into

money units, but convert to time in minutes. Thieeotapplications use one or more cost

coefficients to get outcomes in money units.
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5. Case study for The Netherlands

In this case study, we are using results from tiffergnt runs that were carried out with the
Dutch National Model System LMS:

+ the reference situation 2020; and

» the project situation 2020 (the same as the referesituation, except for the
implementation of ‘Rondje Randstad’, with partiautgpeed and frequency increases
for a number of train links between the big citieshe Randstad, and reductions on

some of the minor train links).

Below are the results for the number of tours lantitravellers from the two LMS runs.

Note that for home-based business and ‘other’ tralte number of train tours is predicted
to decrease. This is due to the fact that the prajariant does not provide train times that
are better than the reference situation 2020 inaales; for some origin-destination relations,
the train times in the reference situation are telohe travel times by train in the project
variant always at least as good as in the base paathe reference situation also includes
some improvements in train travel times comparedh® base year, some of which

(especially stop trains) are not in the ‘Rondje d&ad’ variant.

Table 2. Number of tours by train on an average working ida2020

Reference 2020 Project 2020 Project 2020

(Reference=100)
Commuting 505571 513088 101.5
home-based business 16659 16509 99.1
non-home-based business 18959 18978 100.1
education 170121 171955 101.1
shopping 37499 37584 100.2
other 112678 112455 99.8
total 861487 870569 101.1
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5.1 The ‘classic’ method

In the ‘classic’ method, the benefits from the potjare calculated as follows. For instance
for commuters the number of travellers that stayhia train is taken to be 505571. The
number of ‘new’ travellers is taken to be 51308805571 = 7571 (in fact this is substitution
from other modes). The average travel time (trainghicle-time) in the reference situation
is 62.26 minutes for commuting. With the projedstls 61.62 minutes. This time gain is
used as the benefit for all stayers: 505571* (6B262) * (value of time for train
commuters). This value of time comes from the 19998 stated preference (SP) surveys
that Hague Consulting Group carried out for AVVr Hoe new travellers the gain is (rule-
of-a-half): 7571* (62.26-61.62) * (value of timerfarain commuters) * 0.5. Repeating this

for all purposes gives the traveller benefits agable 3 (first row).

As can be seen from the above example and the marobérain travellers in Table 2, the
benefits to travellers are completely dominateditsy benefits of those that stayed in the
train. The new train passengers make up only aliétitof the total number of train
passengers in the project situation. Furthermoeeltbnefit for a new train passenger is

calculated as only half that of a remaining traasgenger.

In the second row of Table 3 are outcomes whemdieg not only the train in-vehicle-time
benefits, but also the gains in terms of in-vehtaiee (bus) during the access to the train
station and during the egress from the train stafthis is exogenous project input). This
more than doubles the time benefits of the projEse increase is caused by the fact that the
(large) railway stations that will be used mordhe ‘Rondje Randstad’ variant have better
bus/tram/metro connections, so the access andsegmess will be shortened. The benefits

in Table 3 are between 0.10 and 0.23 Euro per toain

14



Table 3. Traveller benefits (project minus reference)tfa full year 2020 in millions of
2003 Euro$

Method: Traveller benefits
Classic method, train in-vehicle time only 24
Classic method, including access/egress time 58
Logsum using SP values of time 44-51
Logsum using average costs 56

We did not calculate additional benefits for the esers due to the reduction of congestion
on the roads (that would be caused by substitditam road to rail), because the substitution
from car driver to rail was so small (about a thofdthe ‘new’ train travel) that the average

travel time by road did not change.

5.2 The logsum method

Logsums (dimensionless) were first calculated far teference situation 2020 and for the
project situation with shorter train times becao$ehe ‘Rondje Randstad’ project. Then,
logsum differences for the difference between #ference and the project situation were
produced. The logsums and logsum differences wegenally calculated per tour. These
outcomes were aggregated/expanded to logsums gsadniodifferences for combinations of

travel purpose and income class (with five incomasses, as used in the LMS).

For each of these two logsum types of differenblts MNL), we applied two different
methods for the conversion to money:

* Method 1: Translate the logsum differences to n@suusing the LMS travel time
coefficients (by purpose) and then translate fromutes to 1995 money values by
using the recommended values of time (from the 119¥MB stated preference (SP)
surveys that Hague Consulting Group carried out®¥gkK) by purpose and income
group. Because the project studied (Rondje Rangd&arail project, and rail users

are affected most, we used the time coefficieras iff vehicle time and other time

4 The calculations were originally made in 1995 prices (as usthe current LMS version). For business travel
a factor 1.28 was used to go from 1995 to 2003 (averageactual wage rate increase) and 1.30 for the
increase in the values of time between 2003 and the forgeast2010 (Ecorys and 4Cast, 2004). For
commuting these values were 1.23 (consumer prices) a8 dnd for other travel the values were 1.23 and
1.11. For the conversion from an average working day to adall we used the factor 285 (Ecorys and 4Cast,
2004).
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components) of rail here. The values of time usexdthose by income class and
travel purpose (not by mode, but over all modesis Tnethod has a consistency
problem: it uses one set of implied values of tinoen the LMS to get the transport
demand impacts in minutes and another set of irdtion on values of time from SP

surveys to get the transport demand impacts in gnone

Method 2: Divide the logsums by the product of IMS cost coefficients and the
expected value of (1/cost) per tour (all by incortess and purpose). In a linear cost
model, division by the cost coefficients would hdneen sufficient for conversion to
money units. But here the costs enter the calculatiecause of the use of
logarithmic costs in the LMS mode-destination ckanodels. Moreover, the use of
the expectation of (1/cost) is only approximatetyrect. On the other hand, this
method does not use the information on values roé tfrom the SP survey and

therefore does not have the inconsistency probhainMethod 1 has.

The cost coefficients in the LMS are the samealbmodes (but differ between purposes

and income groups), but a problem is the treatroémbhodes and population groups with

zero costs (slow modes, car passengers, studéhes)LMS itself uses zero if there are no

cost and In(cost) for positive cost. For our cosi@r to money in method 2, we need to

divide by costs, and have to avoid division by zéro calculate this, we used the lowest

observed cost (we found that this is just belowuildgr, approximately € 0.45, and used 1

guilder here) per tour for modes and groups witto z®sts, so that these have will have a

small impact on the final resulfts.

Below the monetisation methods are described fdynff@r a given purpose and person

type):

We have utility functions of the form:

U =adn[C]+ oT + ...

in which:

C is costin 1995 guilders

® A cost formulation of the form In(cost+1) in the LMS vdinave been more convenient. This also gives zero
when cost is zero and a proper derivative for zerasddstuilder).
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T is time in minutes

O¢: 1 guilder isa. utils, or 1 util is 1d. guilders

a1 minute iso; utils, or 1 util is 1d; minutes
We also define:

LS = logsum value in utils

Now method 1 and 2 work as follows:

Method 1 (Value of time)

LS/a; = logsum in minutes
Logsum in guilder$= (LS/,).VoT

VoT comes from an external model, estimated ordtpteference data.

Method 2 (expectation of 1/ cost):

Conversion from utils to money:
E(@QU/0C) = E@/C) =a..E(1/C)
Therefore we get:
Logsum in guilders = LS#..E(1/C))

The outcomes for the logsum approach are showmlnheT3 above. The outcomes are in the
same range for both ways of monetising the logsMethod 1 with the current LMS we
have different results depending on whether wehgoclculations by income group (first
value given) or for all incomes at the same tinecg@sd value given). Differences between
the first and second method are due to the fattttigafirst method uses external values of
time (not from the LMS), whereas the second onBsusformation from the LMS. If values
of time as implied by the LMS coefficients wouldvieabeen used, both methods would have
produced approximately the same total monetary gdnaGenerally speaking the SP values
of time are larger than the implied average LMSugalof time for commuting for the lowest
income classes. Also the SP values of time exckhedLMS values for business travel,

shopping and other purposes. For commuting for higler income classes (these are

® When the model is a two-level nested logit (such asLti& mode-destination choice models for most
purposes), the time coefficient needs to be multipliecheylagsum coefficient (the differential of the logsum

with respect to time is.y, wherey is the logsum or tree coefficient that needs to be bet@emd 1 for global
consistency with utility maximisation).
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important categories for train travel), the SP ealof time are lower than those implied by
the LMS.

The project benefits for travellers (according tethod 2) by travel purpose are illustrated in

Figure 1.

Figure 1. Distribution of logsum change for Rondje Randstadr purposes (in millions of
2003 Euros for the full year 2020)
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It is clear that most of the benefits of Rondje &dad are accruing to commuters, with
business travellers second and travellers to sahuweérsity third. The division over
purposes is similar when using Method 1. One sh&akp in mind that about 58% of the
train tours and 55% of the train kilometres (onaaerage working day) in the LMS are

made by commuters.

Furthermore, the higher incomes groups are enjogiogt of the benefits, as can be seen
from Figure 2. Again the figure is for the secohdt for both method 1 the distribution over
income groups is very similar. Allowing for project income growth, the share of the
highest income group in total train tours in theMS forecasts is 55% and it is also 55% in

total train kilometres.
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Figure 2. Distribution of logsum change for Rondje Randstagr income grougs(in
thousands of 2003 Euros for the full year 2020)
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The logsum outcomes for the two monetisation metharg similar (see Table 3) to those
using the in train in-vehicle time and access/egréme gains and SP values of time
(‘classic’ method). This is just a coincidence. Thgsums take into account the changes in
all components of the utility functions: in-vehidiene, access/egress times, but also wait
time. In the logsum approach, the LMS time coedifits are used to go from gains in utils to
gains in minutes. These coefficients are not comsiswith the SP results used in the
‘classic’ method. Most of the values of time fronetSP are higher than those of the LMS
(at the average costs). Substantial differencesbeafound especially for shopping, other
purposes and for business (the LMS value of timesdwt include the employers’ value of

time for business travel, as the SP value of tioesj

" The income bands for net annual household income are: 0-€14B0800-18200; €18200-29500; €29500-
38600; >£38600.
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6. Summary and recommendations

6.1 Summary

At present, the method used in The Netherlandgdantifying the benefit for travellers of a
transport project consists of calculating the cleaing consumer surplus (in terms of a
reduction of generalised travel costs) for both theerent users of the directly affected
alternative and for new users. For the latter grihprule-of-a-half is used. This procedure
has a basis in welfare analysis. For projects aational scale, the LMS is often used to
produce demand changes and the resulting benefitavel time and costs. For regional
projects, the NRM (new regional models) are redylased, which use essentially identical
demand functions as the LMS. In this study, anradtitve approach is taken: instead of

consumer surplus in terms generalized costs tlgsudlm"” is used to calculate user benefits.

The theory on the use of the logsum change as aureaf the change in the consumer
surplus, to be used in project appraisal, was phéd in the late seventies and early eighties.
Nevertheless, the application of this theory incfical appraisals of transport projects has
been very limited, and most applications in tramspwaluation that the authors are aware of
have been undertaken only recently (after 2000 hot easy to find the reasons for the
inertia to use the theory in applied work. To saemeent it can be related to the complexity
of some of the theoretical literature, but the ddsgsum concept (with constant marginal
utility of money) is fairly straightforward to applit may also have to do with the fact that
in many countries there is no (national) model aysbased on disaggregate random utility
models. For the computation of logsum changesgdigmate Generalised Extreme Value
(GEV) models, such as the multinomial logit and tiested logit, are required, although in
the EXPEDITE project it proved possible to go b&awm a more aggregate model to the
implied underlying utility models. National disaggate transport models are in use in
Scandinavia, the Netherlands and Italy and regiandl urban models using these concepts
can be found in the same countries, France, theetdrKingdom, Australia, Israel and
especially the United States. It is therefore nopssing that the logsums applications in
evaluation took place in the USA, Scandinavia ahd Wetherlands. It is unlikely that the
computer run times for the calculation have beemagor obstacle for the use of logsums in

evaluation, since all the required inputs are alyemomputed in the standard procedures for

20



application of disaggregate models (calculation imdividual probabilities in sample

enumeration).

All applications reviewed use models that includeds choice. Some logsum applications
in project evaluation also use models for destimathoice and/or departure time choice.
The applications of the logsum concept in transpoofect appraisal all use the relatively
simple formulation with constant marginal utility money. It could be dangerous to assume
that the marginal utility of income would be comgtaver a wide income range (it is more
likely that it will decline with increasing incomeTheory has moved beyond that in the
nineties, but the later formulations are not inctical use. Similarly, recent work on taste

variation in policy variables has not become pradtior application studies.

A case study in the logsums as an evaluation measas carried out with the Dutch
National Model System (LMS), for a rail projecttime Randstad area (‘Rondje Randstad’).
We applied two different ways of monetisation of thgsum change in utils: method 1 that

uses SP values of time and method 2 that usexgee®@tion of (1/cost).

For the rail project studied, we found that thel@agtion of the conventional rule-of-a-half
approach leads to very different results dependmgvhether only the train in-vehicle time
changes or also the access/egress time change&kanento account. The logsum results for
this project also vary between the two differennetisation methods which were tested, but
the differences in outcomes are rather small. Mafstthe project benefits accrue to
commuters and the highest income group, who eadt® mmore than half of the train tours
and kilometres.

6.2 Recommendations

We think that replacing this approach by the logsyoproach would provide a number of
advantages:
* When using logit models as in the LMS, the logsurange also gives the change in
the consumer surplus, and in a more exact waytti@rule-of-a-half does, since it is

based on a linearisation.

» At present there is an inconsistency in the evadogtrocedure: for calculating the

changes in travel demand. The LMS is used, whichitssown set of implied values
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of time. Then the resulting time changes are meadtusing a different set of values
of time (from Stated Preference surveys, SP). Wlsémg logsums we can avoid the
use of external values of time (except in a methdadch we called ‘Method 1, of
monetisation that expresses the logsum changerintes first, and then through SP
values of time in money). On the other hand, the sBilies might contain
information that the LMS is lacking and it would leeen better to estimate the
transport demand models on a combination of theladla Revealed Preference
(RP) and SP data.

* The logsum method might seem to be much more coatpli than the rule-of-a-
half, but in fact a major advantage of logsumdhes ¢ase of calculation. Particularly
when several alternatives are changing, e.g. iestirthtion and time period choice
when traffic is reassigned in response to a prpjbetrule-of-a-half calculations can
get very complicated while the logsum ones are aaslyneed to be done anyway to
get demand. The logsum method can also easily rgiselts per population group

(the conventional approach can do this as welltlostis often a lot of extra work).

An advantage of the conventional approach is thiatmore transparent (but only in simple
situations) and more intuitive and therefore easleexplain to non-experts. On the other

hand, the transport models that produce the logsumalready common practice.

We believe the advantages of the logsum approaclogtveigh the disadvantages, but we
also think that further testing of the logsum metl® required. We recommend testing the
logsum approach for other schemes, especially ifgimway schemes (or a combined road
and public transport scheme) where the purposeiltmime mix is likely to be more
representative of the travelling population as alhand where the substitution effects
might be more important. The monetisation of logstimanges through external values of
time (as in Method 1) does not seem attractive,abee that would reintroduce the
consistency problem. Therefore at this stage weldvprefer to use the monetisation of the
logsum with the expectation of (1/cost) (Method 2).
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