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THE PRINCIPLES OF INTEGRATION IN URBAN TRANSPORT STRATEGIES
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ABSTRACT

Integration as a principle in urban trandppolicy is frequently advocated but rarely
defined. We suggest a range of typesintégration, and highlight the problems in
developing an effective integged strategy, given the numhsrvariables involved. We
argue that integration should designed to serve agreed @tijves of trasport policy,
rather than being an objective in its own right.

We then consider the principles for designamgeffective integrated strategy. We define
the concept of synergy, which adten advocated as a beibeff integration, and discuss
whether it, and other aggregation benefits shbtrue synergy, are achievable. We then
consider the alternative approach of usinggnation to overcome barriers, an approach
which is likely to be in cortict with pursuit of synergy, bunore likely to ead to readily
implemented strategies.

We then review a number of examples whirese principles have been applied, and
investigate them to assess whether synéagy been demonstrated. Generally we find
little evidence of synergy in othme indicators. We conclude with some more general
guidance on approaches to integration.

1 INTRODUCTION

There has been growing interest in recgatirs in the development of Integrated
Transport Strategies. Their origins can laedd to a growing realisation that a “predict
and provide” approach was unlikely to prawid solution to growing transport problems
(Goodwin et al, 1991), an acceptance that effartimprove the supply of transport had

to be matched by measures to contrahsport demand (IHT, 1996), and heightened
interest in the role of land use planningaasomplement to transport policy (Greiving
and Wegener, 2003). While several government agencies have recently advocated the
use of integrated approaches (e.cTRR, 1998; ECMT, 1995; EC, 2001), the more
visionary local authorities we appreciating the need for such approaches a decade
earlier (May and Gardner, 1990; May, 1991;yMand Roberts, 1995). However, there is
still considerable confusion as to whatneant by integration, and how best it can be
achieved.

This paper discusses the miples of integration. Irit we offer a set of possible
definitions, and then outline possible prineplon the basis of which integration might
be achieved. We then consider in gredtsail two possible approaches: the pursuit of
synergy and the removal of barriers. \lastrate these with a number of examples
taken from predictive analyses. We then adeisthe role of sensitivity analysis as a
means of identifying possible combinations paflicy instruments. We conclude with
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broad guidance on the ways in which pairgpolicy instruments might be combined to
achieve integration. Techniques for developing optimal transport strategies offer an
analytical approach to thdesign of integrated strategi (May et al 2005).

2 THE MEANING OF INTEGRATION

As noted above, several government publicatloase advocated an integrated approach,
with the UK government goings far as to spdyi integration asan objective of its
transport policy (DETR, 1998; DETR, 2000However, few policy documents define
what they mean by the term. At the operatideeel, integration of fares, services and
information provision within public transpohas always been an important concern.
There is, in practice, a more strategic formirgégration, which is directly relevant to
strategy formulation: the integfion of policy instruments tachieve greater performance
from the overall strategy. Such intagon can occur in four broad ways:

1) integration between policy instrumts involving different modes;

2) integration between policy instrumentinvolving infrastructure provision,
management, information and pricing;

3) integration between transport measwaed land use planning measures; and

4) integration with other policy areasich as health and education.

There is inevitably some overlap between these. Integration of types (1) to (3) draws on
the increasingly wide range of types thnsport and land use policy instrument
available. One problem faced in developinghsstrategies is the lack of information on

the performance of individual insiments. We return to this issue in the final section of
this paper.

While a combination of policy instrumentslilsely to perform diffeently against a given
objective from any one of the constituemstruments alone, the impact of the
combination will depend on ¢htypes of instrument and the levels at which they are
implemented. Much will depend on their alyilib influence the undlying attributes of
numbers of journeys, journey length, modalrehand, to a lesser extent, time of day and
route taken. Some instruments will alsorg@the transport supply, and hence the costs
to users. Costs of implementation and operation and revenues generated will also be
relevant to the impact of the instrumentgna and in combinationAll of these will be
affected by the scale and intensity with whiclpolicy instrument is used; fare changes,
for example, can vary in magnitude, by timeday and potentially by route and area.
The number of possible policy combinationshigs very extensive, and our parallel work
on policy optimisation (May et al, 2005a) has been developed to iasisir analysis.

A carefully designed integrated strategy, partidyl of types (1) to (3), should be better
able to achieve the objectives set for it thay one or more policy instruments taken on
their own. Some of the forms of intetiom outlined above may prompt a wider set of
objectives; for example integration of traost and land use (type 3) may well raise a
wider set of development objectives, whiléegration with other policy areas (type 4)
will require an understanding of their objees (Jones et al, 2003). As with any
strategy, it is important to be clear ashode objectives beforedtstrategy is developed,
since the combination of policy instruments suitable for, say ptirsuit of economic
development will differ from those which best meet environmental or health targets.



A further type of integration is that between the agenicieslved in the specification
and implementation of this wide range mdssible policy instruments. The European
Commission’s guidance on thpreparation of Sustainable Urban Transport Plans
(DGEnv, 2004) usefullgistinguishes between:
e horizontal integration between agesxi and departments within a city
administration;
e spatial integration betweenjadent local authorities; and
e vertical integration b®veen local, regional, national and European
administrations.
Such integration also requires a common ustdeding of these agcies’ objectives,
and of their relative importance. Defining integration as an objeictiite own right, as
was done in the UK’s statements of spart policy (DETR, 1998; DETR, 2000) clouds
rather than clarifies the issue. One netxdbe clear what intgration is designed to
deliver, rather than seeing it as an end in itself.

3 POSSIBLE INTEGRATION PRINCIPLES

Most approaches to strategic integratiocu® on one of two types of principle: the
pursuit of synergy (May and Roberts, 19@8)d the removal of barriers (May et al,
2005b).

The pursuit of synergy involves finding p&ior groups of policy instruments which
reinforce one another in achieving changes in the transport system, such as modal shares,
or improvements against strategy objectivasch as efficiency or environmental
protection. Obvious examples are the provision ofkpand ride to reinforce a new rail

or bus service; the use offfic calming to reinforce the benefits of building a bypass;

the provision of public transpipror a fares reduction, totensify the impact of traffic
restraint; and the encouragement of neevelopments in conjunction with rail
investment. However, as will be shown lateng synergy is difficult to achieve through

these means, and it will help to defitlee term and its associated concepts more
precisely.

The removal of barriers implies identifyirigctors which hinder # implementation of

an otherwise desirable poliggstrument, and using a e instrument to overcome
them. Key barriers to any strategy willtei be finance, public acceptability, and
concerns that some members of society wél adversely affected. Integration can
contribute to the removal of b#rs in three ways. Firstiy can involve measures which
make other elements of the strategy finalhe feasible. Parking charges, a fares
increase or road pricing revenue may allseen as ways of providing finance for new
infrastructure. Secondly, integration caackage measures which are less palatable on
their own with ones which demonstrate a clear benefit to those affected. Once again an
example is to be found in road pricing, whattitudinal research demonstrates is likely

to be much more acceptable if the revenuesisd to invest in puial transport (Jones,
1998). Thirdly, integration can involve emures which compensate losers. The
selection of these depends on the side effedtich arise from other elements in the
package. For example, ropdcing could lead to extradffic outside the charged area,
which could be controlled by traffic managent, and could adversely affect poorer
residents, who could be helped by exemptions or concessionary fares. We consider the
issue of barriers more fully in Section 5 below.



4 THE CONCEPT OF SYNERGY

Policy instruments interact with each othedifierent ways. The term “synergy” is often

used loosely to describe the effects of positinteractions between instruments. It is
useful in practice to identify four terms thaéscribe how the different instruments in
policy packages combine with each other (Mayeres et al, 2003).

Complementarity
Complementarity exists when the use of twstimments gives greater total benefits than
the use of either alone. This canrbpresented usingétfollowing notation:

Welfare gain (A+B) > Welfaregain A, and
Welfare gain (A+B) > Welfare gain B

Additivity

Additivity exists when the welfare gain frothe use of two or more instruments in a
policy package is equal to the sum of thdfare gains of using each in isolation. This
can be represented as:

Welfare gain (A+B) = Welfaregain A + Welfare gain B

Synergy
Synergy occurs when the simultaneous usenof or more instruments gives a greater
benefit than the sum of the benebifsusing either one of them alone:

Welfare gain (A+B) > Welfare gain A + Welfare gain B

Additivity and synergy can therefore be considered as two special cases of
complementarity.

Perfect Substitutability

Perfect substitutability exists when the usfeone instrument eliminates entirely the
welfare gain from using another instrumerhis can be represented using the following
notation:

Welfare gain (A +B) = Welfare gain A = Welfare gain B

The term welfare gain is usdtere generically to refleche full range of net benefits
relevant to a given set of objectives. It denderived from a conventional cost benefit
analysis, or from a more extensive multi-criteria analysis, but should relate to the
underlying objectives of the authority coneed. It is perhaps worth asking why, in
these terms, anything other than complementarity should be achievable. In a simple
system, it seems unlikely that the application of two changes which are mutually
reinforcing should achieve more than the sunthefparts. For example, an increase in
frequency and a reduction in fare on a snbus route are both likely to increase
patronage, but both will to some extent attthe same users, and the increase from the
two combined is likely to be less than tHedm the sum of theiindividual impacts.
However, the transport-land use system igitg is not simple; interactions between
modes and routes, lags irspense and feedbablketween transport and land use could all



potentially result in discontuities in the impact of policinstruments which could give
rise to synergy.

S THE TREATMENT OF BARRIERS

A barrier is an obstacle which prevents aegi policy instrument beg implemented, or

limits the way in which it can be implemented. In the extreme, such barriers may lead to
certain policy instruments being overlooked, #mel resulting strategies being much less
effective. Barriers can be grouped intauf main categories (May et al, 2005b).

Legal and institutional barriersthese include lack of ¢ml powers to implement a
particular instrument, and legal respoiigibs which are split between agencies,
limiting the ability of the cityauthority to implement the affected instrument. A survey
of 54 European cities (May et al, 2001) icates that road building, pricing and land use
are the policy areas most commonly subjactlegal and institutional constraints.
Information measures are substantilys constrained than other measures.

Financial barriers:These include budget restrictions limiting the overall expenditure on
the strategy, finandiarestrictions on specific instnoents, and limitations on the
flexibility with which revenues can be uséad finance the full range of instruments.
Road building and public trapert infrastructure are the two policy areas which are most
commonly subject to financial constraints, with 80% of3AeEuropean cities surveyed
stating that finance was a joabarrier (May et al, 2001)nformation provision is the
least affected.

Political and cultural barriersThese involve lack of politad or public accgtance of an
instrument, restrictions imped by pressure groups, andltatal attributes, such as
attitudes to enforcement, which infuee the effectiveness of instrumenfthe European
survey of 54 cities showed that road builgliand pricing are the two policy areas which
are most commonly subject tonstraints on political accegbility. Public transport
operations and information provision arenggally the least affected by acceptability
constraints (May et al, 2001).

Practical and technological barrieré’hile cities view legal, financial and political
barriers as the most serious which they face in implementing land use and transport
policy instruments, there may also kwactical limitations. For land use and
infrastructure measures these may wetlude land acquisition. For management and
pricing, enforcement and administration arg kssues. For infragicture, management

and information systems, engineering desagna availability of technology may limit
progress. Generally, lack of key skills apdpertise can be a significant barrier to
progress, and is aggravatedthg rapid changes in the typef policy being considered.

Integrated strategies are particularlyeeffve in overcoming the second and third of
these types of barrier, andegration between authoriti@say help reduce institutional
barriers as well. This apart, it is usualtarder to overcome legal, institutional and
technological barriers in thghort term. It is often diffidtito overcome darrier without

to some extent reducing the performancéhef overall strategy. An approach which is
feasible within a given finandi@onstraint, or is modifiedo satisfy public opinion, is
almost certainly less effective when measuagdinst the underlgg objectives than one



which is unconstrained in these ways. eTpursuit of synergy and the resolution of
barriers are thus to some exttén conflict in the design ahtegrated strategies.

In the short term, a strategy designed torcvme barriers may ensure that something is
implemented, rather than risking outrigtdgjection of a better performing, but less
acceptable, strategy. However, strategies Ishideally be developed for implementation
over a 15-20 year timescale. Many of theseriers will not stil apply twenty years
hence, and action can be taken to remoterst For example, if new legislation would
enable more effective instruments suchr@ad pricing to be implemented, it can be
provided, as has happened to a limited extent in the UK. If split responsibilities make
achieving consensus impossible, new stregducan be put in place. If finance for
investment in new infrastructure is justifigtle financial rules can be adjusted. Barriers
should thus be treated as challengesbéo overcome, not simply impediments to
progress.

6 SOME EXAMPLES

There is as yet little empaal evidence of the benefits efrategic intgration, partly
because the concept is sufficiently noveltfere to be few implemented strategies, and
partly because it would inng case be difficult to design @ost hoc evaluation which
successfully isolated the impacts of a corabon of policy instruments. We therefore
need to draw on analytical studies, mostvbich have focused on the pursuit of synergy.

We review these first, and then look at an example of an attempt at the same time to
overcome financial and acceptability barriers.

The London Congestion Charging Study

The investigation of beneficial interactions between instruments was only a side issue in
the research into congfion charging in London (May at. (1996)), as the emphasis was

on the impacts of road user charging its€lfve additional complementary strategies
(CS) were combined with alternative road user charging schemes to assess the potential
combined impacts:

CS1) Bus priorities and traffic calming

CS 2) Improved rail frequencies

CS 3) Improved bus and rail frequéxtogether with bus priorities
CS 4) New rail infrastructure

CS5) A combination of 3 and 4.

The study found that when adding congestioargls to each of trebove strategies the
highest additional economic benefit differadcording to the congeésh charge level.

For example (Figure 1), at a congestion chdegel of £2 for crosing the cordon the
combination of congestion charging and bus priorities and traffic calming generated the
most economic benefit. With the charge£8t improved rail frequencies generated the
largest economic benefit. Across all charges Strategy 5 generated the least extra
economic benefit. The surprising resuléattitongestion chargingerforms better alone

than with complementary strategies throughoutimof the range of @rges tested arises
because the resource costs of the complementary strategies have to be offset against their
benefits, and some of those benefits, paldidy through congestiorelief, are already
achieved by the congestion charging scheme.



Figure 1 Economic Benefit of Congestio@harging with Complementary Strategies
(CS) in London
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The PROPOLIS study of Dortmund

The PROPOLIS study (Lautso et al, 200ghnducted a comparative study of the
performance of a range of policy instrunenand selected conmations, in seven
European cities, using three different lané transport interaction models. One of the
case studies was Dortmund, for which the gobptions were tested using the IRPUD
model (Wegener, 1998). For this particutase study, a specifictatmpt was made to
identify synergy (Wegener, 2004). PROHRGLdeveloped a comprehensive set of
outcome indicators for the environmentapcial and economic dimensions of
sustainability, and a weighted aggregatiorth@fse for each of the three dimensions; it
also used a conventional set of transporisiied to monitor performance (Lautso et al,
2004). The Dortmund analysis of synergywewer, was limited to a set of transport
statistics and one outcome indicator: £gmissions, as shown in Table 1.

Table 1: Evidence of synergy between incased car operating costs, faster public
transport services and lower fares for Dortmund (Wegener, 2004)

Strategy tested Difference from reference scenario in 2021 (%)
Trips Mean |Percent |Percent |Car-km |Car CO,
trip public |car trips | per owner- |emissio
length |transpor capita |ship n per
t trips capita
A Car operating costs +75% —-2.78| —14.77| +6.49| -3.61| —-20.98| -6.24| —18.89
B Public transport times —5% 0.00f +0.02| +1.15| -0.06| -0.12| -0.05| -0.04
C Public transport fares —50% +0.75| +2.49| +11.84| -042| -0.68| +1.95| +1.62
Total -2.03| —-12.26| +19.48| -4.09| -21.78| —4.34| -17.31
D Combined (A+B+C) -2.00| -11.35| +26.68| -4.93| —23.03| -3.88| —-17.43




The combination illustrated in Table 1 invodvancreases in car operating costs by 75%,
potentially through fuel taxes or distadoased charges; redng public transport
journey times by 5% through bus prioritiaad similar measures; and halving public
transport fares. It shows significant sygerin its ability to attract trips to public
transport, with an increase 35% highearththat from the sum of the constituent
elements. There is also aeavidence of synergy for car trips and car-km. As a result
there is a modest indication of synergy for Q#missions, with the combined reduction
just under 1% greater than that for the spfimthe constituent elements. The question
arises as to why synergy should appear@meints of the overall travel pattern, but only
to a very limited extent in performanceaaust aggregate policy indicators such as.CO
One possible answer is thiltese synergistic e@mges in, for example, public transport
use are balanced by changes in other modeéskments of travel, within more stable
aggregate values, such as travel time budgktgurn, these aggregate constraints may
limit the achievement of broader synergy.

The Edinburgh integrated strateqgy study

The Joint Authorities’ Transport and Eramment Study (JATESwas commissioned by
the Scottish Office, Lothian Remial Council and Edinburgh Digit Council in 1990 (May

et al., 1992). The clients sought a range aisfie strategies to raethe identified broad
objectives of efficiency in thase of resources; @essibility within thecity; environmental

enhancement; safety; economic develeptmequity; and financial feasibility.

Four possible land use and development scenar@e specified, anidr each the future
problems were identified, assuming a "do-mininistrategy. These salts were then used
to identify a number of policy instrumentwhich could be used to overcome these
problems. These in turn were packaged ihiee hypothetical strategies, focusing on
highway improvements; rail and public tranggorprovements; and ber management of
the existing infastructure.

Extensive sensitivity t&#ing of individual instrumentsvas then conduatieto sort the
possible policy instrumenisto three categories:
a) those which were clearly beneficial;
b) those which were not amduld be rejected; and
c) those whose range of impacts were both positive and negative, and merited further
investigation.

Those in category (a) were pipally low cost means of managing the transport system
more effectively; they included traffic managent, signal coordination, bus priorities and
traffic calming. Those in category (b) wepgimarily infrastructure projects, and the
majority of inherited infrastructure proposalvere rejected as Viag costs which far
exceeded their benefits. Thosecategory (c) were in manyays the most interesting.
They included the three most cost-effectiveasfructure projects (twiight rail lines and a
relief road), fares redtions, a major pedestrianisatigmoject and a proposal for road
pricing in the city centre. Bferred strategies were then defined by combining the full set of
instruments in category (ajtv different combinations of those in category (c).



Since the finance avabl®e was uncertain, and road pnigiwas seen to be a particularly
sensitive issue, six combined strategies wevisdd. They were grouped into three pairs,
one with road pricing (C1, C3, C5) and one with@f, C4 and C6). Of the three pairs, C1
and C2 involved a high finantiautlay; C3 and C4 a moderdiaancial outlay; while C5

and C6 were designe pay for themselves. Other instruments included were those
considered most likely to inease economic efficiency withingtinancial constraint. This
approach offers an interesting application dhlqrinciples of integration: synergy between
policy instruments is being sought, while a¢ thame time an attemnjs being made to
overcome financial and acceptability barriers.

Figure 2 presents the resultsaof initial assessment of the sitxategies in tns of the net
present value of economic benefits (NPAfd the financial outla (Present Value of
Finance (PVF)) determined by discounting alitcand revenue streanasthe present day).
Higher values on the y-axis are preferabldhaving higher ecomic benefit, but higher
values on the x-ax require greatefinancial outlay. The ideal gdgion is thus towards the
top left of the figure. Thedure also shows the three initiglpothetical strategies: highway
(H), rail (R) and management (M).

It can be seen that the stgtgs which included road pricing achieved higher levels of
economic benefit at any level Bihance than those which exded it and that the benefits
obtained were much less sengtito the availability of finace with road pricing than
without. Indeed, it appears possible to desigrery effective strategy (C5) with no need
for net financial support, prowd that the revenues from roaidicing can be hypothecated.

It is clear that significant improvementsarerall performance can be achieved by careful
integration of policy istruments. Perhapsethmost dramatic inditian of this is the
substantial impraement achieved in the recommendedtsgies (C1-C6) when compared
with the initial hypothetical strategies (H,R,MAs with the other studies reported here, no
attempt was made in this diuto investigate the existence of synergy, but the results
suggest that, while complementarity vimsnd, true synergy was not present.



Figure 2 The economic and financial pgormance of the Combined Strategies
for Edinburgh compared to Initial Strategies
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7 THE APPLICATION OF SENSITIVITY ANALYSIS

The approach adopted in the above exampléssting a range of combinations of policy
instrument can be formalised through the application of sensitivity analysis. The
strategic model MARS has beered to represent the Edinburgh region in the UK. The
case study is described in more detail in May et al (2005a). The sensitivity approach
adopted was as follows:-

e A number of policy instruments wereairr in turn, at different levels over a
feasible range, and the results were réed in terms of welfare gains based on a
standard cost benefit analysis.

e The optimal level for each instrument was identified as that which maximised the
objective function (termed OF) — this svaeither an internal optimum or a
boundary value (the upper or lowanit of the practical range).

e Various combinations of policy instruments were then run with these optimal
values to investigate the possible synergy effects.

The sensitivity tests were performed &ach of the following instruments:

Peak fares (-50% to +100%)

Off-peak fares (-50% to +100%)

Peak frequencies (-50% to +100%)

Off-peak frequencies (-50% to +100%)

e Peak road pricing charge totenthe city centre (€2 to €6)
e Off-peak road prieig charge (€2 to €6)

e Parking charges in the ciggntre long stay (€2 to €6)

10



Parking charges in the citentre short stay (€2 to €6)
Road capacity changes peak (-10% to +5%)

Road capacity changes off-peak (-10% to 5%)

Fuel Tax increases (-50% to +300%)

Fuel efficiency improvements (1% and 2% p.a.)

The optimal, or practical, level for each ingtrent is shown in thérst row of Table 2.

The fares are set at their lower bound of —-50%. The frequencies and peak road pricing
variables are set at optimal values. Thepafék road charges aset at €2, which is the
lowest value tested; any increase gives atneg®F (the true optimum would be no off-
peak charge). The parking charges aretgsethe same values as the road pricing
variables to provide a betteomparison even though thesee not optimal for parking
charges alone. The road capacity changes and fuel efficiency are limited to what is
thought to be practical, while tlieel tax increase is limited t@flect political and public
acceptability constraints. The other rowsTable 2 show the spatial coverage, objective
function (OF) value or welfare gain andetipresent value of finance (PVF) for each
instrument. All benefits and financial imgditions were assessed over a 30 year period.

11



Table 2 : OF and PVF for optimal or pradical levels for individual instruments
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From these results we can note that in gdrfaras and fuel tax are the most effective
instruments in increasing the value of theegkiye function. Also peak instruments and
area-wide applicationare in general more effective thaff-peak and spatially limited
instruments. The table also indicates the implications for financial constraints; public
transport improvements require additionalafnice, while demand management measures
can provide finance.

Table 3 shows the results for various combinations of the previous instrument levels
given in Table 2. The first the rows show the sum of tk values over the relevant
single instrument results, the OF value wham in combination and the implied synergy
effect. Synergy is defined here as in Section 4, with a positive sign indicating synergy.
The final row shows the PVF for the combined strategy.

Table 3: OF and PVF for combinations and possible synergy effects (€M)
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OF of Combination 4487(1 4561.5 3797.0 4372.2 35980.6 2050.2 2
Possible Synergy -653.2 -90.8 -223.8 -41.5 -29.3 9.5 -179.2
PVF of Combination 64500 4910.9 -2704.2 6263.4 -2233.8 828.4 874.9

213.0
033.8

The first strategy combines all instruments airtlyiven levels. It results in an OF value
some €653M lower than the sum of the undiial effects.
implement all instruments at their own iopal levels simply because they give
improvements when applied individuallyThe second strategy shows the effect of
removing the parking charge and road pcinstruments. Again a negative synergy
value is the result. However, the secondtsgy gives a better OF value than with the
parking and road pricing charges includedisTis because the charges overlap and are
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applied to the same element of generalised cost for some trips. Here we have identified
that these instruments exhipartial substitutability.

The third strategy removes fuel tax increases and looks at the effect of applying peak
cordon and long stay parking charges with the other instruments. Once again the
negative synergy effect implies that thé&sesome obvious overlap between the cordon
and parking charges and suggests that ifethvesre to be applied together some other
combination of charges wouldvg better results. Here we can conclude that the cordon
and parking charges also elxhipartial substitutability.

Strategies 4 and 5 show the effects for fafregjuencies and road capacity with fuel tax
or peak road charging respectively; in eaealse there is only one charging instrument
and no improvement in fuel efficiency. Agahere exists a smallegative synergy but
as the overlap between instruments beess then the model exhibits additivity
across instruments. Strategy 6 removes ¢aenges from the combination in strategy 5.
Here for the first time there is limited idence of synergy. Strategy 7 adds long stay
parking to this. Once againdie is negative synergy. dtso confirms that combining
the current road pricing cordon charges wle additional long ay parking charges
results in partial substitutability.

The synergy effects for the given combinatiappear to imply that the model is largely
additive across instruments i.e. there idelithteraction between them. Only when an
instrument affects the same element of gdise@ cost, as is the case with the parking
charges, cordon charges and fuel tax for soandrips is therany non-additive effect.

Regarding the PVF values, Table 3 shows thtdtre reductions are to be implemented
then these can only be affordbg including the complementaigstrument of fuel tax
increases. Increased frequencies andongad capacities can be afforded by including
the cordon charges and, as noted abovectmination exhibits a small amount of true
synergy In general, it is possible to use @& and PVF values together to identify
combinations which maximise performance within a given financial constraint.

These model results have desged the concepts of comementarity, additivity and
substitutability for a selection of instrument8ure synergy effestwere only found to be
present to a very limited extent with thevgm objective function and instruments tested,
largely because many combinations of insteats appeared to be additive in their
effects. It is of course gsible that synergy could beeidtified in an extended set of
such tests, but the evidence to date suggest# thhay well prove to be of limited extent.

8 GENERAL DESIGN GUIDANCE

As noted earlier, one problemitivthe design of integratedrategies is the sheer number
of different types of policy instrument which che used. As a resuit,is difficult to be
certain how each combination of instruments wileract in generalet alone being able
to predict their potential in any one corttexIin this paper we have introduced the
concepts of different types of integratiomdaof the potential fomtegration to achieve
complementarity, additivity and synergy, tr help overcome bagis of finance and
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acceptability. Some guidance is now itatdle on ways of applying them to the
development of effective integrated strategies.

The web-based knowledgebase, KonSU[Rttp://www.konsult.leeds.ac.uk), whose
development is described in Jopson e(28l04), considers some 60 different types of
policy instrument, grouped into six categsridland use; infrastructure provision;
management and regulation; information primns attitudinal chage; and pricing. It
assesses the potential contribution of each tange of policy objectives, in different
contexts, both from first principles and on thesis of well documented case studies. It
also attempts, for each policy instrument, to identify those instruments which might
complement it by reinforcing its benefiti€t pursuit of synergypy reducing financial
barriers, by reducing politicaind acceptability barriersnd by compensating losers.

Figure 3, taken from the Decision-MakefSuidebook (May et al2005b) produced as
part of the European Commission’s Laktse and Transport Research programme
(http//www.lutr.net), provides a high leveummary, suggesting ways in which the
different types of policy instrument canmaplement those in ber categorig, through
one or more of these approaches to irggn. For example, reading the last row,
pricing instruments can complement land osssures by reinforcing their benefits (e.g.
by using higher distance-based charges etacourage short ymneys in mixed
development) and by compensating loserg.(éhrough concessionary fares or lower
parking charges for those living in particutggpes of development)Similarly, pricing
can complement infrastructure and management instruments by reinforcing their benefits
(e.g. through road pricing or parking chasg® encourage use of light rail or bus
services); by reducing their financial rbars (through the reveie generated from
charges and fares); and by compensating ldsgain through caressionary fares and
exemptions). The matrix can clearly only\a&as a broad design gei, but it may help

to stimulate policy makers to consider adei range of solutions to their transport
problems. Current researchiiwestigating the potential fancorporating this guidance
into new tools for strategy option generation (Jones, 2005).

Figure 3 An Integration Matrix

These contribute to these instruments in the ways shown

Instruments Land | Infrastructure | Management | Information | Attitudes | Pricing
use

Land use %* %

Infrastructure | ¥4 ® ®

Management | %+ *©+ * *¥O+

Information * *© *¥©4 * *©+

Attitudes *®© *© *® ®

Pricing * 4 *O+ *O+ ©©® *

Key: ¥ benefits reinforced

@ financial barriers reduced
@ political barriers reduced
== compensation for losers

Source: May et al (2005b)
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9. CONCLUSIONS

Integration as a principle iarban transport policy is fregntly advocai, but rarely
defined. A distinction can be drawn betwesperational integrain, usually of public
transport, strategic integration between sgort policy instruments with land use, with
policy instruments in other secs, and institutional integiah within and between local,
regional and national government All are important. Given the range of policy
instruments and the scales at which they can be implemented, design of effective
integration strategies is wplex. Integration should be designed to serve agreed
objectives rather than as ahjective in its own right.

Most integrated strategieseadeveloped either in pursuit eynergy, or as a means of
overcoming barriers, or both. Synergy asrmkdiis a special case of complementarity, in
which the benefits from the sum of theemlents is greater than the sum of their
individual benefits.

The case studies investigated in this paper diti@vevidence of synergy in performance
against objectives, though there is some e&awig@ of synergy in responses within the
transport system, such as trips by a given mdidis.not clear why this is. It may be that

synergy is harder to achieve with a segbbjective, since the instruments which
contribute to it will to some extent duplicate car@other in their impacts. It may be that
synergy becomes more apparent when objestare in conflict, though much will then

depend on the balance between these objectives.

It should be stressed that few of the stgdreviewed were designed specifically to
investigate synergy. More search is needed to inviggite the concept, and more
examples of the analysis of integrated sti&te would be welcome. Further application
of strategic transport and land use models belineeded to test whether the concept, as
applied to transport strategy, is achievablelasgely ephemeral. In the meantime it
appears that complementarity isnare realistic goal than synergy.

Financial and acceptability barriers, in partar, can be overcome by careful integration
of different policy instruments, thus dreasing the chance dhe strategy being
implemented. However, the overall benefit i®likto be less; thus the use of integrates
strategies to overcome barriers is likely be in conflict with the pursuit of
complementarity.
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