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PREFACE

This is the final report of a research study commissioned by the
Netherlands Ministry of Transport, Public Works and Water Management.

The

study is one part of the Ministry's effort to determine the effects of the
Dutch Government's 1990 transportation policy statement known as the Second
Transport Structure Plan (SW) .
1.

It had three major objectives:

To design a methodology that can be used to help explain which
actions taken in response to the SW caused what observed effects.

2.

To demonstrate the methodology on a subset of the SW actions.

3.

To document the methodology so that it can be applied more broadly
at some future time.

The study was a joint effort of the European-American Center for
Policy Analysis (EAC), which is part of RAND, and members of a Ministry
project called Meten is Weten ("To Measure is to Know").

The Meten is

Weten project (abbreviated M=W) has been involved in defining indicators
that can be used to measure the impacts of the SW actions, and collecting
data on those indicators.

This study used some of the indicators and some

of the data from the M=W project.
Warren Walker and Allan Abrahamse are staff members of RAND and the
EAC.

Henk Kleijn is a member of the Rijkswaterstaat's research department

(AW) , which is part of the Ministry of Transport, Public Works and Water
Management.

He is also a member of the M=W project team.

For further information or additional copies of this report, contact
RAND in the United States as shown on the inside front cover.

In the

Netherlands, contact the Ministry or the European-American Center, as shown
below.
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SUMMARY

In 1990, the Netherlands published a Government Decision known as
the Tweede Struetuurschema Verkeer en Vervoer (SW) , or Second Transport
Structure Plan, which was a statement of the country's long-term traffic
and transport policy.

It describes the problems that have been brought

about by the ever-increasing mobility of its population (e.g.,
decreasing accessibility of economic centers; worsening pollution and
road safety), some goals and targets that the Dutch government would
like to achieve to improve the situation, and a wide range of actions to
be taken to achieve those targets.
The project reported on here is a first step in carrying out a
full-scale policy evaluation of the SW.

Its purpose was to develop a

methodology that might explain which SW actions (which we call tactics)
caused what effects (which we call impacts), and to demonstrate that
methodology on a subset of the SW.

Although few SW tactics have been

implemented so far, it was expected that the methodology developed in
the project would be useful for a more complete evaluation of the SW at
a later time.

Therefore, the project had three primary objectives:

•

To design a policy evaluation methodology.

•

To demonstrate the methodology on a subset of the SW tactics.

•

To document the methodology so that it can be applied more
broadly at some future time.

This report documents the methodology and the demonstration.
The first task in the project was to place the information in the
SW into a structure that would make it easier to link the SW tactics
to their impacts.

From a policy analysis perspective, the SW is a

complex and sometimes unclear document.
impacts together.

It mixes goals, tactics, and

It rarely explains how implementation of a particular

tactic is likely to lead to the desired impacts.

Often the chain

between an action and its intended impacts is long and complicated.
Since the project was to design a methodology to relate policy actions
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to their impacts, we needed a way to clarify these linkages.

To do

this, we restructured the information in the SW into an expected

interaction matrix (EIM), a table in which the rows identify SW
tactics,

the columns identify impact measures, and the entries indicate

how we expected a specific tactic to affect the corresponding impact
measure.

Two additional columns in the table identify the chain linking

the tactics to their expected impacts.
The complete EIM, which contains 240 rows, provides a succinct
summary of the goals of the SW, the impacts being used to measure
progress toward their attainment, and the tactics being used to try to
attain them.

It also provides a mechanism for monitoring the SW's

implementation.

The process of constructing the EIM and an examination

of the finished product provide a number of insights into the SW and
its implementation.

•

Among these are the following:

Very few of the SW actions represent concrete changes in the
transportation system.

Most are research and planning actions

or the production of documents whose implementation cannot be
expected to result in measurable changes to any of the impact
measures.
•

Most of the tactics are aimed (in one way or another) at
reducing the use of the automobile.

•

Most of the tactics that do represent concrete changes in the
transportation system have not yet been implemented (or have
been implemented only in experimental situations).

For

example, only 10 SW tactics aimed at affecting the use of the
automobile had been implemented by the end of 1992.

We believe the EIM can continue to play a useful role for the
Ministry of Transport,

Public Works and Water Management.

We recommend

that the Ministry continue to update it and use it in the following
ways :
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1.

To identify the parts of the Ministry that are responsible for
accomplishing each of the various goals, so that they might
work jointly to achieve their common goals.

2.

To store information on the impacts of the tactics.

3.

To keep track of the implementation of tactics.

This would

require the addition of the information on implementation to
the EIM and yearly updates of this information.

(This

information is difficult to obtain at the present time.)

The SW tactics we chose for the demonstration of the methodology
were those whose primary purpose was to reduce car mobility (i.e.,
reduce growth in automobile use).
to reduce air pollution.

One of the stated goals of the SW is

Within the transport sector, passenger cars

make a substantial contribution to air pollution.

Within its span of

control, therefore, the Ministry believed that it could reduce air
pollution by reducing the amount of traveling people do by car.

Thus,

the SW includes many actions designed to contribute to the
intermediate-level goal of reducing car mobility--e.g., building carpool
lots and not allowing the relative price of public transportation to
rise.
We specified a general methodology for addressing the problem of
deciding which SW tactics are effective in achieving targets and which
ones are not, and we demonstrated it on the car mobility tactics.

The

methodology should be applicable to any subset of the SW tactics.
The methodology proceeds in three steps:

1.

Create an analysis file that contains the necessary data, in a
form that can be used for the analysis.

2.

Use the analysis file for a descriptive analysis that shows, in
a simple way, the relationships between tactics and impacts.

3.

Test the relationships found in the descriptive analysis using
formal statistical techniques.

The analysis file contains data on three classes of variables:
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•

Performance measures for some of the goals of the SW.

•

Tactic markers, which describe where, when, and how a tactic
was implemented.

•

Externalities, which measure things that might confuse the
relationship between the tactic and its impacts.

In the demonstration, the performance measure was person auto
kilometers per year; the tactic marker indicated how many kilometers of
new highways had been built by year; and the externalities included
measures of population, the economy, and the highway infrastructure.
The descriptive analysis suggested the hypothesis that building new
roads led to an increase in mobility.
support for this conclusion.

Statistical tests provided good

They showed that each additional kilometer

of new main national highway increased car mobility by about 19 million
kilometers per year.

They also showed that, had no roads been built

during the analysis period (1986-1991), mobility would probably have
increased anyway, but not as fast as it did.

As for externalities, the

statistical tests showed that mobility increases as per capita income
increases and as the number of people of driving age increases.
The demonstration revealed that much essential data for policy
evaluation are not available or are difficult to obtain.

For example,

one factor that limited our ability to produce more useful insights and
stronger conclusions in the mobility area was that, aside from road
building, it was difficult to identify when and where tactics were
implemented (i.e., it was difficult to determine tactic markers).

Also,

we were able to find very little provincial-level data on impacts or on
externalities.
We have no doubts that the methodology described in this report can
be useful in evaluating the impacts of SW actions in the future.
However, we suggest that preparation for the next use of the methodology
include the following:

1.

Creation of data files of impact measures and externalities at
a provincial level or by transport region.

Few of the data

elements needed at the provincial level appear to be available
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in published sources.

In the future, policy analyses and

evaluations will need to be done by transport region.

To

obtain data on either regional level, it will be necessary to
make direct arrangements with the sources of the data.

This

may take some time, but once the arrangements are in place, it
should be possible to maintain the relationships into the
future, allowing easy updates of the analysis file.

Such

arrangements may also mean that the data will be available
earlier than they would be if only published documents were
used.
2.

Creation of a data collection system to keep track uf the
implementation of SW actions.

3.

Expansion of the time series in the analysis file to include at
least ten years of data instead of six (waiting another two
years until more tactics are implemented, and adding another
two years at the beginning of the time series).

4.

Employment of an applied statistician at the Ministry who is
able to use the methodology and interpret the results.
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SAMENVATTING

In 1990 is in Nederland het Tweede Structuurschema Verkeer en
Vervoer (SW) verschenen.

In dit regeringsbesluit is het verkeers-en

vervoerbeleid voor de langere termijn weergegeven.

Het beschrijft de

problemen die zijn veroorzaakt door de aldoor groeiende mobiliteit van
de bevolking (zoals de afnemende bereikbaarheid van economische centra,
de toenemende luchtvervuiling en de verkeersonveiligheid), een aantal
doelen en doelstellingen die de overheid graag zou willen bereiken om de
situatie te verbeteren, alsmede een heel scala aan maatregelen die
genomen moeten worden om deze doelstellingen te bereiken.
Het onderhavige project is een eerste stap op weg naar een
alomvattende beleidsevaluatie van het SW.

Het doel was de ontwikkeling

van een methodologie waarmee bepaald kan worden welke maatregelen
(tactics) uit het SW welke effecten (impacts) veroorzaken, en om deze
methodologie, bij wijze van voorbeeld, toe te passen op een
deelverzameling van het SW.

Alhoewel tot nu toe slechts enkele

maatregelen geimplementeerd zijn, bestaat er de verwachting dat de
methodologie die in het project ontwikkeld wordt, van nut kan zijn voor
een meer volledige evaluatie van het SW in de toekomst.

Het project

kende daarom primair de volgende drie doelen:

•

Ontwerpen van een ex-post evaluatie-methode;

•

Toepassen van de methode op een aantal maatregelen uit het SW;

•

Verslagleggen van de methode opdat deze in de toekomst op
grotere schaal kan worden toegepast.

Dit rapport beschrijft de methode en de toepassing.
De eerste stap in het project bestond uit het structureren van de
informatie uit het SW en wel op zodanige wijze, dat het verband tussen
de SW-maatregelen en de effecten ervan eenvoudiger te bepalen is.
SW is een ingewikkeld en soms onduidelijk beleidsdocument.
maatregelen en effecten worden door elkaar gehaald.

Doelen,

In het document

wordt zelden uiteengezet op welke wijze de implementatie van een

Het
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bepaalde maatregel tot de gewenste effecten zal leiden.

Het traject

tussen de maatregelen en de beoogde effecten is lang en ingewikkeld.
Omdat het doel van het project was een methode te ontwerpen waarmee
beleidsmaatregelen aan effecten gerelateerd kunnen worden, was het
noodzakelijk dat we een manier vonden om deze verbanden te verhelderen.
Daartoe hebben we de informatie uit het SW geherstructureerd tot een
verwachte interactie matrix {expected interaction matrix: EIM).

Dit is

een tabel waarbij de SW-maatregelen in de rijen staan vermeld, de
indicatoren ten aanzien van de effecten in de koloinmen staan opgenomen,
en de cellen aangeven wat de verwachte score is van een bepaalde
maatregel op de bijbehorende indicator.

Twee extra koloinmen in de tabel

beschrijven het traject tussen de maatregelen en de verwachte effecten.
De volledige EIM, die uit 240 rijen bestaat, geeft een beknopte
samenvatting van de doelen uit het SW, de effecten waarmee aangegeven
kan worden wat er bereikt is, en de maatregelen waarmee men dit probeert
te bereiken.

Met behulp van deze methode kan ook de implementatie van

het SW gevolgd worden.

De ontwikkeling van de EIM alsmede de

resultaten, geven inzicht in het SW zelf en de wijze waarop het SW
wordt uitgevoerd.

•

Een aantal van deze inzichten zijn:

Slechts een zeer beperkt aantal SW-maatregelen hebben
betrekking op concrete veranderingen in het transportsysteem.
Het overgrote deel van de SW-maatregelen heeft betrekking op
onderzoek en planning dan wel op het produceren van documenten,
waarvan geen meetbare veranderingen ten opzichte van een van de
indicatoren kunnen worden verwacht.

•

De meeste maatregelen zijn (op de een of andere manier) gericht
op het terugdringen van het autogebruik.

•

Het overgrote deel van de maatregelen dat betrekking heeft op
concrete veranderingen in het transportsysteem, is nog niet
geimplementeerd (of is slechts op experimentele basis
geimplementeerd) .

Bijvoorbeeld: slechts tien van de SW-

maatregelen die gericht zijn op het terugdringen van het
autoverbruik waren voor eind 1992 geimplementeerd.
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Wij zijn van mening dat de EIM voor het Ministerie een nuttige rol
kan spelen.

Daarbij bevelen we het Ministerie aan om door te gaan met

het bijwerken van het bestand en het op de volgende wijzen te gebruiken:

1.

Indentificeren van de afdelingen binnen het Ministerie die
verantwoordelijk zijn voor het bereiken van elk van de doelen,
om samenwerking te stimuleren teneinde de gemeenschappelijke
doelen te bereiken.

2.

Opslaan van de informatie over de effecten van de maatregelen.

3.

Volgen van de ontwikkelingen ten aanzien van de implementatie
van de maatiegelen.

Hiexvuox is het uuodzakelijk dat de

informatie over de implementatie aan de EIM wordt toegevoegd en
dat deze informatie jaarlijks wordt bijgewerkt.

(Deze

informatie is momenteel moeilijk te verkrijgen.)

De deelverzameling van SW-maatregelen die we gekozen hebben om de
methode te demonstreren, had betrekking op die maatregelen die primair
gericht waren op het terugdringen van de automobiliteit (i.c.,
vermindering van de groei in het autogebruik).

Het verminderen van de

luchtvervuiling is een van de doelen die in het SW vemeld staan.
Binnen de transportsector leveren personenauto's een substantiele
bijdrage aan de luchtvervuiling.

Het Ministerie is daarom van mening

dat zij, voor zover dat binnen haar bereik ligt, de luchtvervuiling kan
reduceren door het aantal reizigerskilometers per auto te verminderen.
Dientengevolge staan er in het SW veel maatregelen die gericht zijn op
het tussendoel vermindering van het autoverbruik.

Voorbeelden hiervan

zijn carpoolstroken en het verhoudingsgewijs (t.o.v. de auto) niet
verhogen van de prijs van het openbaar vervoer.
We hebben een algemene methode ontwikkeld, welke gericht is op het
probleem van het bepalen welke SW-maatregelen effectief en welke niet
effectief zijn ten aanzien van het bereiken van de doelen.

Deze methode

hebben we vervolgens toegepast op de maatregelen die betrekking hebben
op de automobiliteit.

De methode zou in principe toepasbaar moeten zijn

op elke deelverzameling van SW-maatregelen.
De methode valt in drie stappen uiteen:
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1.

Stel een analyse-bestand samen waarin de benodigde gegevens op
zodanige wijze opgeslagen zijn dat zij bij de analyse gebruikt
kunnen worden.

2.

Gebruik het analyse-bestand bij de beschrijvende analyse waarin
de verbanden tussen de maatregelen en de effecten op een
eenvoudige manier worden weergegeven.

3.

Toets de verbanden die in de beschrijvende analyse zijn
gevonden aan de hand van statistische technieken.

Het analyse-bestand bevat gegevens ten aanzien van drie groepen
variabelen:

•

Indicatoren voor een aantal SW-doelen;

•

Prestatie-indicatoren, die beschrijven waar, wanneer, en hoe
een maatregel is geimplementeerd;

•

Externe factoren, welke het verband tussen de maatregel en de
effecten ervan kunnen verstoren.

Het aantal personenauto-kilometers per jaar was bij de demonstratie
de indicator, de prestatie-indicator gaf aan hoeveel extra kilometers
autosnelwegen er iedere jaar aangelegd moesten worden, en de externe
factoren hadden onder meer betrekking op de bevolking, de economie, en
de autosnelwegen-infrastructuur.

Uit de beschrijvende analyse kwam de

hypothese naar voren dat het aanleggen van nieuwe wegen leidt tot een
groei in de mobiliteit.
conclusie.

Statistische toetsen ondersteunden deze

Zij toonden aan dat elke extra kilometer autosnelweg leidde

tot een groei van de automobiliteit met ongeveer 19 miljoen kilometers
per jaar.

Daarnaast toonden zij aan dat de mobiliteit gedurende de

onderzoeksperiode (1986-1991) waarschijnlijk pok was gegroeid als er
geen wegen zouden zijn aangelegd, alhoewel de groei dan minder sterk zou
zijn geweest.

De statistische toetsen gaven voor de externe factoren

aan dat de mobiliteit groeit als het inkomen per hoofd van de bevolking
en het aantal mensen van boven de 18 jaar groeit.
Bij de demonstratie bleek dat veel van de gegevens die essentieel
zijn voor een ex-post evaluatie, niet beschikbaar of moeilijk te
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ver'krijgen zijn.

Ons vermogen om meer bruikbare inzichten en hardere

conclusies te verkrijgen werd-afgezien van het aanleggen van wegenbeperkt omdat het moeilijk was te achterhalen wanneer en waar
maatregelen zijn geimplementeerd (het bepalen van de prestatieindicatoren gaf bijvoorbeeld moeilijkheden).

Daarnaast konden we erg

weinig provinciale gegevens verkrijgen ten aanzien van de effecten en de
externe factoren.
We twijfelen er niet aan dat de methodologie die in dit rapport
beschreven wordt, bruikbaar is bij een toekomstige evaluatie van de
effecten van de SW-maatregelen.

We raden echter aan om de volgende

zaken onderdeel te latcn zijn van dc voorbcrciding op ccn volgcnd
gebruik van de methodologie:

1.

Opstellen van gegevensbestanden ten aanzien van de maatregelen
en externe factoren op provinciaal niveau of per vervoerregio.
Slechts een aantal van de benodigde gegevens blijkt uit
publicaties te achterhalen.

In de toekomst is het noodzakelijk

dat evaluatie-studies per vervoerregio gedaan worden.

Om op

(ieder) regionaal niveau gegevens te verkrijgen dienen er met
de instanties die data verschaffen overeenkomsten te worden
gesloten.

Dit zal misschien wat tijd in beslag nemen, maar als

de overeenkomsten eenmaal zijn gesloten moet het mogelijk zijn
om het analyse-bestand gemakkelijk bijgewerkt te houden.
Dergelijke overeenkomsten kunnen eveneens tot gevolg hebben dat
de gegevens eerder beschikbaar komen dan wanneer alleen
gepubliceerde documenten gebruikt worden.
2.

Opstellen van een dataverzamelingssysteem om de ontwikkelingen
ten aanzien van de implementatie van de SW-maatregelen te
volgen.

3.

Uitbreiding van het aantal jaren in het analyse-bestand, zodat
tenminste gegevens over tien jaren in plaats van zes opgenomen
kunnen worden (het duurt twee jaar voordat er meer maatregelen
geimplementeerd zijn, en de andere twee jaar moeten aan het
begin van de tijdsperiode worden toegevoegd).
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4.

Aanstelling van een toegepast statisticus bij het Ministerie
die in staat is de methodologie te gebruiken en de resultaten
te interpreteren.
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GLOSSARY

CBS

Central Bureau for Statistics (Centraal
Bureau de Statistiek)

Dfl

Dutch Florin (guilder)

EAC

European-American Center for Policy
Analysis

EIM

Expected Interaction Matrix

externality

An event or variable other than the SW
tactic being analyzed that might
influence an SW outcome

goal

A generalized, nonquantitative objective
of a policy (e.g., "reduce air
pollution")

ha

Hectare

impact

A consequence of a tactic or policy
(also called an outcome)

indicator

A measurable impact. In this project we
used four types of indicators: (1)
tactic indicators, (2) intermediate
response indicators, (3) ultimate
response indicators, and (4) proxies.

intermediate response
indicator

The indicator that can be used to check
on the status of a specified tactic or
that represents an intermediate impact.

LPG

Liquid propane gas

measurement

The measured value of a proxy, qualified
as to time, place, and means by which
the measurement is taken.

Meten is Weten

To measure is to know, abbreviated M=W.

min km/yr

Millions of kilometers per year

mid km/yr

Thousands of millions (miljard) of
kilometers per year
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mobility

The amount of traveling carried out by
persons in a year. A proxy for mobility
is the product of the number of trips
taken by persons per unit of time and
the average trip distance. In this
study, we primarily focused on car
mobility (travel by car). Our proxy for
car mobility was PAR.

NS

Nederlandse Spoorwegen (the Dutch
national railway company)

outcome

See impact.

OVG

Onderzoek Verplaatsing Gedrag (Survey of
Travel Behavior)

PAR

Car kilometers per year (person auto
kilometers in English; personenauto
kilometers in Dutch)

policy

Set of actions taken by a government
that are designed to solve a set of
problems or achieve certain goals. The
SW specifies the current transportation
policy of the Netherlands.

policy areas

The 3 5 subproblems into which the SW
divides the four policy categories.

policy categories

The four broad problem categories in the
SW: (1) Environment and Amenity, (2)
Managing and Restraining Mobility,(3)
Accessibility, and (4) Strengthening
Foundations.

proxy

An indicator related to a goal, which is
often used to define a target (e.g.,
"the concentration of N0X").

SW

Second Transport Structure Plan (Tweede
Structuurschema Verkeer en Vervoer)

tactic

A single specific action taken by the
government whose implementation is
intended to help solve one or more of
the policy problems. A policy is a
combination of tactics.

tactic indicator

The indicator that can be used to verify
that a specified tactic has begun.

tactic marker

A variable that indicates when, where,
and how a tactic was implemented.
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target

The value of some proxy that one wishes
a policy to achieve to help reach a goal
(e.g., "in 1995, N0X emissions by road
vehicles in the Netherlands will be 20
percent lower than their 1986 level").
A target is a quantitative
operationalization of a goal.

ultimate response
indicator

The indicator that relates the effect
expected from a tactic directly to one
or more of the proxies used as columns
in the EIM.

1. CONCEPTUAL FRAMEWORK

1.1 BACKGROUND
In 1990, the Government of the Netherlands published a Government
Decision known as the Tweede Structuurschema Verkeer en Vervoer (SW) ,
or Second Transport Structure Plan, which was a statement of the
government's long-term traffic and transport policy [Second Chamber of
the States-General, 1990] .

It contains a statement of the problems that

have been brought about by the ever-increasing mobility of the
population (e.g., the decreasing accessibility of economic centers;
worsening pollution and road safety), some goals and targets that the
government would like to achieve to improve the situation, and a wide
range of actions to be taken to achieve those targets.
One of the actions spawned by the SW was the establishment of a
project called Meten is Weten ("To Measure is to Know," abbreviated M=W)
to design a methodology to measure the effects of the SW actions and to
implement that methodology in the Ministry of Transport, Public Works
and Water Management.

Until 1992, the project focused on defining

indicators to be used to describe how the problems identified in the SW
were changing over time and collecting data on those indicators (this
effort is called "monitoring").

In 1992, the Ministry asked the

European-American Center for Policy Analysis (EAC) to show it how it
might use the M=W data and other data to determine whether the SW
actions (which we call tactics) are having the desired effects (which we
call impacts).
The EAC project is a first step in carrying out a full-scale policy
evaluation of the SW.

Its purpose was to develop a methodology that

might explain which SW actions caused what effects and to demonstrate
that methodology on a subset of the SW.

Although few SW tactics have

been implemented so far, it is expected that the methodology developed
in this project will be useful for a more complete evaluation of the SW
at a later time.

Therefore, the project had three primary objectives:
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•

To design a policy evaluation methodology.

•

To demonstrate the methodology in one policy area.

•

To document the methodology so that it can be applied more
broadly at some future time.

This report presents the work that was performed on the project in
all three of the above areas.

Chapter 1 describes the conceptual

framework within which the information in the SW was placed.

It also

provides an overview of the methodology that was developed for
evaluating outcomes from the implementation of the SW.
of the document follows two parallel paths:

The remainder

(1) describing the

methodology in general terms and (2) showing how it was applied to the
chosen policy area.
The policy category chosen for the demonstration was the one that
the SW calls "Managing and Restraining Mobility."

The aims of the

policy actions in this category are to reduce the pollution, congestion,
and noise produced by the transport sector in general, and produced by
car use in particular.

Most of the actions, therefore, are directed

toward increasing the relative share of commuting via public
transportation, reducing the relative share via personal automobile, and
reducing the distances people travel.
1.2 POLICY ANALYSIS VS. POLICY EVALUATION
Policy analysis is a structured process for examining complex
public policy issues.

The purpose of policy analysis is to assist

policymakers in making choices among alternatives.

One of its tasks is

to predict the impacts of a potential policy before it is implemented.
Part of the analytical process involves predicting the impacts of
individual tactics, and part involves predicting the overall impacts of
a policy without sorting out the contribution of each individual tactic.
The impacts of both tactics and policies are usually predicted using
mathematical models, and many potential policies are compared to help
policymakers make a choice.
No matter how good the models used, nor how desirable a preferred
alternative may seem before it is implemented, the consequences of
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policy actions cannot be known in advance.

Until a policy is adopted,

implemented, monitored, and evaluated, it is merely a set of informed
conjectures about the relationship between policy actions and policy
outcomes.

Policy evaluation attempts to estimate the impacts of a

chosen policy after it has been implemented.1

Part of the evaluation

involves trying to identify what has been the impact of individual
tactics, and part involves trying to sort out the impacts of the policy
from changes that would have happened anyway.
An important part of a policy evaluation is feedback to additional
policy analysis.

Such feedback is rarely discussed in the policy

analysis literature and is even more rarely done.

Once the performance

of the implemented tactics and policy is assessed, it may be necessary
to use mathematical models to determine how to modify the tactics and
policy to have a better chance of achieving the (old or revised)
targets.

(Figure 1.1 shows the traditional steps of a policy analysis

study.)
1.3 THE LANGUAGE OF POLICY EVALUATION IN THE SW CONTEXT
One of the most difficult problems faced in performing an
evaluation of a complex policy like the SW is language—not the problem
of Dutch vs. English, but the problem of describing the many different
aspects of a complicated policy problem.

In this section we define a

number of words and concepts that were used consistently during the
project.

The consistent use of this terminology clarified our own

thinking and made communication between the Dutch- and English-speaking
members of our team (and with the M=W team) easier.

A glossary with

brief definitions of these and other terms appears at the front of this
document.
1.3.1 Problems and Goals
Loosely speaking, a Ministry's policy is a set of actions within
its limited jurisdiction that is taken to help solve a set of problems,
1

In the Netherlands, the term policy evaluation is used to refer
both to what we have called policy analysis and what we have called
policy evaluation. Usually the former is called "ex ante evaluation,"
and the latter is called "ex post evaluation."
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SOURCE: Walker et at., 1979.

Figure 1.1—Steps in a Policy Analysis Study
some of which may be beyond its control.

At the level of a state's

transportation policy, the problems generally relate to broad national
goals.

The SW tries to deal with tradeoffs among national

environmental, social, and economic goals.

In general, the problem it

addresses is how to maintain the Netherlands' position as a
transportation center, increase its attractiveness as a location for
business and industry, and provide personal freedom and an improved
standard of living, while limiting the environmental damage and other
negative effects from increased transport of goods and people.
summarizes this problem [Second Chamber of the States-General,
1990, p. 8] as:

The SW
(SW)

"striking a balance between individual freedom,

accessibility and environmental amenity."

Its overall goal is to

produce a sustainable society; i.e., "a society which meets the present
generation's needs without jeopardizing future generations' ability to
meet theirs."
The SW tries to deal with this complex problem by dividing it into
four parts or policy categories:
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1.

Environment and Amenity

2.

Accessibility

3.

Managing and Restraining Mobility

4.

Foundations.

Environment and Amenity refers to the fact that transport damages
the environment through air pollution, noise, visual intrusion, and
fragmentation of the countryside.

Transport also produces accidents and

contributes to anxieties about personal safety.

Accessibility refers to

the fact that traffic congestion is making access to the country's
economic centers difficult.

("The economic and social cost of

congestion has risen to some one billion guilders a year." [SW, 1990,
p. 5].) Managing and Restraining Mobility refers to the assumption that
the prime contributor to the environmental problems and the problem of
congestion is the automobile.

Foundations refers to the fact that some

of the underlying bases of transport policy are weak and need
strengthening.

These include communications, inter-authority

collaboration, finance, investment, enforcement, and research.

Of

course, all four categories are interrelated; solving the problems in
each category is expected to contribute to the attainment of the
national goals.
Each policy category relates to goals that, if met, would "solve"
its associated problems.
objective of a policy.

A goal is a generalized, nonquantitative
Within the Environment and Amenity category, for

example, two of the stated goals are "reduce air pollution" and "reduce
noise."
In many situations there is a hierarchy of goals.

For example, the

levels of goals might differ by time horizon (e.g., long term and short
term), or by organizational span of control.

In the case of the

environmental goals of the SW, there is a high-level national goal to
reduce air pollution.

However, the transport sector contributes only a

portion of the pollutants (e.g., 38 percent of the particulates and 23
percent of the carbon dioxide emissions).

So the Ministry can have only

a limited impact on the problem, which means that the impact of the SW
on the air pollution problem might be difficult to detect.
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Nevertheless, within the transport sector, passenger cars make a
substantial contribution to air pollution (e.g., 70 percent of the
carbon dioxide emissions).

Within its span of control, therefore, the

Ministry is likely to have the biggest impact on air pollution by
reducing the amount of traveling people do by car.

Thus, the Managing

and Restraining Mobility policy category of the SW has two
intermediate-level goals:

(1) reduce the use of the automobile and (2)

reduce personal mobility (the Environment and Amenity policy category
includes a third: build cleaner cars).

The assumption is that achieving

these intermediate goals will contribute to achieving the high-level
goal of reducing air pollution (as well as to the high-level goals of
reducing noise and congestion).
In a similar way, each of the intermediate-level goals may be
related to lower-level goals whose achievement is expected to aid in the
achievement of the intermediate-level goal.

For example, the

achievement of the intermediate-level goal of reducing car mobility can
be aided by increasing the average occupancy of cars, increasing the use
of public transportation, reducing the number of car trips, and reducing
the average length of car trips.

Figure 1.2 shows a portion of the SW

goal hierarchy related to the high-level goal of reducing air pollution.
1.3.2 Proxies, Measurements, and Targets
Determining whether a goal has been achieved involves measurement.
For any goal, an analyst will identify a number of things that can be
measured and that bear some relationship to the goal.

Analysts use the

word proxy to denote a measurable consequence of a policy that is
related to a goal.

For example, when the concentration of nitrous

oxides (NOx) becomes high, the air is said to be polluted.
the concentration of NOx is a proxy for air pollution.

Therefore,

However, the

concentration of NOx is not the same thing as air pollution.
Similarly, for the intermediate-level goal of reducing the use of
the automobile, an appropriate proxy would be the number of car
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Reduce Air Pollution

HIGH-LEVEL GOAL

LOW-LEVEL GOALS

Reduce personal
mobility

Reduce
car mobility

INTERMEDIATE-LEVEL GOALS

Increase car
loading

increase use
of public
transport

Reduce
number of
car trips

Build cleaner
cars

Reduce
length of
car trips

Figure 1.2—A Portion of the SW Goal Hierarchy for Air Pollution
kilometers driven (which we abbreviate PAK, for "person auto
kilometers").

Note that the relationship between reducing the value of

PAK and the national goal of reducing air pollution is much weaker than
the relationship between reducing the value of N0X and reducing air
pollution.

But it is much more likely that we would be able to detect

the influence of SW actions on the intermediate-level proxy (PAK) than
on the high-level proxy (N0X).
A measurement is the measured value of a proxy, qualified as to
time, place, and the means by which the measurement was taken.

Thus,

one could measure the number of PAK driven by Dutch drivers in a year by
asking a sample of Dutch citizens to keep track of their driving
behavior during the year.

At the end of the year, a measurement of the

total level of PAK driven by Dutch drivers could then be produced by
extrapolation from this sample.
A target is the magnitude of some proxy that one wishes a policy to
achieve.

It is a way of operationalizing the idea of "solving a

problem" by achieving certain goals.

If a policy specification includes
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targets for the proxies (as is true of many policy areas in the SW) ,
the policy can be said to have succeeded if these targets are met.

If

the problem is "too many cars on the roads," a target might be described
as "keep the increase in PAK between 1986 and 2010 to 35 percent," with
a qualifying discussion explaining the means by which the measurement is
to be taken.

Usually, when there is a target measurement, there is also

a baseline measurement--a known measurement of the proxy (in this case,
its 1986 value).

Sometimes the "do nothing" situation is taken as the

baseline--the situation that will develop if no additional policy
actions are taken.

(The SW estimates that the "do nothing" value of

the PAK increase between 1986 and 2010 would be 70 percent.)
1.3.3 Tactics
The second dimension of a policy problem is the set of actions
taken to solve the problem.

We refer to these actions as tactics.

A

tactic is a single specific action taken to help solve one or more of
the policy problems.

•

The SW identifies a number of tactics, such as:

Require all cars sold to meet the U.S. 1983 pollution
standards.

•

Lower the speed limit on all major highways.

•

Raise the tax on gasoline.

•

Curtail free parking in city centers.

A policy is a combination of tactics.
of tactics.

The SW contains a large number

Sometimes the relationship of the tactic to the SW's goals

and targets is explicit (e.g., "Introduce a peak hour surcharge on the
annual vehicle tax to encourage people to travel to work in other ways
than by car.")

However, often the relationship is implicit.

For

example, one tactic is to improve and extend cycling facilities.

There

is an implicit assumption that, if this happens, people will reduce
their use of the car.

Within each of the policy categories, the SW

defines policy areas, which link the goals of the policy category to
tactics that are to be used to approach those goals.

For example, in

the Managing and Restraining Mobility policy category, one policy area

-9-

is "concentrating housing, employment, leisure and other public
facilities [to shorten travel distances]."

Another is "pricing policy"

(e.g., "charges will be introduced on certain sections of the road
network and at certain times)
identifies 35 policy areas.

[to discourage car use]."

The SW

Those that relate to the goals of the

Managing and Restraining Mobility policy category (some of which appear
within the discussions of other policy categories--particularly the
Accessibility category) are presented in Table 1.1.
In the SW, there is often a long, not well understood, implicit
chain that links tactics to goals.

In fact, the links may go from

tactics through several hierarchical levels of goals and yxoxies in
order to affect the high-level national goals and proxies.

Table 1.2

illustrates a portion of this hierarchy for tactics designed to reduce
air pollution.

The dashed lines in the table refer to the hierarchy of

goals presented in Figure 1.2.
Subsequent to the publication of the SW, resources in the Ministry
were mobilized to implement it.

More than half of the Ministry's 14,000

employees and a yearly budget of approximately 7 billion guilders were
involved; many local government agencies were also involved.

A high-

level coordinating group was established to oversee the implementation.
Specific actions were defined, which were published in an SW Aktieboek
[Ministerie van Verkeer en Waterstaat, 1992b].

The Aktieboek assigns a

number to each action; identifies its estimated completion date, total
cost, and budget for the year; and identifies the person(s) responsible
for its implementation.

It is updated yearly.

1.3.4 Impacts
The implementation of a tactic may have many consequences.
the term impact to refer to any consequence of a policy action.
impacts can be measured.

We use
Some

Proxies are a subset of impacts.

An impact may fall within the stated goals and proxies for a
particular problem, or it may extend beyond them.

(For example,

building terminals to facilitate the transfer between cars and public
transport would create more walls on which beautiful murals [a benefit]
or ugly graffiti [a disbenefit] might appear.

These aesthetic impacts
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Table 1.1
Policy Areas Related to Managing and Restraining Mobility
Policy Area
No.

Name

Actions

7.

Concentrate housing,
employment, leisure, and
developments near public
other facilities
transportation

Build new ho

8.

Parking

Reduce parking provided at work
locations

9.

Urban remodeling schemes

Remodel urban areas to discourage car
use

10.

Tele-innovations

Use telecommunications to reduce car
use

11.

Social and economic changes Spread working and opening hours to
reduce peak traffic loads

12.

Pricing policy

Increase variable costs of commuting;
make relative cost of public
transport more attractive

13.

Collective transport

Improve attractiveness of public
transport by reducing travel times
and improving quality

14.

Passenger transport by road Improve the infrastructure to reduce
congestion and travel times

15.

Cycling

Improve attractiveness of cycling and
its links with public transport

16.

Car sharing

Increase average car occupancy

17.

Transfer facilities

Build terminals to facilitate the
combined use of the car and public
transport

26.

Influence behavior through Use public relations to encourage
communication and education travelers to make less use of cars

30.

Promote the adoption of
company transport plans

Develop travel-to-work arrangements
that reduce car use

Table 1.2
Portion of the SW Hierarchy of Goals, Proxies, Targets, and Tactics

LEVEL
HIGH

GOAL
1 . Maintain the
Netherlands as a
commercial center

TARGETS
2010

FROXY

F0R

None

b. Tonnes carried by rail
from Rotterdam

b.

None

a. No. of traffic deaths

a. 50% lower
than 1985

b. No. of traffic injuries

b. 40% lower
than 1985

3 . Reduce air pollution a. Emission of NOx by road
traffic

a. 75% lower
than 1986

2 . Improve road safety

b. Emissions of hydro-carbons b. 10% lower
by road traffic
than 1986

I

i
INTER3 .1. Reduce use of cars a. Person auto kilometers
MEDIATE
(PAK)

i

a. 35% higher
than 1986

Build freight rail
line through the
Betuwe

Lower speed limits
11-

a.

-

a. Tonnes loaded and
unloaded in Rotterdam

TACTICS

Build cleaner cars

Table 1.2--(continued)
LOW

3.1.1. Increase car
loading

a. Car occupancy rate

a.

•?

• Build carpool lots
• Build systems to
match people with
similar origins
and destinations

b. Ratio of travel time by
public transport to car
transport

a. Peak hour
capacity 50100% > 1986
b. ratio < 1.5

• Improve public
transportation
infrastructure
• Reduce relative
price of public
transportation

12-

-

3.1.2. Increase use of a. Passenger km on public
transport
public transport
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are results of the policy action, but are beyond the problem's goals and
proxies.)
Unfortunately, although a tactic may be designed with a single
target in mind, it will seldom have a single impact.

For example,

"increase the tax on gasoline" may be designed to reduce the use of the
car.

Raising the gasoline tax may indeed reduce the use of the car; but

it may also raise the price of goods that depend on cheap transportation
and eliminate jobs in the transportation sector.
More problematic for policy evaluation is the fact that a specific
proxy will generally be affected by more than one tactic.
use of the cax lias deox eased.

Suppose the

That uiiylit have happened because a gas

tax was imposed; but it might have happened because public
transportation became more convenient, parking became harder to find, or
more people were teleworking--all of which are other tactics contained
within the overall policy.

Proxies can also be affected by factors

unrelated to the policy actions.

Car use might have decreased because

the economy went sour, because the average age of drivers increased, or
because households consolidated--all of which are factors that are
outside the policy setting of the SW and may be unaffected by it.

Such

factors are called externalities.
Policy evaluation is an attempt to sort out all of the above
factors to gain insights into the relationships among tactics, impacts,
proxies, targets, and goals.
1.4 OVERVIEW OF THE REPORT AND THE METHODOLOGY
Chapter 2 describes an intermediate product of the project called
the Expected Interaction Matrix (EIM).

The EIM was the tool that we

used to place the information in the SW into a structure that would
make it easier to link the SW tactics to their expected impacts.
(Appendix A presents a subset of the EIM.)

Chapter 3 describes another

intermediate step--the selection of the subset of SW tactics that we
would use to demonstrate the policy evaluation methodology.
area selected was called mobility.

The policy

The goals of the tactics in this

area are to reduce growth in the use of the automobile and the total
amount of travel.

The policy evaluation methodology is described in
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Chapter 4, and the fully worked out demonstration using actual data for
the mobility area is presented in Chapter 5.
The methodology uses simple descriptive techniques to develop
hypotheses and then tests these hypotheses using formal statistical
techniques.

It begins with the creation of an analysis file.

The file

used in this report covers the years 1986 through 1991 and is documented
in Appendixes B and C.

Chapter 4 describes a file that contains data

aggregated to the national level; it contains only six cases.

For the

demonstration described in Chapter 5, the analysis file contains data
for the six years for each of the 12 provinces; therefore, it has 72
cases.
Both files contain data on three classes of variables:

•

Impacts that are proxies for some of the goals of the SW.

•

Tactic markers, which describe where, when, and how an SW
tactic was implemented.

•

Externalities, which measure things that might confuse the
relationship between the tactic and the impacts.

In the demonstration, the impact analyzed is car mobility,
expressed in person auto kilometers per year, the tactic marker
indicates how many kilometers of new highways had been built by year,
and the externalities include measures of population, the economy, and
the highway infrastructure.
The analysis begins with an effort to describe what is actually
happening.

Suppose that our goal is to improve highway safety, and our

proxy is highway fatalities.
a particular date.

Consider a tactic that just "turned on" at

(For example, suppose on 1 January 1989 the speed

limit was reduced on all freeways by 15 km/hour.)

A simple way to see

if this change in the speed limit affected traffic safety would be to
compare the number of traffic deaths in 1988 to the number in 1989.

A

reduction in the number of deaths could be considered evidence that the
tactic (reducing the speed limit) improved safety.

However, now suppose

that the economic situation changed in 1989, and the price of motor fuel
went up or the per-capita income went down.

This change in the economy
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might have reduced the number of cars on the road, thus reducing the
number of people at risk from a traffic death.

This change in the

economy calls into question the hypothesis that the speed limit change
improved traffic safety.
Descriptive analysis strives to clarify the relationship between
the outcome (i.e., impact) and the tactic, and to identify threats to
that relationship, using simple, easy-to-understand statistics (such as
average values and counts "before" and "after" the tactic was
implemented, graphs charting the outcome while the tactic was being
implemented, and comparisons of the values in places where the tactic
was not implemented to the values in places where it was implemented).
The hypotheses

formulated by the descriptive analysis are tested using

formal statistical techniques.
Hypotheses formulated by the descriptive analysis are tested using
regression models.

This approach attempts to estimate the coefficients

of a "model" for the outcome measure of the form:
OUTCOME

-

a +

Si TACTIC +

S2 EXTERNALITY

It then tests whether the coefficient of the TACTIC variable is
"statistically significantly different" from zero.

If it is, this

provides support for the hypothesis that the tactic bears some real
relationship to the outcome.
Finally, sensitivity analysis is used to see whether there are any
serious threats to the validity of the conclusions by exploring
alternative models (e.g., by using additional externalities, or by
specifying the model in a different way).
1.5 INSIGHTS FROM THE DEMONSTRATION
The results of our investigation have shown that it is too early to
conclude that any SW tactic has had its intended effect.

Nevertheless,

we carried out a complete demonstration analysis, the description of
which (in Chapters 4 and 5) can serve as a tutorial for future efforts.
The situation with respect to implementation of tactics and
availability of data should change over the next few months.

As a

result, we believe that with some planning and work during 1993, it may
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be possible to begin showing real results within a couple of years.
That should be a sufficient period of time to remove the barriers we
found to achieving real results.

Among these barriers are the

following:

1.

Few SW tactics have actually been implemented, and most
tactics that have been implemented were done so too recently to
have produced any real results yet.

2.

For the measures of mobility that we used in the demonstration,
1986 is the earliest year in which the current procedure for
estimating mobility was used, and 1991 is the latest year for
which mobility data are available, leaving only six years of
data--not enough data points to be able to draw good
conclusions.

3.

There is very little time-varying data at the provincial level
in the published sources, so we had difficulty performing a
regional analysis (which might have had enough data points to
draw some conclusions).

Some effort during 1993 and 1994 could remove--or at least lower-these barriers.

Many currently implemented tactics will have been in

place for at least two years by the end of 1993, and others will have
begun by then.

With some care, mobility estimates prior to 1986 (in

particular, estimates from 1984 and 1985) could be used.

More detailed

(and current) data could be obtained directly from the producers of
these data (e.g., the Central Bureau for Statistics [CBS]) instead of
from published sources.

Thus, about a

year from now, it might be

possible to begin the analysis of more tactics with a much more complete
10-year data series (1984 through 1993) by province.

In Chapter 6, we

describe in more detail the planning and work that would be needed to
prepare for this analysis.

-17-

2. THE EXPECTED INTERACTION MATRIX

2.1 EXPECTED INTERACTION MATRIXES
To organize the information in the SW in a way that would make it
easier to use for policy evaluation, we developed the concept of an
expected interation matrix (EIM).

An EIM is a table that provides the

linkage among the three dimensions of policy evaluation described in
Chapter 1.

It contains one row for each tactic to be considered in the

evaluation, and one column for each proxy.

The entry at the

intersection of each row (tactic) and each column (proxy) contains
information about the expected impact of that tactic on that proxy.

The

information can be quantitative (e.g., "a 10 percent decrease") or
qualitative (e.g., a minus sign to indicate some decrease).

It can be

simple (e.g., a single number) or complex (e.g., a formula showing the
relationship involved).
A sample EIM that illustrates the concept (assuming car kilometers,
noise, and deaths are our proxy measures) is the following:

Tactic

Proxy
Car kim

Noise
(dB (A) )

Deaths

+

+

+

Build new roads

-

-

?

Reduce speed limit

0

+

++

Restrict employee parking

The entries in the matrix indicate whether (based on prior
experience or subjective judgments) a particular tactic is expected to
strongly help (++), help (+), hinder (-), strongly hinder (--), or not
affect (0) the achievement of a particular target for each proxy.

They

can also indicate if there is likely to be some relationship between a
tactic and a proxy, but the direction of the relationship is unknown (?)
or that there is unlikely to be any relationship (blank).

Even though

the EIM may show the relationship of tactics to goals, it does not
indicate the value of achieving one goal as compared with another.

When
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goals compete (as happens, for example, when a tactic helps one goal but
hurts another) or when constraints on resources mean that only one
target can be reached, it is the policymaker, not the policy analyst,
who must make a decision.

The analyst's job is to provide the best

possible information to support that decision; an EIM is just one way to
display the information.
2.2 SPECIFYING THE EXPECTED INTERACTION MATRIX FOR THE SW
We define the EIM for the SW to be the EIM that presents the
expected impacts of the actions proposed in the SW.

The first task

carried out on our policy evaluation project was to produce the EIM.
This involved summarizing the information contained in the SW and
placing it within the framework presented in Chapter 1.

Most of the

columns of the EIM are the proxy measures used to describe the policy
problems (policy areas), grouped by policy category.

The rows are the

specific tactics mentioned in the SW, grouped by policy area. To
identify the chain that links the tactics with the proxy measures and to
indicate the implementation status of the tactics, we added several
columns to the generic EIM model shown in Section 2.1.

We describe the

rows and columns of the EIM below.
2.2.1 Rows of the EIM
The SW defines four policy categories, 35 policy areas, and a
large number of goals, some of which are tactics, some of which have
associated targets, and some of which are simply qualitative statements.
The policy areas are numbered 1 through 35 and are grouped by policy
category as follows:

Policy Category
Environment and Amenity
Managing and Restraining Mobility
Accessibility
Foundations

Policy Areas
1-6
7-12
13-25
26-35

The SW Aktieboek [Ministerie van Verkeer en Waterstaat, 1992b]
describes the actions to be taken to carry out the SW.

It assigns a

six-digit number of the form xx.yy.zz to each action, where xx
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identifies the policy area, yy identifies a theme within the policy
area, and zz identifies the actions within that theme.

For example,

within Policy Area 15 ("stimulate the use of bicycles"), there are three
themes ("central actions to stimulate the use of bicycles," "regional
actions to stimulate the use of bicycles," and "research in connection
with bicycle traffic").

So, 15.01.xx refers to actions by the national

government to stimulate the use of bicycle and 15.01.02 refers to
actions by the national government to get people to switch some of their
commuting from cars to bicycles; 15.02.02 refers to regional actions
with the same objective.
Wo began the identification of the rows of the EIM by listing all
the actions found in the Aktieboek.

This produced a list of 240 tactics

(i.e., there were 240 rows in the EIM).

We then eliminated actions

referring to tactics that SW coordinators within the Policy Directorate
of the Ministry knew had not yet been implemented (tactics that have not
yet been implemented can have had no impact on any of the proxy
measures).

We also eliminated research and planning actions (as well as

actions that produced only paper, not real changes in the transportation
system) for the same reason.

This produced a list of 66 tactics.

The

EIM with these 66 rows (which we call the "reduced EIM") was then
further reduced when mobility was chosen as the demonstration area by
eliminating those tactics unrelated to this area (see Section 3.2).

The

EIM for the demonstration (which contains 35 rows) is presented in
Appendix A.
2.2.2 Columns of the EIM
The EIM has 19 columns.

The first 5 describe the tactic in the row

under consideration; the remaining 14 indicate how the tactic was
expected to affect each of the 14 proxies that were to be used to
measure progress toward the high-level goals of the SW.

These proxies

were derived from the Prototype Beleidseffectrapportage 1991 [Ministerie
van Verkeer en Waterstaat, 1992c], which was produced by the M=W
project.
The first three columns of the EIM helped us to define the tactic
and determine if it had been implemented.

Column 1 (Tactic ID) contains
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the tactic identification number (its six digit number in the
Aktieboek) .

Column 2 (Tactic Description) contains a brief description

of the tactic.

Column 3 (Tactic Indicator) specifies an action that can

be used to determine whether the tactic has actually been implemented
(e.g., new posted speeds on the highway in response to the tactic
"reduce high-speed driving").
The next two columns helped us to link the tactic to the high-level
proxies of the SW.

Since the SW mixes together goals, proxies, and

tactics in a unclear way and rarely explains how implementation of a
particular tactic is likely to affect the various proxies, we needed a
way to clarify the linkages.

Often the chain between an SW action and

its intended high-level impact is long and complicated.

For example,

"concentrating housing, employment, leisure and other public facilities"
(Policy Area 7) is intended to reduce the need to travel long distances.
If this concentration is near public transportation facilities and good
cycling routes, the travel that is needed can be more easily switched
away from the car than if it is not near public transportation.
is, PAK will be reduced.

If it

If PAK is reduced, then the emissions of NOx

and hydrocarbons will be reduced, thereby cutting air pollution; the
emission of CO2 will be reduced, thereby cutting the use of fossil
fuels; the city and intercity traffic noise will be reduced, thereby
cutting the noise nuisance; the number of deaths and injuries from
traffic accidents will be reduced, thereby improving road safety; etc.
(see Table 1.2).

The EIM includes two columns (Intermediate Response

and Ultimate Response) that try to capture this chain.

The intermediate

response indicator is used to determine the implementation status of the
tactic, and the ultimate response indicator relates the effect expected
from the tactic directly to one or more of the 14 proxies used as
columns in the EIM.

Either or both of these indicators could also be

considered proxies, depending on the level of the goals in the hierarchy
shown in Table 1.2, with which we are dealing.
To illustrate the meaning of these two columns, consider tactic
13.02.03,

"improve rail infrastructure."

The main reasons policymakers

in the Ministry have for implementing this tactic relate to its impact
on the environment, congestion, noise, safety, etc.

However, there are
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many earlier links in the chain that can be measured (and, in fact, are
more easily measured than the high-level proxies).

The first (or

"intermediate" ) response indicator that measures the progress of this
tactic's implementation is the opening and closing of rail lines and
rail stations.

This information is contained in the "intermediate

response indicator" column of the EIM.

Once the changes in the rail

infrastructure have been implemented, people must respond (or the tactic
will not have its intended effect).

The indicator variable that

measures the response of the public (and that relates the expected
effect from the tactic to the high-level proxies) is passenger
kilometers by train.

This indicator variable is shown in the "ultimate

response indicator" column of the EIM.
The remaining 14 columns of the EIM relate to the 14 proxies, which
are listed in Table 2.1.

Each of the proxy columns contains symbols

that represent how the tactic is expected to affect the corresponding
proxy.

Members of the M=W project team and persons in the Ministry who

helped write the SW filled in the information in the cells of the EIM.
The following symbols were used:

++

There is a strong expectation that the tactic will affect the
proxy in a "good" way (i.e., help the proxy reach its target).

+

There is a weak expectation that the tactic will affect the
proxy in a "good" way.
There is a weak expectation that the tactic will impede the
proxy from reaching its target (i.e., that it will have a
negative effect on the proxy).
There is a strong expectation that the tactic will impede the
proxy from reaching its target.

+/- There is an expectation that the tactic will affect the proxy
in some way, but the direction of the effect (positive or
negative) is not clear.
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Table 2.1
Proxies Used in the EIM
Policy Category
Environment and
Amenity

Accessibility and
Managing and
Restraining
Mobility

Policy Goal

Proxy

Cut air pollution

1. Emissions of N0X by vehicles
2. Emissions of CxHy by vehicles

Cut use of fossil
fuels

3. Emissions of CO2 by vehicles

Cut noise
nuisance

4. Intercity vehicle noise
5. City traffic noise

Less
fragmentation of
countryside

6. Ecological cuts

Improve road
safety

7. Traffic deaths
8. Traffic injuries

Less road
congestion

9. Probability of delay on roads

Improve public
transportation
system

10. Ratio of travel time by
public transport to travel
time by car
11. Number of trains delayed > 5
minutes

Increase use of
cycles
Increase capacity
utilization of
trucks
Maintain Dutch
trucking
competitive
position

12. Ratio of travel time by
bicycle to travel time by
car.
13. Capacity utilization

14.
freight traffic

The EIM played a major role in the process of choosing the policy
areas that would be used to demonstrate the project's evaluation
methodology (see Chapter 3).
presented in Appendix A.

The EIM for the demonstration area is
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2.3 OBSERVATIONS FROM THE EIM
Creating the EIM for the SW was a difficult, time-consuming, but
necessary task for this project.

It was an intermediate product of the

project, and Chapters 3, 4, and 5 indicate how it was used in the
remainder of the project.

But its preparation and examination had wider

benefits and provided insights that should prove useful to the Ministry
in other ways.

These are reported below.

Perhaps most important, the complete EIM (with 240 rows) provides a
succinct summary of the goals of the SW, the proxies being used to
measure progress toward their attainment, and the actions to be used to
try to attain them
implementation.

It also provides a way of monitoring the CW's

In addition, the M=W project plans to recommend that

the Ministry continue to update the EIM and use it in the following
ways:

1.

To identify the relationships between the different levels of
goals (and their proxies) and the related tactics that are
designed to achieve those goals (see Figure 1.2) .

One benefit

of this exercise will be to identify the parts of the Ministry
that are responsible for accomplishing the various goals.

(For

example, the improvement of public transport and the carsharing intermediate goals reside under different directorates
of the Directorate General for Transport (DGV); and both the
DGV and the Rijkswaterstaat are responsible for the higherlevel goal of reducing the PAK.)
2.

To keep track of the implementation of the SW actions.

This

would require the addition of information on implementation to
the EIM and its yearly update.

(This information is hard to

obtain at the present time.)
3.

As a framework for storing information on the effects of
tactics. In this use, each cell of the matrix that corresponds
to

the expected effect of a tactic on a proxy can be used to

"store" all of the information that is known about the
relationship between that tactic and that proxy. For example,
the cell could store
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•

The expected impact according to the SW or another policy
document

•

The expected impact according to a forecasting model

•

The forecasting model itself

•

The impact measured according to analyses conducted by the
M=W project

•

Information citing impacts from the tactic in other
countries, regions, etc.

4.

As a source of information for future analyses of possible new
transportation policies (e.g., for an updating of the SW or
for setting priorities on new infrastructure projects).

An examination of the complete EIM produced some specific insights
and observations that we found to be of interest.

Among these are the

following:

Very few of the actions in the Aktieboek represent real
tactics.

(Most of them were research and planning actions, or

the production of documents, none of which would have an effect
on the proxies).
The concept of "accessibility" is not well defined in the SW;
hence, there are no good proxies or targets for measuring
accessibility improvement.
Car kilometers (PAK) is the most common ultimate response
indicator.

(In fact, it is an intermediate-level proxy that

can serve as a proxy for most of the high-level proxies.)
Most of the tactics in the SW are aimed (in one way or
another) at reducing PAK.
The impacts from most of the tactics extend beyond the specific
proxies they were designed to affect.
The proxies related to freight transport are not clearly
defined.

-25-

3.

CHOOSING THE DEMONSTRATION AREA

3.1 ANALYZING ALTERNATIVES
The SW has too broad a scope for us to have attempted to analyze
its effects in their entirety.

So, we reduced the scope of the

demonstration by focusing on a subset of the tactics.

The tactics we

chose were those whose primary purpose was to affect mobility. For our
purposes, we defined mobility as the total distance traveled by persons
in the Netherlands over the course of a year (the product of the number
of trips taken and the average trip distance).

Two of the goals of the

SW are to (1) reduce growth in the use of the automobile, and (2)
reduce travel distances.

In terms of mobility, proxies for these goals

are (1) PAK and (2) person kilometers over all modes of travel.
Chapters 4 and 5 describe the demonstration related to mobility.
Since there were several candidate demonstration areas, each with
its supporters within the Ministry, and no obvious best choice, we used
a formal selection process that was similar to policy analysis.

We

compared the attractiveness of the alternatives on a wide range of
criteria.

This method proved useful in two ways.

First, it illustrated

the policy analysis process to people in the Ministry.

Second, it

provided a clear and persuasive justification for the choice of the
demonstration area.
The three areas considered, which span the passenger-related policy
goals of the SW, were the following:

•

Safety (reduce transportation-related deaths and injuries)

•

Mobility (reduce growth in the use of the automobile and the
total amount of travel)

•

Accessibility (make it easier for people to get where they want
to go).
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The comparison of the three areas was accomplished through the use
of a scorecard.

The scorecard is presented in Table 3.1.

of the scorecard are the three alternatives.
criteria that were used to judge them.

The columns

The rows are the nine

Each of the nine criteria

identifies an aspect of the area that would either facilitate the
demonstration or make its results more useful.

The criteria are listed

in Table 3.2.
Table 3.1
Scorecard for Choosing Demonstration Area
Criterion
1.
2.
3.
4.
5.
6.
7.
8.
9.

Political interest
Generalizibility
Amount of effort
Simplicity
Difficulty
Definitions
Existing knowledge
Regionalization
Data availability

Safety

Mobility

Accessibility

+

++

++

+

++

++(?)

++

+ /+ /-

+
++

+ /-

+

+

+ /-

+

+

+ /-

++

+

+ /0

The following symbols were used to fill in the cells of the
scorecard:
++

This makes the area very attractive for the demonstration.

+

This makes the area somewhat attractive for the demonstration.

+/- We are unsure how to rate this aspect of the area.
This makes the area unattractive for the demonstration.
This makes the area very unattractive for the demonstration.
The alternatives were analyzed by the project team and the steering
committee for the project. In the end, accessibility was rejected
because the goals for this area are not clearly defined in the SW,
although it had a high level of political interest.
the remaining two areas was more difficult.

The choice between

The mobility area was

finally chosen, primarily because safety was seen to be more
straightforward from the viewpoint of the demonstration and less
problematic from a policy perspective.

A supplementary study, conducted

by a RAND intern after the main study was completed, revealed that the
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Table 3.2
Criteria for Choosing Demonstration Area
Criterion

Description

1.

Political interest
Is there interest in the area among policy
in the Ministry? (more interest is better)

2.

Generalizability
Will the methodology used in this area be
applicable to others? (wider applicability is
better)

3. Amount of effort

Can the evaluation of the area be carried out in
the time available? (less effort is better)

4. simplicity

Are the methodological problems for the area so
easy to solve that not much would be learned?
(less simplicity is better)

5. Difficulty

Are the methodological problems for the area so
difficult to solve that not much could be
accomplished? (less difficulty is better)

6. Definitions

Are the proxies and response indicators related
to the area's goals clearly defined? (more
clarity is better)

7.

Existing knowledge
Are there known relationships between the
tactics in the area and the relevant proxies and
response indicators? (more existing knowledge is
better)

8.

Regionalization
Is there differentiation in implementation
the area's tactics among provinces?
(differentiation in implementation is better)

9.

Data availability
Are there data available with which to per
the evaluation? (more data availability is
better)

data needed to do the safety analysis were not easily found; the ++ for
data availability listed under the safety column in Table 3.1 should
probably have been a -.
3.2 THE EIM FOR THE DEMONSTRATION AREA
After having chosen mobility as the demonstration area, we next had
to define the subset of tactics whose impacts we would attempt to
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assess.

As a starting point, we used the reduced EIM described in

Section 2.2.1, which contained rows for 66 tactics.

We then identified

all those tactics that had mobility by car, public transport, or bicycle
as an ultimate response indicator.

All such tactics fell into the

following 11 policy areas:

7.

Concentrating housing, employment, leisure and other public
facilities.

8.

Parking

10.

Tele-innovations

12.

Pricing

13.

Collective transport

14.

Passenger transport by road

15.

Cycling

16.

Car sharing

18.

Telecommunications and information technology

26.

Influencing behavior through communication and education

30.

Introduction of transport management arrangements by firms and
groups of firms in particular areas by promoting the adoption
of company transport plans.

We eliminated from the reduced EIM all tactics that did not fall
within one of these policy areas.

This left us with 32 tactics that

could be related in some way to PAK.

(We used the proxy measure PAK,

since PAK is the ultimate response indicator that related all of these
tactics to the SW goals.)

We also added three tactics that had not

been part of the SW and were not listed in the Aktieboek, but were
actions that had been taken independently by the National Railways (NS)
They were likely to have had a measurable impact, so we included them in
the EIM.

For analytic purposes we treated them as externalities.

These

three tactics are

•

Introduce free public transportation for students

•

Introduce free public transportation for military personnel
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•

Introduce "railrunner" fare for children.

(This tactic enables

children under 12 years of age to travel anywhere by train for
one guilder if they are traveling with their parents.)

This resulted in an EIM for the demonstration area that contained 35
tactics.

This EIM is presented in Appendix A.

The remaining effort for the demonstration was to find out what
effect the implementation of these tactics had on PAK.

The first step

in this process was to identify exactly when, where, and how each of the
remaining tactics had been implemented (i.e., to define the markers for
each tactic).

We did this by contacting the persons in the Ministry who

were the policy advisors in the 11 policy areas.

In meetings with them,

we identified the actions from the Aktieboek in which we were interested
and asked them to provide us with information about their
implementation.

As a result of this process, we discovered that many of

the tactics in the EIM had not yet been implemented, or had been
implemented only in small pilot projects or experiments.

Such tactics

would not have had enough of an impact for us to notice an effect in our
evaluation, so they were dropped from further consideration.

As a

result, we were able to identify markers for 13 tactics, which were
passed on to the demonstration evaluation.

These 13 tactics are

identified with asterisks in the Tactic ID column of the demonstration
area EIM presented in Appendix A.
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4. METHODOLOGY

4.1 INTRODUCTION
This project addressed the problem of deciding which SW tactics
and strategies were effective in achieving targets, which ones were not,
and which ones could be modified for greater effectiveness.

We can

think of four ways of attacking this problem.
Probably the best approach would be to first decide how to analyze
a tactic,

then establish data collection mechanisms that would

facilitate the analysis, and finally implement the tactic in a way that
would enhance the ability to analyze it.

For example, a tactic could be

implemented in a random sample of places and "placebo" tactics
implemented in other places.1

This approach (sometimes called a

prospective study), while possible in such areas as medical research, is
difficult in areas of public policy where the analyst usually faces
severe constraints on the manner in which a policy is implemented.
For the present study we adopted an alternative approach.

Tactics

were not implemented according to any predetermined strategy designed to
enhance the analysis; rather,

the tactics were implemented before the

study began, data were identified after the tactics were implemented,
and the analysis was designed to use these data in the best possible
way.

Such an approach (sometimes called a retrospective study)

is more

applicable in areas of public policy than the approach discussed in the
preceding paragraph.
Another approach to addressing the problem is called the case

study, in which a careful, intense, but more or less descriptive study
is carried out in a particular place where a tactic has been implemented
(sometimes accompanied by a similar study of a place where the tactic
was not implemented).

Case studies do not usually place much emphasis

on statistical techniques, other than purely descriptive ones, but they
do provide valuable insights into what is going on.

A case study is not

^-For example, to test the effect on safety of changing the speed limits, the
Ministry might select a random sample of provinces and place new speed limit signs on
the freeways. In the nonselected provinces, it would install new signs, too, but they
would announce the same speeds as before.
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really a competitor to a prospective or retrospective study but can
provide a supplement by revealing details that would otherwise go
unnoticed.

The main problem with a single case study is that it may

lack generalizability--how can one tell whether something that happened
in one particular place will happen anywhere else.

But a case study, or

even a few case studies, may in the end be cheaper that an analysis of
an entire country.
Finally, a technique known as meta-analysis can sometimes be used.
Meta-analysis assembles other studies and tries to make inferences from
them all.

For example, one might conclude that a particular safety

tactic would be effective in the Netherlands by reading studios of the
results of implementing that tactic in a number of other countries.

The

main problem with this approach is that it requires that other such
studies exist for use in the analysis--a doubtful proposition for some
of the rather particular tactics in the SW.

Since meta-analysis works

best in analyzing the results of other controlled experiments, it is
likely that few such experiments will be found in the literature, for
the same reasons that such experiments would be difficult to carry out
for the SW tactics.
In summary, a retrospective study of already implemented tactics is
the only approach we know that could have been used to provide
generalizable results once the SW actions began to be implemented.
Prospective studies might be used for tightly focused, local tactics,
and case studies can provide a valuable supplement.
We illustrate our retrospective approach by applying it to the
mobility policy area using a small data set--six years of data at the
national level.

In the next chapter, we demonstrate the methodology for

the mobility policy area using the same six years, but at the provincial
level.
The analysis proceeds in three steps:

1.

Create an analysis file that contains the necessary data, in a
form that can be used for the analysis.

2.

Use the analysis file for a descriptive analysis that shows, in
a simple way, the relationships between SW tactics and
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outcomes (in this case, mobility outcomes), and which shows
other factors that might stand in the way of, or support,
conclusions about the effectiveness of the various tactics.
3.

Test the relationships found in the descriptive analysis using
formal statistical techniques, some of them simple, some of
them more complicated, to verify that relationships suggested
by the descriptive analysis are not just the result of chance.

It is unlikely that the actual analysis will ever proceed as directly as
the above outline might suggest.

Once we get past step 1, we can expect

to revisit earlier steps as subsequent analysis reveals problems or
suggests opportunities.

The actual process can be viewed as part of a

cycle, as shown in Figure 4.1.

As Figure 4.1 shows, analysis proceeds

downward through the three steps.
to an earlier one.

But each step may suggest returning

For example, the descriptive analysis may reveal

some errors that have crept into the analysis file that need to be
corrected.

The test may suggest some additional variables to be added

to the analysis file, or it may suggest using some data that were
already in the file but did not enter into the descriptive analysis.
The following three sections describe each of the three analysis
steps in turn.

Create analysis file

1
Perform descriptive
analysis

I
Test relationships
Figure 4.1--Analysis Steps and Their Interrelationships
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4.2 CREATE AN ANALYSIS FILE
A database is an assemblage of data, usually all related to some
topic but with no specific rules about the form of the data.

The

elements of a database can be books and other printed reports,
readable media

computer

(tapes, diskettes, etc.), audio and video cassettes, etc.

The Statistical Yearbook 1992 of the Netherlands [Central Bureau of
Statistics,

1992]

is an example of a database.

By an analysis file we mean something a bit more precise.
analysis file is a rectangular, computer readable data set.
mathematical terms,

an analysis file is a matrix.

In

Each row constitutes

a single observation, which is sometimes called a case.

Each column

contains a single data element, and from one row to the next,
elements in a particular column all have the same meaning.
an analysis file is sometimes called a variable.
small analysis file.

An

the data

A column of

Table 4.1 shows a

It consists of six cases and five variables.

case represents a year, and each column represents a variable.

Each

The

variable names are displayed in the top row of the table; they are not
themselves part of the file.

For the analysis of SW tactics,

the

analysis variables can be grouped into four classes:

1.

Time period and location identifiers that describe the period
of time and location to which the record applies.

2.

Outcome variables that describe the potential policy-relevant
impacts of SW tactics and strategies.

3.

Externalities that describe features, events, and trends
unrelated to SW actions that might influence SW outcomes.2

4.

SW marker variables that describe when, where, and (sometimes)
how SW tactics and strategies were implemented.

Each of these four groups will be discussed in the next four
subsections.
2

We are, therefore, using a different definition of externality from that used
by economists. According to Samuelson and Nordhaus [1989], externalities are effects
that "occur when firms or people impose costs or benefits on others without those
others receiving the proper payment or paying the proper costs."
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4.2.1

Time Period and Location Identifiers
The smallest time period for which data are available for the

demonstration project is the year.
is the province.

The smallest geographical component

These facts mean that each record of the analysis file

should have two variables:

YEAR, indicating the year for which the

observations hold, and PROV, indicating the province.

The analysis file

shown in Table 4.1 is a national file, so it has no provincial
identifier.
Table 4.1
An Example of an Analysis File
YEAR
1986
1987
1988
1989
1990
1991

PAK
67
69.
75.
75.
78.
77.

P18 64
9264
9361
9451
9536
9634
9722

PR_REG
162.88
174.39
170.38
177.01
179.14
183.30

ROADS
35.47
110.89
161.30
183.40
201.00
220.20

4.2.2 SW Outcomes
An SW tactic is meant to change something; in this demonstration
we analyze tactics that affect car mobility, which is defined in Chapter
3.

In our analysis file, any measurement of something that an SW

tactic is meant to affect is called an outcome.

In the database

displayed in Table 4.1, the outcome is the variable PAK, which is
defined as the number of kilometers per year driven by all automobile
drivers in the Netherlands in a particular year, expressed in 1000s of
millions (miljards) of kilometers.
4.2.3 SW Tactic Markers
We use the phrase tactic marker to denote a variable in our
analysis file that indicates when, where, and how a tactic was
implemented.

The simplest version of a marker is a so-called "dummy

variable," set equal to 0 for all times and places where the tactic was
not implemented, and set equal to 1 for all times and places where the
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tactic was implemented.3

A variation of this concept might be applied

when a tactic was only partially implemented in (say) 1987 but fully
implemented thereafter, in which case it would be logical to set the
marker to some number between 0 and 1 for 1987.
In Table 4.1, the variable called ROADS is a tactic marker.

It

represents the cumulative length, in kilometers, of new major roads that
are part of the national highway system and that were built by the
central government since 1985.
4.2.4 Externalities
A government could (say) restrict parking in the central area of a
city to discourage automobile mobility and encourage walking and biking.
A rise in automobile fuel prices could have the same effect (and a fall
in the price could negate the effect).

Restricting parking is a tactic;

a change in resource price of fuel (i.e., the price of fuel apart from
taxes imposed at the pump) is an externality.

In the present context,

an externality is an event or variable other than the SW tactic being
analyzed that might influence an SW outcome.

It is possible to treat

one SW tactic as an externality while we are analyzing another (e.g.,
we might treat the rise in fuel prices caused by an SW fuel tax tactic
as an externality while we are analyzing an SW parking tactic).
If a rise in fuel prices occurred at the same time and in the same
place as the initiation of a tactic, it could easily lead us to believe
a tactic was effective, when in fact the effect seen was due to
something else.
tactic.

But an externality could also mask a real effect of a

A drop in fuel prices that occurred at the same time as the

initiation of a tactic would cause a rise in mobility in the absence of
the tactic; but because fuel costs rose at the same time the tactic
began, we might observe no change in mobility and conclude the tactic
was ineffective.
Unfortunately, the number of potential externalities is huge.
of them we cannot even name, let alone measure.

Many

For this reason, we can

never definitively determine that a particular tactic was the certain
3A variable of this sort is sometimes called an indicator variable. That term
has a different meaning within the M=W context. To avoid confusion, we do not use it
here.
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cause behind a change in one of our outcome measures, nor that a
particular tactic was ineffective.

The possibility can never be

excluded that some unknown external influence caused the observed change
in an outcome, or suppressed a change.
In spite of this difficulty, we should not avoid doing what is
possible to account for externalities, even if it is impossible to
account for them all.

And, at the high level of aggregation in our

analysis (whole years, whole provinces), we may succeed.

While it is

difficult to explain why a particular citizen chooses to drive or walk
on a particular day, it may not be so difficult to explain the aggregate
behavior of millions of citizens over the course of several years.
It is relatively easy to list several classes of externalities; the
following are merely examples:

1.

Economic:

changes in income and employment; the relationship

between disposable income and the cost of driving a car.
2.

Weather:

nice weather might encourage bicycle riding.

3.

Demographic:

size and age distribution of the population;

household composition.

A lot of expert judgment is required to identify appropriate
externalities within these classes and others not identified here.
The file listed in Table 4.1 contains two externalities, P18_64 and
PR_REG.

The variable P18_64 is the number (expressed in 1000s) of

persons age 18 through 64.

In the Netherlands, age 18 is the minimum

age of a licensed driver, and (at least at the present time) after about
age 65 the propensity to drive begins to drop sharply [CBS, De
mobiliteit van de Nederlandse bevolking, 1990].
variable should signal big differences in PAK.

Big differences in this
The variable PR_REG is

the "recommended price of regular petrol," expressed in 1991 guilders
per 100 liters.
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4.3 PERFORM DESCRIPTIVE ANALYSIS
Once an analysis file has been created, the first task is to do a
descriptive analysis of the variables in that file.

This analysis

serves several purposes, among them

1.

It helps to check the quality of the file by identifying
outliers (i.e., unusually large or small values),
inconsistencies, gaps, and other data problems.

2.

It provides a simple way of supporting the conclusion that a
particular tactic is effective or ineffective.

7.

It identifies possible threats to such simple conclusions.

The first step in a descriptive analysis is to produce a codebook for
the analysis file.

For each categorical variable (i.e., a variable that

is used to identify a small number of discrete categories like "male,"
or "female"), the codebook lists all the levels and the number of cases
in which each level was encountered.

For each continuous variable

(i.e., a variable with very many levels, such as mobility), the codebook
provides the basic descriptive statistics for the variable:

mean,

standard deviation, minimum, maximum, median, 10th, 25th, 75th and 90th
percentiles, etc.

For both categorical and continuous variables, the

codebook contains information about the number of missing cases (if
any).

The codebook becomes the main reference for the file and provides

an impression of the quality of the data.

Appendix C is the codebook

for the analysis file used in the demonstration analysis described in
Chapter 5.
The tools of the descriptive analysis include the calculations of
means and other measures of location (e.g., medians), and comparing them
in "before/after" or "here/there" settings (i.e., before the tactic vs.
after the tactic, or "here where the tactic was implemented" vs. "there
where it was not").

The use of graphics makes these comparisons easy to

see and easy to explain.
Figure 4.2 is an example of a type of graph we will use quite
frequently in this report.

It displays two variables, PAR and P18_64

(population age 18-64) for the years 1986 through 1991.

The first
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variable, PAK, is displayed as a bar chart, and the axis for this
variable appears on the left.

The second variable, P18_64, is displayed

as a line graph, and the axis for this variable appears on the right.
Note that the lower limit for neither axis is zero but has been set at
some higher level to accentuate change over time.
following story:

The figure tells the

Both PAK and population have been increasing over

time; PAK took a big jump between 1987 and 1988, but population simply
increased steadily over the entire period.

Thus, population might be

the explanation for part of the increase in PAK, but it cannot explain
the jump.

The jump could be the result of sampling error or some other

measurement error.

It could also be "real," but unexplained

This

situation highlights the need for accuracy in the underlying data.
Figure 4.3 is a similar graph.
did Figure 4.2.

It displays PAK as a bar graph, as

But the line graph is the price of regular petrol

(PR_REG), expressed in 1991 prices, instead of the population aged 1864.

It shows that while there has been a general upward trend in the

price of fuel, there was a sharp drop between 1987 and 1988.

It is

tempting to attribute the rise in PAK that happened at the same time to
the drop in prices.

However, if that drop in prices caused a rise in

PAK in 1988, why did the rise in prices the following year not cause a
corresponding drop in PAK?
Finally, Figure 4.4 displays the length of new roads that form a
part of the major highway system (ROADS) as a line graph.

It shows more

road building activity in 1987 and 1988 than in other years and so is
unlike population in that its increase has not been so steady.

It might

be tempting to conclude that the building of new roads "caused" the rise
in PAK, but as the earlier charts showed, there are alternative
explanations.

We return to an analysis of these four variables in

Section 4.4.
4.4 TEST RELATIONSHIPS
The descriptive analysis outlined in the previous section can
suggest both positive conclusions and threats to those conclusions.
supports and threats should be tested using more sophisticated
statistical techniques, such as multivariate regression, which make

The
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better use of the data and may reveal relationships that are difficult
to see in simple graphs and tables.

Unfortunately, the results from the

tests may prove harder to understand, especially by policymakers without
statistical training.
In the demonstration project, we used multivariate regression to
test the findings of the descriptive analysis.

The testing proceeds in

three steps:

1.

Specification.

Specify a model that relates the outcome to

variables of interest.
2.

Estimation.

Use multivariate regression to estimate the

parameters of the model.
3.

Hypothesis testing.

Test the statistical significance of the

estimated parameters.

The estimation step requires some care on the part of the analyst,
and the estimates should be examined with some care.

Sometimes this

examination will suggest returning to the specification step and
specifying a new model (say, one containing a different variable).
We discuss each step in turn.
4.4.1 Specification
We begin with an equation that expresses a relationship between an
outcome variable and other variables.

For example, one might wish to

test the hypothesis that building additional roads increases mobility.
One threat to the validity of this argument might be that while roads
have been built, the price of gas may have dropped too.

A model that

tests the effect of roads while at the same time accounting for price
changes would be:
PAKy = a + S1PR_REGy + £2P18-64y + S3ROADSy + OTHERy

,

where the subscript y denotes the year and runs from 1986 through 1991.
In this equation, the four Greek letters are called parameters, the term
on the left-hand side is called the dependent variable, and the terms
PR_REG, P18_64, and ROADS are called the independent variables.

The
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term OTHER is not a variable in our analysis file but should be regarded
as that part of mobility that cannot be "explained" by PR_REG, P18_64,
and ROADS.

In particular, OTHER captures both the sampling error that

is present, because the outcome measure comes from a sample, and omitted
variables (i.e., other variables that "explain" mobility that we have
not included in the model, either because we do not know about them or
because we do not have adequate measurements of them).

We assumed that

the average value of OTHER, taken over all cases in the analysis file,
is zero and that the error is uncorrelated over time.

The equation

itself is sometimes called a model.
We assume that the mean of OTHER is zero, since the model contains
a constant term (a) that includes any nonzero contribution the error
term makes.

In Section 5.5 we show that (for the demonstration model

discussed in the next section) the assumption that OTHER is uncorrelated
over time is justified.

If it had not been, it would have been more

appropriate to specify a model that uses year-to-year differences.
Since such a model reduces the sample size, already quite small, we were
glad to avoid this approach.
4.4.2 Estimation
Multivariate regression is a mathematical technique that finds the
values of the parameters of the model presented in Section 4.4.1 that
minimize the expression:
ItPAKy - a - l$1PR_REGy - S2P18_64y - S3ROADSy)2 ,
where the sum is taken over all cases in the analysis file.

The details

of exactly how these estimates are made do not usually need to concern
us, since the statistical packages produce the estimates automatically.
4.4.3 Hypothesis Testing
In the present example, a tactic is expected to increase mobility.
This means we expect the road parameter, S3, to be positive.

For formal

reasons, statisticians would translate this idea into the testing of the
null hypothesis that the tactic has no influence,
H

0:

£3 = 0,
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against the alternative
%:

]$3 * 0.

Under special assumptions about the variable denoted as OTHER in
the model described above, multivariate regression provides statistics
that allow us to either reject or accept the null hypothesis and, if we
reject it, allows us to calculate the probability of rejecting the
hypothesis if, in fact, it is true—i.e., the statistical significance
of rejecting the hypothesis.
Table 4.2 presents the results of a multivariate regression
analysis of the data displayed in Table 4.1 for the model specified in
Section 4.4.1.

1.

Descriptively, it shows three reasonable things:

The estimate of

is positive and an increase of the

population age 18-64 by 1,000 persons would increase PAK by
about 0.01 million km/yr.
2.

The estimate of S2 is negative and an increase of the price of
regular petrol of 1 guilder per 100 liters would decrease PAK
by about 0.45 million km/yr.

3.

The estimate of £3 is positive and an increase in the length of
new national highways of 1 km would increase PAK by about 0.08
million km/yr.
Table 4.2
Multivariate Regression Results

Variable
(constant)
P18_64
PR_REG
ROADS

Parameter
a
£1
£2
£3

Regression
Estimate
43.4879
0.0102
-0.4535
0,0829

p-value
0.5202
0.2690
0.0605
0.034 6

Figure 4.5 shows the observed value of PAK (as in Figures 4.2, 4.3, and
4.4) plotted along with the values we obtain by using the model
described here to estimate PAK.

The relationship is quite close, but we
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should not be too surprised.

We are, after all, estimating four

parameters with only six data points.
Since the outcome measure comes from a survey, any of these facts
could be the result of sampling error.

The fourth column of Table 4.2

helps us to decide whether the result is statistically significant.

The

p-value is the probability that our estimate of the corresponding
coefficient would be at least as large as it is (in absolute value) if
in fact the "true" value of that parameter is zero.

It can be regarded

as a measure of the size of the estimated coefficient compared to the
amount of variation in the outcome measure that cannot be explained by
our model.

(Since it is a probability, the p-value is always positive,

no matter what the sign of the associated estimate.)

In the context of

our illustration, if the "true" value of £3 were zero, meaning there is
no real relationship between PAK and ROADS, the probability that
sampling error would cause an estimate as big as we see in the above
table is about 3 percent.

It is traditional to reject a null hypothesis

if the p-value is less than .05.

If this tradition is followed

strictly. Table 4.2 suggests that the coefficient of ROADS, and only
this coefficient, is statistically significant.
estimates are different from zero only by chance.

The other coefficient
However, drawing

inferences from a sample containing only six cases is not an enterprise
that can be taken too seriously.

Setting aside the small sample size

and questions of statistical significance, the estimated regression
coefficients in Table 4.2 do at least have reasonable interpretations.
However, while the sign of the coefficient in front of the price of
petrol is the right direction (an increase in the price leads to a
decrease in PAK), the effect seems too big to be reasonable.
These calculations serve to support the hypothesis that building
new roads increases PAK.
statistically significant.
4.6 to get an impression.

We can even claim that the relationship is
But how important is it?

We can use Figure

Figure 4.6 shows PAK graphed full scale (with

0 at the origin), along with a plot of the same estimating relationship
used in Figure 4.5.

But in Figure 4.6 we set ROADS equal to zero and

adjusted the constant term so that the two graphs coincide in 1986.

The

plotted line is an estimate of what would have happened to PAK if no new
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roads had been built.

From this figure, we could conclude that had no

roads been built, rather than rising slowly between 1986 and 1991, PAK
would have decreased, although not by very much.
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5. DEMONSTRATION

5.1 INTRODUCTION
This chapter demonstrates the ideas outlined in Chapter 4 with an
analysis of a single SW tactic.

We analyze mobility and use PAR as our

proxy for mobility.

The tactic we analyze is building new roads (part

of Policy Area 14).

This was 'the only tactic we found that shows enough

of an impact to produce results, albeit not altogether convincing ones.
To illustrate the methodology, chapter 4 analyzed the same
outcome/tactic pair (PAK/building new roads).
data for the years 1986 through 1991.

There, we used national

In the present chapter, we use

provincial data for the same years.
Much of this chapter follows the same outline as Chapter 4.

In

Section 5.2 we describe the analysis file created for the demonstration.
In Section 5.3 we present a descriptive analysis of mobility and some
related externalities, and in Section 5.4 we explain how we tested the
hypothesis derived from the descriptive analysis.

In Section 5.5 we

introduce some new methodological material when we discuss sensitivity
analyses.

Finally, in Section 5.6 we present conclusions, and in

Section 5.7 we suggest further reading on statistical techniques.
5.2 THE DEMONSTRATION ANALYSIS FILE
The analysis file used for this demonstration has 72 cases (12
provinces, six years) and 55 variables.

Many of the variables were not

used in the demonstration, either because they were irrelevant or
because they were highly correlated with variables that were used.

In

this section, we focus on those variables that were used in the
demonstration analysis.

Appendix B contains a discussion of all of the

variables.
5.2.1 Time Period and Location Identifiers
Each record corresponds to a year and a province and is therefore
identified by two variables.

The variable YEAR indicates the year and

takes values 1986 through 1991.

The variable PROV indicates the
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province and takes values 1 through 12, corresponding to a common
geographical organization of the provinces.

The codes are listed in

Appendix B.
5.2.2 SW Outcomes
The demonstration focuses on mobility, in particular, car
mobility (PAK)--the number of kilometers traveled by all cars in the
Netherlands over a specified period of time.

The purpose of many SW

tactics is to reduce car mobility, not because car mobility is
necessarily a bad thing, but because the tail-pipe emissions from cars
(e.g., N0X, CO2) are bad things, and reducing car mobility is one way to
reduce these emissions and thus improve air quality.

Furthermore,

global measures of car mobility can be obtained while global measures of
air quality are not currently available.
The primary source for information about car mobility is the series
of publications de Mobiliteit van de Nederlandse Bevolking, which the
CBS has published annually since 1978.

These reports are based on the

Onderzoek Verplaatsing Gedrag (OVG) survey, an annual survey of persons
living permanently in the Netherlands.

In 1986 the survey protocol was

changed, so we limited our use of these survey data to the time period
1986 to the latest available.

In early 1993, when we did the analysis,

the latest published data from the survey covered 1991.

So, only six

years of data were available.
The OVG survey estimates the total amount of travel per year by
persons living permanently in the Netherlands in seven categories:

(1)

as a driver of an automobile,

(3)

on public transportation,
walking, and (7) other.

(2) as a passenger in an automobile,

(4) on a motorcycle,

(5) on a bicycle,

(6)

The first of these estimates is equivalent to

PAK, since every automobile has a driver when it is traveling.

However,

PAR excludes travel by holiday travelers from outside the Netherlands.
Data (not part of the above-mentioned mobility survey) were also
obtained on the number of persons who travel by train, by province of
origin, and province of destination.

Unfortunately, these counts

include only persons who explicitly purchased a ticket to travel from
one station to another and do not include persons on general passes
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(such as student passes) that allow unlimited travel on any train at any
time to any place.

We did obtain the total number of passengers per

year for the entire country, a number that includes all passengers, but
not at a provincial level.
5.2.3 SW Tactic Markers
We identified 10 SW tactics that were intended to reduce (or
change) mobility that had been implemented by 1992.

Two of these

tactics were not implemented until 1991; we did not create tactic
markers for them.

For the remaining eight tactics, we created 12

markers.
In addition to the eight SW tactics, we also created markers for
three changes introduced by the NS that could affect mobility but were
not part of the SW.

Technically, these variables represent

externalities, but because they are defined like SW tactic markers (and
would have been if they had been part of SW) , we include them here.
Tactic markers are denoted by variable names in the form Txx—My,
where "xx" is the policy area from which the tactic is derived, and "y"
is a serial number of the marker defined within the policy area.

For

the three external markers mentioned in the previous paragraph, the
markers are denoted by the names EXT_M1, EXT_M2, and EXT_M3,
respectively.
Table 5.1 summarizes the information on the tactics and markers
described above.

(The 13 tactics listed in the table correspond to the

13 tactics identified with an asterisk in the demonstration area EIM
presented in Appendix A.)
5.2.4 Externalities
We found enough information to define 34 variables representing
externalities, but many of these variables are highly correlated, so
some variables convey much the same information as others.
these 34 variables in three groups:
data, and (3) economic data.

(1) demographic data,

We discuss
(2) geographic
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Table 5.1
Demonstration Area Tactics and Tactic Markers

Tactic

12.03.03
12.04.01

13.02.03

13.03.03
13.04.02

14.01.02
and
14.02.02

16.01.02

26.01.02
30.01.01

Description

Marker

Description (19xx=year
began)

Reduce tax relief for car
T12_M1
Partial dummy (1990)a
commuters
Increase
T12_M2
Dummy for startcost
of program
of car and
public transport
(1991)
T13_M2
Number of train stations
opened (1986)
Improve rail infrastructure
T13_M3
Number of train stations
closed (1989)
Improve urban and regional
T13_M4
Number of projects (1986)
public transportation
T13_M1
Population of municipalities
Train taxi
affected (1990)
T14_M1
Length of "le rijbaan" built
(1986)b
T14_M2
Length of "2e rijbaan" built
(1986)b
Improve road infrastructure T14_M3
Length of "2 rijbanen" built
(1986)b
T14_M4
Length of "verbreding"
(1986) b
T16_M1
Number of carpool lots
Build
(1986)
park-and-ride car
pooling sites
T16_M2
Number of carpool spaces
(1986)
Public relations campaigns
None
(Most in 1992)

Company transportation
None
(Most in 1992)
management programs
13.xx.xx Free public transportation
EXT_M1
Partial dummy (1991)
for students
13.yy.yy Free public transportation
EXT_M2
Partial dummy (1989)
for military
13.zz.zz "Railrunner" discount for
EXT_M3
Partial dummy (1988)
children
a
By a "partial dummy," we mean a variable set equal to 1 for any year
after the year in which the tactic was implemented, 0 for any year
before the year in which the tactic was implemented, and equal to the
number of months the tactic was in force, divided by 12, for the year in
which the tactic was implemented. Thus, for a tactic that began in
August of 1988, the corresponding partial dummy would equal 0 for any
year before 1988, 1 for any year after 1988, and 5/12 for the year 1988
itself.
b
See Note 12, Appendix B for a definition of these tactics.
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Demographic Data
The only demographic data we used were age-specific population
counts.

These are reported annually in the Statistical Yearbook of the

CBS for ages 0-19 years, 20-64 years, and 65 years and older.

Because

the mobility survey covers persons aged 12 and older, and because 18 is
the minimum age to obtain a driver's license in the Netherlands, we used
the published numbers to estimate population sizes in age brackets 0-11
years, 12-18 years, 18-64 years, and 65 years and older.

It would have

been possible to obtain exact counts of the population in these age
brackets from CBC, but not in time for the demons l J. a lion piojecl.
Among the demographic data missing from our file that could be
quite important are data describing household composition.

In most

developed countries, households are getting smaller, and many travel
decisions depend on household, not individual, requirements.

For

example, a 4-person household probably only makes about half as many
trips a week per person to the grocery store as two 2-person households.
So, if households are getting smaller while the population remains about
the same, we might see an increase in mobility.
Geographic Data
The analysis file contains the land area of each province, by five
land-use categories (agriculture, woods, nature, cultivated, and other)
and by water area.

These numbers are reported for only one year (1985)

but do not change much, so the same set of numbers is used for every
year in the file.
The file contains information about the road system by province
(length of freeways, of other national roads, of provincial roads, and
of other roads), as well as the length of the public transportation
system (both the physical length of the system along which the public
transportation system runs, and the number of "seat-kilometers" offered
by the system in a given year).

As with the land area variables, these

quantities are known only for one calendar year; we were less certain
that they change only slowly from year to year, but assumed no change
over the years in our file.
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We obtained estimates of the number of cars and the number of
driving licenses.

The number of licenses was given only nationally, but

we imputed provincial numbers on the basis of population.
Missing from the file are data on urbanization, weather, and
industrial and commercial land use.
Economic Data
The CBS Statistical Yearbooks report the "recommended" prices of
motor fuels.

We also obtained estimates of the prices of various kinds

of transportation, in cents per passenger kilometer.

Finally, we

obtained estimates of the gross domestic product (two definitions) and
the per-capita income.

All these figures were expressed in 1991

guilders.
All of our economic data are known only for the entire country, so
we assigned the same numbers to each province.

Thus, the analysis file

pretends that each province faces exactly the same economic situation as
all other provinces.

For some of our data elements, this assumption

seems reasonable (e.g., gross domestic product), but there may exist
important economic differences among the provinces for which we should
control.

For gas prices, for example, this assumption is not

reasonable.

Gas prices differ by province; prices in provinces along

the German and Belgian borders partially depend on gas prices in Germany
and Belgium.

Information on the structure of the labor force,

unemployment, and regional per-capita income might be useful additions
to the file.
5.3 DESCRIPTIVE ANALYSIS
Appendix C displays the descriptive statistics for all of the
variables in the analysis file.

It shows the mean and standard

deviation, minimum, maximum, and five quantiles for each variable.

For

variables that take different values in different years, it shows the
average by year, and for variables that take different values in
different provinces, it shows the average by province.

One fact the

display of these annual and provincial statistics makes clear is that we
have very few data elements that vary both by year and province.

Most

of the structural variables (geography, road lengths, etc.) are known
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only for one particular year, while most of the economic variables (gas
prices, per-capita income, etc.) are known only for the entire country.
This fact limits the extent to which we can use the data to control for
externalities in our analysis.
In this section, we first discuss the outcome measure and then the
externalities and the tactic markers.
5.3.1 Description of the Outcome Measure
We have already displayed the values of the outcome measure, PAK,
in Chapter 4, Figures 4.2 through 4.6.
differs sharply among the provinces.

As would be expected, PAK
Figure 5.1 shows the values of PAK

by year and by province (see Appendix B, Data Dictionary Identifiers,
for province definitions).

For clarity, the provinces have been

arranged along the provincial axis so that the provinces with higher
average levels of PAK are plotted at the rear of the graph.

The figure

shows that, not surprisingly, PAK differs much more from province to
province than it does from year to year.

It also seems to follow a

slightly different historical pattern from province to province,
although we must keep in mind that since the measurements come from a
sample, such variation might be expected.
In spite of the fact that PAK appears to follow different histories
in the different provinces, a sharp rise in PAK in 1988 happened in
almost every province.

Figure 5.2 shows the average value of PAK for

the years 1986-1987 next to the average value of PAK for the years 19881991, by province.

PAK was lower in the former two years than it was in

the latter three in every province, although not to the same extent in
every province.

Since we have very little data that vary by province

and year, we have trouble "explaining" this phenomenon.
5.3.2 Description of Externalities
There are more than 30 externalities in our analysis file, and
while we have considered each of them in the course of preparing this
report, we are not going to discuss each of them here.

Instead, we

discuss only those externalities that we used while testing the
hypotheses formulated by the descriptive analysis.
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In our discussion of the methodology in Chapter 4, we used an
annual data file with only six records to illustrate our approach.

We

tested a hypothesis by fitting a model with just four parameters.

A

statistician would probably say (justifiably) that our model was
overfit, i.e., that we estimated too many parameters for the amount of
data we had.

An overfit model poses a threat to the validity of any

conclusions, since with enough parameters the model can fit almost
perfectly even if the parameters bear no relationship at all to the
dependent variable.
How many parameters are too many?

As usual, the answer to this

question depends on many things; in particular, on how much variation
there is in the variables, the degree of independence among variables,
and how well the variables "really" explain the underlying
phenomenon.

But as a rough rule of thumb, we would like to have at

least 20 cases in the analysis file for each estimated parameter (in
addition to the constant term).

Since our analysis file has 72 cases,

this means we should aim for a model with no more than four or five
parameters.

Since one of the parameters will be associated with the

tactic marker, our rule of thumb suggests that we should consider only
about three or four externalities.
Before specifying a hypothesis or a regression model to test the
hypothesis, we performed a descriptive analysis, as described in Section
4.3.

We examined each of the variables in the analysis file--producing

the descriptive statistics shown in Appendix C--and we examined various
measures of association among the variables (correlation coefficients,
cross tabulations, etc.), including their relationship with PAK.

This

exercise led us to select the following three variables as the variables
in the regression model:

1.

P18_64--the population aged 18 to 64.

2.

RD_FWY—the length of the freeway system.

3.

PR_REG--the price of regular petrol.

(As explained below, we eventually replaced PR_REG with another
variable, ECO_PC--per-capita income.)
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We chose these three variables using a combination of statistical
analysis and common sense.

In an analysis designed to persuade

policymakers, it is not enough to say that the variables were chosen on
the basis of some statistical process; the variables have to make sense
on an intuitive level as well.

Therefore, we favor an approach that

begins with thinking about what would make intuitive sense.
Good arguments can be made for including each of the three
variables in an analysis of mobility.

People drive cars, so where there

are more people, especially in the prime car-driving age bracket, we
will see more mobility.

Cars drive on roads and a lot of cars drive oh

freeways, so where we sec more freeways, we can eAy«et Lu see moze
mobility.

Driving a car costs money, so when the price of fuel for a

car goes up, we can expect to see mobility decrease.
One could also argue, however, that other variables ought to be
included as well--or instead.

For example, if the economy gets worse,

mobility may go down; where public transportation is scarce, carmobility may go up.

But, as we have explained above, too many variables

in a small file can lead to incorrect conclusions.

Instead, we carry

out an analysis with these three variables and consider alternatives in
a sensitivity analysis (see Section 5.5).
Figure 5.3 shows the average values of PAK and P18_64 over the six
years 1986-1991, plotted on the same graph for each of the 12 provinces.
The variable PAK is displayed as a bar graph; its axis is on the left.
The variable P18_64 is displayed as a line graph; its axis is on the
right.

The graph suggests that the size of the driving age population

is a strong predictor of mobility.

But the relationship is not perfect.

North Holland, for example, displays lower car mobility than North
Brabant, although the population of North Holland is higher than that of
North Brabant.
Figure 5.4 shows the average values of PAK and RD_FWY over the six
years of our data, plotted in a similar way to Figure 5.3.

Here, the

correspondence between mobility and the length of the freeway system is
not as close as that between mobility and population, but the
relationship is still clear.

The four provinces with the most freeways

also have the highest mobility rates.

On the other hand, the province
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with the most freeways

(Gelderland) has only the fourth highest mobility

rate.1
A graph like those in Figures 5.3 and 5.4, which show average
values by province,
our files,

is more difficult to make for economic variables in

such as PR_REG.

Figure 4.3, however, does show the

relationship between PR_REG and mobility by year.

A graph cannot be

drawn showing the relationship between RD_FWY and mobility by year,
because we know RD_FWY for only one year.
population variable,
province.

P18_64,

On the other hand, our

can be plotted both by year and by

Figure 4.2 shows P18_64 plotted by year.

5.3.3 Description of the Tactic Marker
As Table 5.1 shows, we defined 15 tactic markers for the mobility
demonstration area.

For the demonstration project, we use a single

marker, defined by combining two of the markers displayed in Table 5.1:

ROADS = T14_M1 + T14_M3.

This marker has a simple interpretation:

It measures the total

amount of new road-building, either single or double lane,

since 1986.

Our decision to use this single tactic marker when Table 5.1 shows
there are others that could have been used instead, or in addition,
is based on the following reasoning.
First of all, our analysis file contains 72 records.

As mentioned

in Section 5.3.2, we believe that a file of this size cannot be used to
support an analysis that uses more than four or five variables.
already identified three classes of externalities
geography,

and the economy)

the externalities.

We have

(demography,

that we think should be accounted for among

This leaves room for 1 or 2 markers.

Second, our analysis file covers the years 1986 through 1991.
Several of the markers defined in Table 5.1 describe tactics that were
implemented only in 1990 or 1991.
1

We decided not to consider these.

This may be caused by the fact that Gelderland has an unusual shape. Some
major roads (e.g., the A2 between Amsterdam and the southern provinces) pass through
part of Gelderland. So the length of highways may not be as directly related to the
mobility rate of persons living in the province as it is in other provinces.
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Third, several of the tactics mentioned in Table 5.1 cannot be
expected to have much impact on PAK.
Fourth, the simple analysis described in Chapter 4 suggested that
there could indeed be a relationship between our road building tactic
and PAK.

Similar exploratory analysis using the other markers, not

reported here, did not reveal much of a relationship.
Finally, we are describing a demonstration, not a completed
analysis.

With a bigger analysis file, more implemented tactics, and

further study, it may be possible to include additional tactic markers
in the analysis.
Figure 5.5 shows the average value of ROADS by province, along with
the average annual increase in mobility.

It indicates that in many

provinces where a lot of roads were built there were large increases in
mobility, although in some provinces there were not.

Figure 5.5 and the

discussion in Chapter 4 suggest the hypothesis that building new roads
leads to an increase in mobility.

In the next section we provide a

statistical test of this hypothesis.
5.4 TESTING
We began testing the hypothesis that building roads increases
mobility by estimating the parameters of the model:
PAKpy= a+ £1P18_64py + £2PR-REGpy

+

S3RD_FWYpy + £4ROADSpy + OTHERpy (1)

where the subscript p represents the province (ranging from 1 to 12) and
the subscript y represents the year (ranging from 1986 to 1991).

Table

5.2 shows our estimates of the parameters of this model.
The table shows that the estimate of the coefficient of ROADS, £4,
is statistically significantly different from zero, with a p-value that
is much smaller than the 0.05 level usually accepted as being "small
enough" to reject the null hypothesis.
surprise.

However, the model has one

The estimated coefficient of PR_REG is positive--that is, the

model says that as the price of petrol goes up, so does mobility-exactly the opposite of our expectations.
result of a measurement error:

This anomaly may be the

In the model, PR_REG has the same value
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in every province; in fact, fuel prices are not the same in every
province.
The anomaly could also result from correlations between PR_REG and
other variables in the model, from some extreme data point, from a
sampling error, or (most likely) from some combination of all of these.
A surprise like this calls for additional analysis.

Our response to the

surprise was to specify a slightly different model.

A more thorough

analysis should be carried out to try to determine exactly why the
surprise occurred.
Table 5.2
Multivariate Regression Results for Model 1

Variable

Parameter

Regression
estimate

p-value

(constant)

a

-4212.80

0.0380

P18_64

Si

6.59

0.0000

22.60

0.0527

PR_REG
RD_FWY

%

5.32

0.0000

ROADS

£4

19.13

0.0047

For this demonstration, our solution to the problem posed by the
wrong sign in front of PR_REG was to replace PR_REG by another economic
variable:

ECO_PC--per-capita income.

Both PR_REG and ECO_PC are

proxies for the cost of operating a car.

As PR_REG increases, the cost

of operating a car increases, and as ECO_PC increases, a car becomes
more affordable.

Figure 5.6 supports the assumption that as per-capita

income rises so does mobility.
Using per-capita income instead of the fuel price, we estimated the
coefficients of the model:
PAKpy=: 0C+ £1P18_64py + £2EC0—pcpy + £3RD_FWYpy + £4ROADSpy +OTHERpy (2)

Table 5.3 shows the estimates of the parameters of the new model.
The results of this regression are somewhat more satisfying.

Per-capita

income has a statistically significant, positive relationship with PAK,
which means that as per-capita income goes up so does mobility.

The
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regression coefficient for ROADS is still significantly positive, so the
model does not contradict the hypothesis that building new roads
increases mobility.

The coefficients of P18_64, RD_FWY, and ROADS are

also about the same as the estimates from the previous model, a sign
that the model is not overfit.
Table 5.3
Multivariate Regression Results for Model 2

Parameter

Regression
estimate

p-value

(constant)

a

-1965.12

0.0056

P18_64

51

6.58

0.0000

ECO_PC

52

6.30

0.0149

RD_FWY

s3
s4

5.40

0.0000

17.89

0.0065

Variable

ROADS

The foregoing discussion suggests that building new roads leads to
greater mobility.

We showed this conclusion was "statistically

significant," but we did not estimate its "statistical importance."
Figure 5.7 provides some insight into how important a change the new
roads caused.

As in a number of previous figures. Figure 5.7 shows the

actual values of PAK displayed as a bar graph.

The line graph shows the

estimated values of PAK, using the regression coefficients displayed in
Table 5.3 (except for the constant term), but setting the value of ROADS
equal to zero for every year.

We adjusted the constant term so that our

estimated value for PAK coincided with the actual value in 1986.

The

figure suggests that had no new roads been built, PAK would have been
slightly lower in 1991 than it actually was.

However, since the

estimated value seems to be rising upward faster than the actual value,
in a few years the estimate would be the same as the actual.

Thus, the

long-term impact of building new roads might eventually be obscured by
other factors.
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5.5 SENSITIVITY ANALYSIS
Sensitivity analysis tests whether the conclusions derived from a
model still hold under alternative specifications--for example, whether
the results are due to unique and unusual data points or to correlations
among the variables on the right-hand side of the equation.
do a thorough sensitivity analysis in this demonstration.

We did not
Instead, we

used several examples to illustrate the exercise.
The analysis described in Chapter 4 showed a sharp increase in
mobility in 1988.

To test whether this rise was "explained" by any of

the variables in our model, we modified our model to add a variable--a
marker for "1988 or later";

AFTER88y = 0 if y < 1988
AFTERS8y = 1 if y > 1988
Our new model is:
PAKpy= a + £1P18_64py + £2ECO_PCpy + S3RD_FWYpy + £4ROADSpy+%AFTER88y+
OTHERpy

(3)

The parameter estimates from this regression are displayed in Table
5.4.

The estimate of the coefficient of AFTERS8 is positive and highly

significant, which means that the sharp increase in mobility that
occurred in 1988 is not well explained by changes in the other variables
in the model.

The coefficient of ECO_PC is now negative, but (unlike

the situation in Table 5.3) the p-value is far too large to conclude
that the true value of ECO_PC is anything but zero.
the performance of Model 2 to that of Model 3.

Figure 5.8 compares

The bar graph shows the

actual value of PAK by year; the two line graphs show the estimated
value using the coefficients of the two models.

The model that uses

AFTERS8 tracks mobility over time much better than the earlier model.
Something happened to PAK in 1988, but we do not know what it was.
The regression coefficient for ROADS remains statistically
significant in Model 3.

This means that the reason this coefficient is

statistically significant is not because it somehow explains the 1988
jump.

This provides support for our conclusion about ROADS.
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Table 5.4
Multivariate Regression Results for Model 3
Variable

Parameter

(constant)

a

-479.00

0.5172

P18_64

51

6.55

0.0000

ECO_PC

52

-0.82

0.7813

RD_FWY

53

5.72

0.0000

ROADS

54

13.34

0.0278

AFTERS8

s5

692.90

0.0003

Regression
Estimate

p-value

It is worth pointing out that the "railrunner" ticket, which gives
one-guilder train rides to children under the age of twelve who are
traveling with their parents, began in 1988.
event

(EXT_M3) coincides with AFTER88.

The tactic marker for this

The same statistical methods we

used to support the hypothesis that building new roads increased cardriver mobility could also be used to support the hypothesis that
introducing the railrunner ticket increased car-driver mobility.
conclusion hardly seems reasonable.

Such a

The statistical approach described

here can lead to plainly incorrect conclusions if it is not used with
common sense.
We conclude with a brief discussion of the technical assumptions
behind the statistical tests we have used.
We have considered models of the form:
Y

n =

S

0

+

S x

l l,n

+

fi x

2 2,n + ••• + ^p-lXp-l.n

+

e

n

where Yn is an outcome measure, X1<n is a tactic marker,

(n,

. . . ,Xp.^(n

are externalities, and en is an "error" term. In this representation of
the model,

the subscript n ranges from 1 to 72, each value representing

one province for one year (for example, n ranging from 1 through 6 might
represent Groningen for the years 1986 through 1991, n from 7 through 12
might represent Friesland for these years, etc.).
rejected)

a null hypothesis that S1=0.

We have tested (and

This rejection provides support

for the hypothesis that an association exists between the tactic marker
and the outcome.
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In order for the test we have used to be valid, the following
assumptions must hold:

1.

Each of the error terms, en, must be normally distributed with
mean 0, variance s2.

2.

The error terms must be mutually uncorrelated--that is, the
correlation coefficient between any two of them must be zero.

We will show that these two assumptions appear to hold.
The discussion makes much use of what statisticians call residuals.
A residual is the difference between an estimate and its actual value.
For a model like the one displayed above, a residual is a quantity of
the form:
e

n “

Y

n

-

bo ~

- b2;nX2(n -

...

- bp_2 (nXp_-[_ (n

where b0,b1(....bp^ are the estimated values of the beta coefficients
of the model.
en.

Each en is an estimator of the corresponding error term,

Inferences about these error terms can be made from these

residuals.
For various technical reasons (see Chapter 5 of Weisberg, 1985, for
a full discussion), it is a good idea to rescale the residuals so they
have a common mean and variance.

The so-called "studentized" residuals

are defined by dividing each residual value by an estimate of its
standard deviation.

If assumptions behind the model are correct, the

studentized residuals will all have a variance of 1.
Figure 5.9 displays a histogram of the studentized residuals for
the model described in Section 5.3.

Drawn over the histogram is the

graph of the standard normal distribution.
cases, our histogram is fairly coarse.

Because we have only 72

If we had many cases so that the

cell sizes for our histogram could be quite small, and if assumption 1
were true, our histogram should match the normal curve very closely.
it stands, we can say only that the histogram matches the normal curve
"fairly closely," and that there does not seem to be strong evidence
that the residuals follow a very different distribution.

As
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(Below, we will discuss a statistical test that shows we cannot reject
the hypothesis that the residuals are normally distributed.)
Figure 5.10 contains what statisticians call a "normal probability
plot" of the residuals.2

The small circles plot the number of times the

residuals were less than some value (on the x-axis) vs. the expected
number of times this would happen if the residuals were indeed normally
distributed (on the y-axis).

However,

the axes are labeled not in terms

of frequencies, but in terms of standard deviations.

So,

for example,

the little circle plotted at x=0 represents the median residual.
straight line shows where the data should theoretically fall.

The

The fact

that the little circles fall pretty closely to the straight line is
evidence that they come from a normal distribution.

A standard test for

normality is called the Kolmogorov-Smirnov test, which we will not
explain any further here (see Keller, Warrack, and Bartel,

1988, pp.

553-557), but almost any introductory statistics textbook should contain
a discussion of this test.

For our data,

the hypothesis that the

residuals are normal cannot be rejected at any reasonable level of
significance—i.e., there is little evidence to support the possibility
that the residuals are not normally distributed.
Turning now to the second of the two assumptions that must hold in
order for our conclusions to be valid, one potential problem that
immediately comes to mind is the fact that for each province our data
come from a time series of observations from 1986 through 1991.
series data are typically autocorrelated,

that is,

Time

the error term from

one year is correlated with that of the preceding year.
Figure 5.11 gives some evidence that the error terms for our model
are not autocorrelated.
e

n-l

(°n

the

x-axis)

Each point in this figure plots the residual

against the residual en (on the y-axis), where the

observations are ordered by province, and within province, by year.
Those observations corresponding to 1986, however,

are not plotted,

since that would amount to checking whether the error term for 1986 in
one province

(Gelderland,

say)

is correlated with the error term for

1991 in the province that comes before Gelderland in the file
2

Here, and in the following figures, the residuals have been standardized as
described above.
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(Flevoland, in this case).

If the error terms were autocorrelated over

time, we would see these pairs falling along a line.

In fact, they seem

to be scattered all over the graph and show no evidence of
autocorrelation.
To formally test for autocorrelation of the residuals, we
calculated the correlation coefficient between the points on the graph.
It was 0.21.

This means we could reject the hypothesis that the points

are correlated at the 11 percent significance level.
faint

This provides a

suggestion that the observations might be somewhat

autocorrelated; we feel it poses no threat to our conclusions.
Finally, we illustrate another sensitivity analysis technique by
checking whether or not our results might have been produced by unusual
circumstances in just a few of the cases in our analysis file.

The

technique is called "influence analysis."
Influence analysis addresses the problem that, in a regression
model, removing a single case can change the results a lot.

In our

model, for example, this might happen if PAK were unusually large in
some province in some year, so that the regression were really just
trying to fit a line between this single case and the center of all of
the other cases.
One way to test the influence of each case in our demonstration
would be to run 72 regressions, each with a different case removed, and
see whether any of them is very different from the others.

Fortunately,

a statistic can be calculated for each case that measures how big a
change we would see if we removed that case.
Cook's Distance.

(See Weisberg, 1985, Section 5.3, for a definition and

thorough discussion of this test.)
the model reported in Table 5.3.
was about 0.5.

The statistic is called

We calculated Cook's Distance for
The largest value of Cook's Distance

According to Weisberg [1985, p. 120],

"[i]f the largest

[distance] is substantially less than 1, deletion of a case will not
change the estimate [of the coefficients] by much."

To confirm this

statement, we removed four cases with the four highest values of Cook's
Distance (ranging from about 0.2 to about 0.5) and reran our regression
with the 68 remaining cases.

The estimated coefficients changed very

little; in particular, the coefficient of ROADS dropped from 17.9 to
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15.3, with a p-value of 0.0047,

so support for our hypothesis that

building new roads increased mobility remains strong.

5.6 CONCLUSIONS FROM THE DEMONSTRATION ANALYSIS
We have explained a methodology, presented an example using actual
data, and shown that the methodology can support the contention that a
particular tactic has had an effect on an important outcome.
One can conclude from the demonstration that

1.

Building new roads appears to cause an increase in mobility.
The statistically significant regression coefficient displayed
in Table 5.2 suggests that each additional kilometer of new
main national highway increases PAK by about 19 million km per
year.3

2.

Had no roads been built, mobility would probably have increased
anyway, but not as fast as it did.

This can be seen in Figure

5.7, where the PAK estimated in absence of new roads is
somewhat lower in 1991 than the actual PAK.

Nevertheless,

the

figure suggests that in a few years the mobility in absence of
these new roads would probably have been about the same as the
actual mobility.
3.

Per-capita income appears to have a strong positive effect on
mobility (see Table 5.3).

So, as standards of living improve,

mobility is likely to increase unless it can be checked by
other factors.

5.7 FURTHER READING ON STATISTICAL TECHNIQUES
The statistical techniques used in this study are standard.

Almost

any introductory text with a phrase such as "multivariate analysis" or
"regression" should contain an adequate discussion of the techniques.
3

Is this reasonable? Nineteen million km/yr is about the same as 2,200 km/hr.
So if a new kilometer of road sees an average of about 2,200 cars/hr (about 18 cars
per minute in each direction), that would account for about 19 million km of driving
per year. And, presumably, a new road increases traffic on existing roads too. So
the coefficient does not seem out of line.

-79-

Texts in English that we would recommend include Draper and Smith, 1981;
Chatterjee and Price, 1977; and Weisberg, 1985.
At a much more technical level, particularly with respect to power
calculations in regression analysis, the reader could consult Searle,
1971, or Seber, 1977.
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6. NEXT STEPS

6.1 MAKING THE METHODOLOGY WORK BETTER
The demonstration shows that the methodology works.
our opinion, very complicated; yet,

It is not,

in

it can provide both a simple

description of how a tactic can affect an outcome (e.g.,
as well as a sound statistical test of the results.

see Figure 5.7)

We think it is a

good way to meet the needs of policymakers for an easily understood but
rigorous analysis of the consequences of their decisions.
We would point out, however,

that in early 1993, when most of the

analysis described in this report was completed--more than two years
after the publication of the Second Transport Structure Plan--we could
find only a small number of tactics affecting mobility that had actually
been implemented and only a slender file of data that could be used to
analyze those tactics.

We suppose the natural course of events will

solve the first of these problems.
data--will not solve itself.

The second problem--lack of useful

For the methodology described here to be

useful, the Ministry will need to devote resources to improving the
quantity and quality of the underlying data--outcomes, markers, and
externalities.
institutions.

The Netherlands already has superb data gathering
It is our impression that all the data the Ministry would

need for this methodology already exist somewhere; the problem is
finding them.

This may take specialized knowledge and more focused

resources than have been devoted to this activity so far.

Specifically,

we suggest that preparation for the next round of SW analysis should
aim for four things:

1.

Use a 10-year data file instead of a 6-year data file.

2.

Obtain more regional-level data.

3.

Establish a mechanism for keeping track of the implementation
of tactics.

4.

Hire a trained statistician.
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We discuss each of these four suggestions below.
6.1.1 Use a 10-Year Data File
The demonstration analysis used a six-year data file that covered
the years 1986 through 1991.

For the next round of analysis, we suggest

using at least 10 years of data (e.g., data that cover the years 1984
through 1993).

The data for 1992 and 1993 should be available soon.

For the car-mobility demonstration area, adding the years 1984 and
1985 would mean adding data gathered before the OVG protocol was
changed.

We agree that the change could threaten the validity of

mobility estimates.

However, there are at least three points to

consider:

1.

Provincial-level estimates that use all respondents to the
survey may not be much affected by the protocol change.

2.

Protocol change effects can be tested and sometimes compensated
for.

3.

Estimates from the mobility survey are not the only source of
mobility outcomes.

6.1.2 Use More Regional-Level Data
Few provincial-level data were found for the demonstration project.
In the future, policy analyses and evaluations will need to be done by
transport region.

Whichever region is relevant, for useful analyses,

more regional data should be assembled.

For example, for improving the

demonstration analysis, the following would be helpful:

1.

Demographic data.

The analysis would be helped by having

counts of households by region (households, rather than
individuals, make trips, and household compositions have been
changing in most countries in the last decade or so).
2.

Economic data.

The structure of the labor force and measures

of unemployment may not be identical over time in different
regions.
3.

Public transportation.

Provincial-level data that are

currently available on train, passengers count only persons
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traveling on specific ticket and do not count persons traveling
on annual passes (e.g., student or military passes).

Few of the data elements needed at the regional level appear to be
available in published sources.

Therefore, to obtain them, it will be

necessary to make direct arrangements with data providers (e.g., CBS).
This will take some time, but once the arrangements are in place, it
should be possible to maintain the relationship into the future,
allowing easy updates of the analysis file.

Such arrangements may also

mean the data will be available earlier than they would be if published
documents alone were used.
6.1.3 Keep Track of Tactic Implementation
The SW Aktieboek is useful for understanding how the
implementation of the SW is being managed.

For each action, it

identifies its estimated completion date, total cost, and budget for the
year, and identifies the person(s) responsible for its implementation.
However, it is not useful for determining when and where an action was
actually implemented.

The latter information is what is required to

construct the tactic markers needed to apply the methodology.
currently no easy way to determine the tactic markers.

There is

We recommend

establishing a system for keeping track of the implementation of SW
tactics.

For example, the person responsible for implementation of a

tactic could submit a standard form to a central agency annually that
would describe implementation activity for that tactic during that year
(e.g., where and when railroad stations were opened, where and when
drunk driving messages were aired on television, where and when carpool
lots were opened).
6.1.4 Hire a Trained Statistician
To a trained statistician, the methodology presented here is
simple.

Nevertheless, to a smart policy analyst without technical

statistical training, the methodology may appear to be rather
complicated.

Although the Ministry staff includes people with a wide

range of expertise, it does not include a trained statistician who could
defend and explain the methodology with the confidence that comes from
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familiarity.

The application of this methodology would be much

facilitated by involving a professionally trained statistician in its
future development and execution.
6.2 CHOOSING OTHER TACTICS FOR APPLICATION OF THE METHODOLOGY
For a particular tactic, deciding how well the methodology will
work depends upon a number of factors--among them the following:

1.

How big a change the tactic is expected to make.

(The bigger

the change the better.)
2.

How well external influences are controlled for.

(The more

control the better.)
3.

How independent the tactic is from external influences.

(The

more independent the better.)
4.

How much variation there is in the outcomes and in the tactic
markers.

(The less variation in the outcomes the better; the

more variation in the tactic markers the better.)
5.

How many years of data are available, both before and after the
tactic was initiated.

6.

How many different geographic regions (e.g., provinces) can be
observed.

7.

(The more data the better.)

(The more geographic regions the better.)

How accurately all relevant variables (outcomes, markers, and
externalities) can be measured.

(The more accurate the

better.)

Of these factors, the first is the most important, and at the same
time the least technical.

If the expected impact is small, it will be

very difficult for a statistical analysis to find it, even if all of the
other factors are favorable.

If it is expected to be large, it makes

the tactic worthy of study (even if the actual impact turns out to be
small).

The remaining factors are statistical ones and depend more on

how the methodology is set up to measure the impact of a tactic than on
how the tactic itself works.

The statistician implementing the

methodology would have to decide what it would take to determine the
tactic's impact, based on the answer to the first question.
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Thus, to decide whether the methodology will be able to detect a
tactic's impact, we envision two jobs--one for the policymaker who
proposes the tactic, the second for the statistician who implements the
methodology for the tactic.

We discuss each job in turn.

6.2.1 The Policymaker's Job
To decide whether the methodology would work, the policymaker has
to decide what it means to "have worked."

That is, he or she must

specify how big an impact the tactic must have on the outcome to justify
the effort and/or expense of that tactic.

That is, he or she must

establish the minimum impact to be detected.
In discussing this issue, it will help to introduce the technical
concept of an elasticity, which can be used to discuss the relationship
between a tactic and an impact in a general way, free from the
particular details of how the tactic and the impact will be measured.
In Table 5.2, we reported that the estimated regression coefficient for
the tactic marker ROADS (average annual length of new roads built) was
about 19.

If we look at the part of the regression equation in which

this coefficient appears, we get:
PAK = 19 x ROADS + ...
In this expression, PAK is measured in min km/yr and ROADS is
measured in km, so the value of the regression coefficient implies that
each kilometer of new roads increases PAK by about 19 million km/year.
We would like to express this relationship in a way that is free
from the underlying units of measurement.

The average value for ROADS

is 12.67 km, so a 1 percent increase in ROADS means an increase of about
.13 km.

Our regression coefficient suggests that .13 km of roads would

increase PAK by .13 x 19 = 2.5 million km/yr.

The average value for PAK

is 6,156 min km/yr, so an increase of 2.5 million km/yr corresponds to
about a 0.04 percent increase in PAK.

Putting these facts together, we

can say that a I percent increase in ROADS corresponds to a 0.04 percent
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increase in PAK.

Another way of expressing this fact is to say that the

elasticity of PAK with respect to ROADS is 0.04.1
The elasticity of an outcome with respect to a tactic describes the
impact of the tactic on the outcome independently of the units used to
measure either the tactic or the outcome.

Therefore,

it can be used to

discuss the relationship between any tactic and any outcome.

Below, we

will present a formula showing how large the elasticity must be for the
impact to be detected.

So, once the policymaker specifies how large an

impact the policy is expected to make, the statistician can translate
this specification into an elasticity.

He or she can then attempt to

design an analysis that will detect the impact,

if it turns out to be as

large as the policymaker wants to detect.

6.2.2 The Statistician's Job
The statistician's job is to see if it is possible to design an
instance of the methodology that will detect an impact at least as great
as the minimum impact specified by the policymaker.

To explain the job,

we need to review the general approach laid out in Chapter 4.

We would

like to be able to say "this tactic was effective in changing this
outcome."

1.

Here are the steps to follow to test this statement:

Express the relationship between "outcome" and "tactic" in
terms of an unknown parameter (3 (say) by writing a regression
equation,

such as:

outcome = (3 x tactic + externalities + error

2.

Translate the assertion "this tactic was effective in changing
this outcome" into a statement about p.

In fact, we translate

the statement "this tactic is ineffective in changing this
outcome" into the "null hypothesis"--H0:P=0--and try to use
data to reject the null hypothesis.
■'■Formally, the elasticity of one variable Y with respect to another variable X
is (AY/E(Y))/(AX/E(X)), where AY (Ax) is the change in Y (X) and E(Y) (E(X)) is the
expected value of Y (X).
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3.

To reject the null hypothesis, we use a data set to calculate
an estimator, b, of p.

We reject the null hypothesis only if b

is "big enough," that is, if lb|>c for some critical value c.
4.

The critical value c is chosen so that the probability of
rejecting the null hypothesis if it is true is small.

That is,

we pick c so that:
Prob(|bl>c I p=0 ) = a,
where a is typically set equal to 0.05, although this is an
arbitrary choice. a is sometimes called the size of the
test.

The above ideas have been used in Chapters 4 and 5.
introduce a new idea.

We now

The statistical power of a test is, loosely, the

probability of rejecting a false null hypothesis.

More precisely, it is

the quantity:
7tx = Prob ( I b I >c I P=x )

.

An assertion of the form "P=x", where x*0, is an alternative (to
the null hypothesis) and the power of a test is not a single number, but
a function defined for each alternative.^
It is clear that if the null hypothesis is just a "little bit
false" (e.g., if P=0.0001 instead of p=0), then we would not expect to
reject it (in fact, we might not want to reject it).

If the null

hypothesis is "very false" (e.g., if P=1,000,000), then we would hope
that our chances of rejecting it were very good.3

We will say an

alternative is "detectable" if under that alternative the probability of
rejecting the null hypothesis is high enough.4

For "high enough,

^Statisticians usually use the Greek letter Pto denote the power of a test. They
also usually use the same letter to denote a regression coefficient. We go along with
the second convention, but to avoid confusion we use different notation for the first.
3
0f course, whether 0.0001 is a "little bit different" from 0 or a "lot
different" depends entirely on the context, and in particular, on the choice of units
of measure. But typically, a researcher will choose units so that 0.0001 would look
small and 1,000,000 would look large.
4The term "detectable" is not standard statistical jargon.
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researchers most often pick 0.8 (see Cohen, 1987, pp. 51 54, for one
explanation, perhaps the earliest)--but this is an arbitrary choice,
just as the significance level of 0.05 is an arbitrary choice.
Xt follows from these considerations that an alternative hypothesis
(3=d is detectable if
K < Prob(lb|>c I (3=d )
and n is the "high enough" probability (usually 0.8) chosen by the
researcher.

Note that the detectable level depends on the size of the

test (usually 0.05) and the value selected for K.
For the test of a regression coefficient used in the methodology
introduced in this report, the conditions for a detectable alternative
are:
(1)

where:

e = the elasticity of the outcome with respect to the tactic
marker.
N = the number of cases, i.e., the number of years times the number
of regions for which data can be gathered (12 provinces for the
demonstration, but any other set of regions could be used).
v = the coefficient of variation of the outcome (that is, the
standard deviation of the outcome divided by its mean).
= the coefficient of variation of the tactic marker.
R2 = r-square (coefficient of determination) for the regression of
2

R1

outcome on the marker and on the externalities.
_ r-square for the regression of tactic marker on the
externalities.

Yn

TT

= a constant that depends on the size cc and the "big enough
probability K.

For <x=0.05 and n=0.8, its value is 2.8.
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We call the right-hand side of the above equation the "minimum
detectable elasticity."

We would like to make it as small as possible:

the smaller it is, the smaller the relative change in the impact measure
we are likely to detect.

The formula tells us a number of ways in which

we can make it small:

1.

Make R2 large.

The better job our model does in explaining

changes in the outcome measure, the better job it will do in
detecting an effect.
2.

Make R^2 small.

That is, it would be helpful if the tactic

marker were relatively independent of the externalities.
3.

Make N large.

We would like as many cases as possible.

4.

Make the coefficient of variation of the outcome measure (v)
small and the coefficient of variation of the tactic marker
(vj) large.

A Rijkswaterstaat report [van der Waard, 1990] contains estimates
of elasticities for the response of mobility against various cost
factors.

For example, the elasticity of car-driver mobility for week-

day driving against the cost of fuel is -0.48.

Under reasonable

assumptions about the other parameters (coefficients of variation,
etc.), an effect with an elasticity in this range can be detected with a
sample size of around 100 cases.

This finding assumes that about half

of the variation in the outcome can be explained by externalities, that
the tactic marker is almost completely independent of the externalities,
and that the coefficients of variation are about equal.

Making sure

these conditions are met would pose the major challenge to designing the
study.
In the next subsection, we apply the formula on the previous page
to the demonstration model.
6.2.3 An Example
The top line in Figure 6.1 plots the minimum detectable elasticity
for the demonstration model (discussed in Chapter 5) as a function of
the number of cases in the analysis file, using significance level 0.05
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Figure 6.1--Minimum Detectable Elasticity vs. Sample Size

168
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and power 0.8.

The demonstration file had 72 cases (six years, 12

provinces), corresponding to the left-hand limit of the x-axis.
Although the demonstration succeeded in rejecting the null
hypothesis, there are ways to make it more sensitive than it was.
First, among the improvements we can expect in future implementations is
to increase the number of years for which data are available from the 6
years used by the demonstration to at least 10 years.

Continuing with

12 provinces, this increases the size of the analysis file from 72 cases
to 120 cases and, as the top line of the graph shows, provides
significant improvement in the elasticity between tactic and outcome
that the methodology is able to detect.
For the demonstration, the r-square of the tactic marker vs. the
other externalities was about 0.38--thus the tactic marker was somewhat
dependent on the externalities.

The second line of Figure 6.1, marked

"improved externalities," shows the improvement we could obtain if this
r-square could be reduced to 0.10.

We think this is an achievable

goal--mostly by improving the "library" of externalities available to
the analyst, but also by investing more effort in the definition and
measurement of the tactic markers.
The third line in Figure 6.1, marked "improved outcomes," shows the
improvement we could expect if, in addition to reducing the r-square of
the tactic marker with respect to the other externalities, we could
measure the outcome with greater precision (in this case, by reducing
the coefficient of variation to 75 percent of its value in the
demonstration).

This does not seem to represent an unreasonable goal.

The final line in Figure 6.1, marked "two markers," is an estimate
of elasticity if in addition to the two improvements outlined above, we
used two more or less independent tactic markers for related tactics
instead of one.

The hypothesis tested would then be of the form:

Ho:Pi=p2=o
where

is the regression coefficient for tactic i,

(i = l,2).

If we

were to end up rejecting this hypothesis, all we would know is that at
least one of the two coefficients is different from zero--but we may not
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know which one.
useful result!

From the policymaker's perspective, this may be a very
(See Section 6.3 for a generalization of this test.)

It would have been nice to be able to combine the information on
elasticities published in van der Waard, 1990, with the graph shown in
Figure 6.1 to draw some further conclusions.

However, the published

elasticities are all concerned with pricing tactics, whereas Figure 6.1
applies to a management tactic (building new roads), and there is no
simple relationship between the minimum detectable elasticities for the
two kinds of tactics.
A graph like Figure 6.1 could be drawn for a pricing tactic.

To

draw such a graph, the analyst would have to specify the relevant
parameters for Equation (1) above.

The value of these parameters will

depend, of course, on the properties of the variables in the data file
the analyst plans to use, which will be different from the data we used
for our tactics.

When such information is available, a graph like

Figure 6.1 could be drawn and would be a useful tool for planning the
evaluation of a pricing tactic.
Many of the elasticities in van der Waard, 1990, are much bigger
(in absolute value) than the elasticities necessary to detect an effect
shown in Figure 6.1.

This fact suggests that detecting the effect of a

pricing tactic might be easier than detecting the effect of a management
tactic, but whether this is so or not depends on many other factors.
Selecting a pricing tactic for the next test of the methodology
described in this report appears to be a promising idea.
6.2.4 Conclusions
The foregoing example shows that relatively simple improvements to
the quality of the data file—a somewhat longer data series, and a
slightly more complicated null hypothesis (two markers instead of one)-improves the minimum detectable elasticity by about a factor of three.
Figure 6.1 also suggests that there is far more to be gained by
improving the quality of the data than there is by waiting for more
years to elapse--the improvement in the minimum detectable elasticity is
quite marginal beyond 10 years of data.
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These findings suggest that the methodology can be made much more
sensitive than it was for the demonstration, provided the quality of the
underlying data can be improved.

A decision as to whether to use this

methodology should be based on whether such improvements in the
underlying data are possible in general, and whether resources are
available to implement these improvements.
6.3 TESTING MORE GENERAL HYPOTHESES
The demonstration tested the hypothesis that a single tactic
(building more roads) had an effect on an important outcome (mobility).
The methodology can be extended to test the effects of groups of related
tactics.
For example, several of the tactics described in Table 5.1 could
not be realistically tested by the demonstration because they had been
introduced too recently.

These include two tactics designed to make car

transportation more expensive (12.03.03 and 12.04.01), public relations
campaigns, and company transportation management programs (26.01.02 and
30.01.01) .

Suppose that in about 1994 or 1995, an analyst wishes to

test whether these tactics had any effect on mobility.

The analyst

could use the methodology described in Chapter 4 to test each tactic
individually.

But it is also possible to test whether the tactics as a

group had an effect.
Suppose we consider four tactic markers, one for each of the four
tactics mentioned in the paragraph above.

For simplicity, we denote the

four markers by the symbols Mi, M2, M3, and M4.

We can express the

relationship between PAK and these tactics, while controlling for
externalities, by writing an expression like:
PAK = a + eiEXi + e 2EX2 + ... + P1M1 + P2M2 + P3M3 + P4M4,
where EXi, EX2, ... represent externalities (e.g., the economy,
population, etc.), and a, ei, £2» •••/ Pl( P2< •••
will estimate.

are

coefficients that we

To test whether the four tactics as a group had any

statistically significant effect on the outcome, we would test the null
hypothesis:
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HO:PI=P2=P3=P4=0-

Standard statistical techniques, a bit too complicated to be
explained here (see, e.g., Seber, 1977, Draper and Smith, 1981, or
Searle, 1971), will show whether such a hypothesis can be rejected for a
given significance level.

Notice, however, that the null hypothesis is

the conjunction of four simple hypotheses of the type used for the
demonstration project.
H0: Pi=0

AND

That is,

p2=0

AND

HQ

p3=0

is really the hypothesis:
AND

P4 = 0

If this null hypothesis is rejected, that means.
OR

P2*0

In other words, if

OR
HQ

P3*0

OR

p4*0

can be rejected, that means that at least one of

the four tactics had an effect on the outcome.

But it might not be

possible to identify which of the four had that effect.
This is because it might be the case that the compound null
hypothesis

HQ

can be rejected, but none of the individual null

hypotheses:
HIQ:

PI=0

can be rejected.

H2O:

p2=0

H3o: p3=0

OR

H4o: P4=0

That is, our statistical test of the compound null

hypothesis may tell us that it can be rejected at the 5 percent
significance level, but the corresponding regression analysis, expressed
in the form similar to that of Table 5.2, might have p-values that are
all above 0.05.

(For example, we might end up with a result like that

in Table 6.1, where the compound hypothesis can be rejected at the 0.01
significance level, but none of the individual tactic markers have
statistically significant regression coefficients.)
For a policymaker, such a result could mean two things.

First,

that the tactics are working, as a group, even though it is not possible
to decide which of the individual tactics is working.

(In this case,

the tactics should be continued, or perhaps even strengthened.)

Second,
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that one needs to wait longer, or work harder at the analysis, to
identify which of the individual tactics are truly effective.

Table 6.1
Hypothetical Regression Results
for Testing a Group of Tactics
Variable
(constant)
P18_64
PR_REG
RD_FWY
Mi
M2
M3
M4
Compound hypothesis
involving Mi, M2, M3, M4

p-value
0.0380
0.0000
0.0527
0.0000
0.1000
0•0800
0.2000
0.0700
0.0100
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Appendix A
EXPECTED INTERACTION MATRIX FOR THE DEMONSTRATION AREA

Table A.1
Expected Interaction Matrix for the Demonstration Area

Tactic ID
TTTTmiT
07.03.02
GOO'S
08.01.04
io’tfttfi

Tactic
Description
Design cities to be car unfriendly & bicycle/PT friendly
Pilot projects to increase use of PT tor recreational Irattic
Esta&lisH TOrms Iof employee parliing spaces
Experirnenj with new ..parking .jpolictes
Expenrrierii 'with
lelei-wdriting

Tactic
Indicator
pilot projects (e g , Houten)
pilot projects (e g , Floriade bus)
implement norms

10.04.01

Experiment with P+R lease pass

implement

10.02.01

Experiment

implement

12 63 03*

TaxrelierfdrMrcdmmuieisTreiskdslenfdrlaiij
MafwPTIarOTandyariaWecarcodscomparable
Improve rail
intrastmciure
Improve uiban & regional PT (stads- en streekvervoer)

12.04.or
13.62.03*
13.03.03*

with

teie-leaming

13.04.02*
13.04.03
13.06.02

Extend train taxi locations
Increase use ol taxi
Evaluate company collective transport programs
Build inieniationa roads
Build domestic roads
14.02.02*
14.04.02
Improve Iraific management
Pertorm road maintenance
14.05.05
14.05.06
Make saiety improvements to existing roads
14.05.04
Carry out maintenance research
•VS:’6T6'2"' ' Aciibns' io get people td'switch from cars id Bicycles (cenirafj

iiroive?*"

implement expenments (e g., iri Ministryj
experiments
experiment

in

Tilburg

changes jn jares & gas prices
approval ol regional & local plans
new
start

locations
ol pilot projects

roads ’opened
roads opened
# actions
# actions
# actions

15.01.03
15.02.02

Improve chain from bicycle to PT (central govt.)
Actions to get people to switch from cars lo bicycles (regional)

15.02.03
15.02.04
15.02.05

Improve chain from bicycle lo PT (regional)
Build bicycle paths
Stimulate bicycle use

18.602

Improve" "travel Vnidrmaiidn systems lor PT (Prlsj

comb, policy bid.
# sample proj.
support local gov.
comb, policy blc.
comb, policy blc.
# sample proj.
comb, policy blc.
inveslmenls
#
sample projects
# carp<x>llng sites
# inibsysiems

18 02.04
26'.'6"1 V6'6'*
36.601
30.02.02*
Is.xxixx*
13.yy.yy’
13.zz.zz*

Build information system lor Roriade visitors (FLORISj
BdijcSe’car" dfiyers to”'iise"’cars’7ess™"”"’^”["[]’’”’"'
Iniroduoe "company transp management programs (experiments)
Introduce company transp management programs (• ul(scale)
Introduce free public lranspdriation lor students
Introduce free public transportation lor military personnel
Introduce "railrunner* fare lor children

messages on TV, radio, bi I (boards, etc"
experiment's in ’urban areas
start
project
cards issued
cards issued
lares changed

Table A.1--continued

Tactic

ID

67 6101
07.03.02
'SO'O'j'

08.01.04
TOO'1
10.04.01

Intermediate

Response

eyaluation pitol projects
parli A-S area
impl. partring policy
"evaTuaiiori
evaluation

10.02 01

evaluation

Ultimate Response
car kilometers
car kilometers
car Kifomeier
car kilometer
car kilometers
bicycle kms
car kilometers
bicycle kms
car kilometers

V

T0'0'3

12.04.or

■rs:s'2:ff3v
13.03.03‘
13.04 02*
13.04.03
13.06.02

v

TO'i".S2

14.02.02"
14.04.02
14.05 05
14.05 06
14.05.04

TS.iJ'OiT

open new tries anii stSions
open new lines

evaluation
"#’kms' rbaii’’
# kms road

*

actions

car lulometers
iraih person kilometers
car klometers
public transp. kilometers
car kilometers
car kilometers
car
car
car
car
car

krlometers
kilometers
kilometers
klometers
klometers

walhflL .lime
"6ic’y’de"’’km’s

bicycle
15.01.03
15.02.02
15.02.03
15.02.04
15.02.05

T6"8i76'2v"

support lor policy
# actions
# actions
# actions
# bicycle path kms
#’passenpers/car'.
"mdcfal "’’split

kms

train person kms
bicycle kms
bicycle kms
train person kms
bicycle kms
bicycle kms
car"kj|omelers
car kilometers
train person kms

18.02 04

'2'6':0'i”.'6'2'""'
’SOT’ffl

30;02.02"
1

TSi’x’x’.’x’x’ ”"

i3 yy yy”

13.zz.zz*

’"parilc! ” "pfivSe " sect"’
parliCipriyatesecI

car krlometers
car kilometers
public transp. kilometers
public transp. klometers

Table A.l--continued

Tactic

ID

67 6161

1.1

1.2

NO*

CxHy

7

EMvIR&KWENT AMD AWEKIITv
22
3.1
3 2
5.1
Inter.
Local
Ecol.
CQg
noise
noise
cuts

SECESSiBILITV

;

4.1

4 2

14.3
Traffic

13.2
!r. lime.

13.5
Train

15.b j
tr. lime, j

Dlhs

Injur.

jams

PT

delay

bicycle

HAULAGE

j

19 a

19 b
Dutch

Payld

share

+

07.03.02

+

+

68.81.63

++

++

08.01.04
Tool

+
;•

+

10.04.01

+

+

1002.01

+

+

♦♦
-f
■f

+/-

TOOT
12.04.or

+

+

+

TOOT

+

+"

+

13.03.03*

+

+

13,04.02*
13 04.03
13 06.02
TOOT
14.02.02*
14.04.02
14.05.05
14.05.06
14.05.04
TS:6T:8'2

+
+

+
+

♦
♦

i
Tr
+/-

+/-

+/-

+/-

+/-

+/-

+/-

+/-

+/-

+/-

+/-

"Tr
+/-

M3
00

++
++

15.01.03
15.02.02
15.02.03
15.02.04
15.02.05

+

+
+/-

+
+

+/-

TOOT
T6:8T:8'2"

18.02.04
26:ffOT
36.81.81
30.02.02*

+

+

+

+

+

+

+

+

+

TSxi.xx*

+

+

"+

+

+

13.yy.yy*
+
13.zz.iz‘♦

+
+

+
+

+
+

+
+

—
+

+
++

t
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Appendix B
DATA DICTIONARY
INTRODUCTION
A data dictionary is a listing of all of the variables in an
analysis file.

This appendix contains the data dictionary for the

analysis file described in Chapter 5.

It contains the following

information for each variable:
Variable name:

A short name, not more than eight characters
long, used to identify the variable.

The eight-

character constraint is imposed because that is
the longest length name most computer
statistical packages will accept.
Variable label:

A short description of the variable, not more
than 40 letters long.

The 40-letter constraint

is imposed because most computer statistical
programs will allow the user to assign a label
no longer than this, which is used by the
package to describe the variable in its printed
output.
Value labels:

Used only for categorical variables, where the
variable itself is a short, often numeric, code
for something more complicated.

Our file

contains only one categorical variable, PROV, a
numeric code running from 1 through 12, denoting
the 12 provinces.

Other files might have

categorical variables such as SEX, where SEX=0
means "Male" and SEX=1 means "Female."
Units:

The unit of measurement for numeric variables
(e.g., "million kilometers per year" for some of
our mobility variables, or "1000s of persons"
for some of our demographic variables).

Description:

A brief, but complete, description of the
variable.

This field is similar to the variable

label field, but it can be any length.

It is
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intended for human readers of the dictionary,
not computers.
Source :

A citation giving the source of the variable.
Since this may require a rather long
explanation, and the explanation may apply to
more than one variable,

this field in the data

dictionary sometimes refers to notes that follow
the complete listing of the dictionary.

DATA DICTIONARY
IDENTIFIERS
Variable name:

PROV

Variable label:

Province

Value labels:

01 Groningen (GR)
02 Friesland (FR)
03 Drenthe

(DR)

04 Overijssel

(OV)

05 Flevoland (FV)
06 Gelderland (GL)
07 Utrecht

(UT)

08 North Holland (NH)
09 South Holland (ZH)
10 Zeeland (ZL)
11 North Brabant

(NB)

12 Limburg (LB)
Description:

Province identifier, conventional geographic
order

Source:

Database

Variable name:

YEAR

Variable label:

Year

Units

Standard four-digit years

Description:

Year for which data apply.

(1986 through 1991)
When possible,

estimate represents the midpoint of the year.
Source:

Database
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OUTCOME MEASURES
Variable name:

M_CD

Variable label:

Car-driver mobility

Units:

Million km per year

Description:

Total distance driven by all car drivers per
year

Source:

See Note 1

Variable name:

M_CP

Variable label:

Car-passenger mobility

Units:

Million km per year

Description:

Total distance traveled by all car passengers
(not including car drivers)

Source:

See Note 1

Variable name:

M_BI

Variable label:

Bicycle mobility

Units:

million km per year

Description:

Total distance traveled by all bicycle riders

Source:

See Note 1

Variable name:

M_PT

Variable label:

Public transportation mobility

Units:

Million km per year

Description:

Total distance traveled by all public
transportation passengers

Source:

See Note 1

Variable name:

T_ARR

Variable label:

Train passenger arrivals

Units:

1,000 persons per year

Description:

Number of passengers arriving at the station by
train.

(Does not count passengers traveling

with a pass.)
Source:

See Note 2
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Variable name:

T_DEP

Variable label:

Train passenger departures

Units:

1,000 passengers per year

Description:

Number of passengers departing by a train.
(Does not count passengers traveling with a
pass.)

Source:

See Note 2

Variable name:

T_INT

Variable label:

Train passengers within province

Units:

1,000 passengers per year

Description:

Number of train passengers departing and
arriving by train within a province.

(Does not

count passengers traveling with a pass.)
Source:

See Note 2

Variable name:

N_TRIPS

Variable label:

Number of train trips

Units:

Million persons per year

Description:

Number of train passengers (total) by year.
(Counts all trips.)

Source:

See Note 2

EXTERNALITIES
Variable name:

A_AGR

Variable label:

Agricultural area

Units:

100 ha (hectares)

Description:

Land area for agriculture

Source:

CBS Statistical Yearbook 1992, page 29, table 3

Variable name:

A_BOS

Variable label:

Woods area

Units:

100 ha

Description:

Area containing woods

Source:

CBS, Statistical Yearbook, 1992, page 29,
table 3
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Variable name:

A_NAT

Variable label:

Natural area

Units:

100 ha

Description:

Area containing nature

Source:

CBS, Statistical Yearbook 1992, page 29, table 3

Variable name:

A_CUL

Variable label:

Cultivated area

Units:

100 ha

Description:

Area of cultivated land

Source:

CBS, Statistical Yearbook 1992, page 29, table 3

Variable name:

A_OTH

Variable label:

Area of other land

Units:

100 ha

Description:

Area of land other than agriculture, woods,
nature, or cultivated

Source:

CBS, Statistical Yearbook 1992, page 29, table 3

Variable name:

A_WAT

Variable label:

Area of water

Units:

100 ha

Description:

Area of water

Source:

CBS, Statistical Yearbook 1992, page 29, table 3

Variable name:

P00_11

Variable label:

Population aged 00 through 11

Units:

1,000 persons

Description:

Number of persons aged 11 years or younger

Source:

See Note 3

Variable name:

P12_17

Variable label:

Population aged 12 through 17

Units:

1,000 persons

Description:

Number of persons aged 12 through 17 years

Source:

See Note 3
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Variable name:

P18_64

Variable label:

Population aged 18 through 64

Units:

1,000

Description:

Number of persons aged 18 through 64 years

Source:

See Note 3

Variable name:

P65_99

Variable label:

Population aged 65 and above

Units:

1,000

Description:

Number of persons aged 65 and above

Source:

See Note 3

Variable name:

N_CARS

Variable label:

Number of cars

Units:

1,000

Description:

Number of passenger cars

Source:

See Note 4

Variable name:

N_LIC

Variable label:

Number of licenses

Units:

1,000

Description:

Number of driving licenses

Source:

See Note 4

Variable name:

PR_SUP

Variable label:

Price of premium motor fuel

Units:

1992 Dfl (Dutch florins or guilders)/100 liter

Description:

Mean recommended price of premium motor fuel,
expressed in 1992 guilders

Source:

See Note 5

Variable name:

PR_REG

Variable label:

Price of regular motor fuel

Units:

1992 Df1/100 liter

Description:

Mean recommended price of regular motor fuel,
expressed in 1992 guilders

Source:

See Note 5

p

p

c

l
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Variable name:

PR_DPU

Variable label:

Price of automotive diesel oil (pump)

Units:

1992 Df1/100 liter

Description:

Mean recommended price of automotive diesel oil
(pump price), expressed in 1992 guilders

Source:

See Note 5

Variable name:

PR_LPG

Variable label:

Price of LPG (liquid propane gas) fuel

Units:

1992 Df1/100 liter

Description:

Mean recommended price of LPG fuel, expressed in
1992 guilders

Source:

See note 5

Variable name:

PR_LUB

Variable label:

Price of automotive lubrication oil

Units:

1992 Df1/100 liter

Description:

Mean recommended price of automotive lubrication
oil, expressed in 1992 guilders

Source:

See Note 5

Variable name:

PR_DBU

Variable label:

Price of automotive diesel oil (bulk)

Units:

1992 Df1/100 liter

Description:

Mean recommended price of automotive diesel oil
(bulk price), expressed in 1992 guilders

Source:

See Note 5

Variable name:

PR_PT

Variable label:

Price of public transportation

Units:

Index, 1992=100

Description:

Relative real prices of public transportation

Source:

Ministerie van Verkeer en Waterstaat, 1992a
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Variable name:

PR_CTR

Variable label:

Price of train travel

Units:

Cents per passenger km

Description:

Price of train travel in 1986 cents per
passenger km

Source:

Ministerie van Verkeer en Waterstaat, 1992a

Variable name:

PR_CBU

Variable label

Price of bus travel

Units:

Cents per passenger km

Description:

Price of bus travel in 1986 cents per passenger
km

Source:

Ministerie van Verkeer en Waterstaat, 1992a

Variable name:

PR_CGA

Variable label:

Price of car travel (gas)

Units:

Cents per car km

Description:

Price of gas for autos in 1986 cents per car km

Source:

Ministerie van Verkeer en Waterstaat, 1992a

Variable name:

PR_CVA

Variable label:

Price of car travel (other)

Units:

Cents per car km

Description:

Price (other than gas) for auto travel in 1986
cents per car km

Source:

Ministerie van Verkeer en Waterstaat, 1992a
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Variable name:

PR_CTO

Variable label:

Total price of car travel

Units:

Cents per car km

Description:

Total price for auto travel in 1986 cents per
car km

Source:

Ministerie van Verkeer en Waterstaat, 1992a

Variable name:

EC0_G1

Variable label:

Gross domestic product, definition 1

Units:

min Dfl

Description:

National gross domestic product, using
definition of 1987 and before (value for 1991
extrapolated)

Source:

See Note 6

Variable name:

EC0_G2

Variable label:

Gross domestic product, definition 2

Units:

min Dfl

Description:

National gross domestic product, using
definition of 1988 and after (value for 1986
extrapolated)

Source:

See Note 6

Variable name:

ECO_PC

Variable label:

Per-capita income

Units:

Dfl

Description:

National per-capita income (value for 1985
extrapolated)

Source:

See Note 6

Variable name:

RD_FWY

Variable label:

Length of freeways

Units:

km

Description:

Length of freeways in 1992

Source:

CBS, Statistiek van de wegen, January 1992, page
25, table 1.6
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Variable name:

RD_NAT

Variable label:

Length of other national roads

Units:

km

Description:

Length of national roads other than freeways in
1992

Source:

CBS, Statistiek van de wegen, January 1992, page
25, table 1.6

Variable name:

RD_PRO

Variable label:

Length of provincial roads

Units:

km

Description:

Length of provincial roads in 1992

Source:

CBS, Statistiek van de wegen, January 1992, page
25, table 1.6

Variable name:

RD_OTH

Variable label:

Length of all other roads

Units:

km

Description:

Length of all roads other than national and
provincial in 1992

Source:

CBS, Statistiek van de wegen, January 1992, page
25, table 1.6

Variable name:

PT_LEN

Variable label:

Length of public transportation system

Units:

km

Description:

Length of public transportation system in 1987

Source:

CBS, Statistiek van het personenvervoer 1987,
page 17, tables 6-8

Variable name:

PT_USE

Variable label:

Used length of public transportation system

Units:

1,000 kms

Description:

Distance traveled by all vehicles on the public
transportation system in 1987

Source:

CBS, Statistiek van het personenvervoer 1987,
page 17, tables 6-8
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Variable name:

PT_SIT

Variable label:

Sit-place length of public transportation system

Units:

1,000,000 km

Description:

Distance traveled by all persons on the public
transportation system in 1987

Source:

CBS, Statistiek van het personenvervoer 1987,
page 17, tables 6-8

Variable name:

EXT_M1

Variable label:

Free public transportation for military

Units:

0-1 dummy

Description:

Marks start of free public transportation for
military

Source:

See Note 7

Variable name:

EXT_M2

Variable label:

Free public transportation for students

Units:

0-1 dummy

Description:

Marks start of free public transportation for
students

Source:

See Note 7

Variable name:

EXT_M3

Variable label:

Railrunner card for children

Units:

Partial dummy

Description:

Marks start of reduced rate railrunner card for
children

Source:

See Note 7

SW TACTIC MARKERS
Variable name:

T12_M1

Variable label:

Reduce tax relief for car commuting

Units:

Partial dummy

Description:

Fraction of year reduce commuting tax relief

Source:

See Note 8
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Variable name:

T12_M2

Variable label:

Increase cost of public transport

Units:

Partial dummy

Description:

Fraction of year increased cost in effect

Source:

See Note 8

Variable name:

T13_M1

Variable label:

Begin train taxi service

Units:

1,000 persons

Description:

Cumulative population of train-taxi
municipalities

Source:

See Note 9

Variable name:

T13_M2

Variable label:

Open new train stations

Units:

Stations

Description:

Number of train stations opened

Source:

See Note 10

Variable name:

T13_M3

Variable label:

Close old train stations

Units:

Stations

Description:

Number of train stations closed

Source:

See Note 10

Variable name:

T13_M4

Variable label:

Improve urban public transit

Units:

Count

Description:

Number of steps taken to improve urban public
transit

Source:

See Note 11

Variable name:

T14_M1

Variable label:

Build "le rijbaan"

Units:

km

Description:

Cumulative "le rijbaan" construction

Source:

See Note 12
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Variable name:

T14_M2

Variable label:

Build "2e rijbaan"

Units:

km

Description:

Cumulative "2e rijbaan" construction

Source:

See Note 12

Variable name:

T14_M3

Variable label:

Build "2 rijbanen"

Units:

km

Description:

Cumulative "2 rijbanen" construction

Source:

See Note 12

Variable name:

T14_M4

Variable label:

Do "verbreding"

Units:

km

Description:

Cumulative "verbreding" construction

Source:

See Note 12

Variable name:

T16_M1

Variable label:

Develop carpool lots

Units:

Count

Description:

Number of carpool lots

Source:

See Note 13

Variable name:

T16_M2

Variable label:

Develop carpool spaces

Units:

Count

Description:

Number of carpool spaces

Source:

See Note 13

NOTES
Note 1. Measures of Mobility.
Values for the mobility variable MB_CD were provided to us directly
by the CBS.

Values for MB_CP, MB_BI, and MB_PT, given by year and

province, were estimated from values by year for the whole nation,
reported in CBS, De mobiliteit van de Nederlandse bevolking, for the
years 1986 through 1991.

The ultimate source of all these estimates is
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the Onderzoek Verplaatsing Gedrag (Survey of Travel Behavior), a panel
survey conducted annually by CBS.
For the latter three mobility measures, the published reports do
not contain total annual mobility (i.e., total number of kilometers
traveled per year) by province.

They do give total annual mobility for

the whole nation, and they give mobility per person per day by province
(and for the nation).

Total annual mobility by province was obtained by

multiplying mobility per person per day by the number of persons times
the number of days in a year.
mode.

The base population depends on the travel

For example, since persons under 18 cannot drive cars, the base

population for car-driver mobility appears to be persons age 18 and
We used the relationship between mobility per person per day and
total annual mobility for the nation as a whole to infer what the base
population was.

Our estimate of MB_CD using this procedure agreed very

closely with the values obtained from CBS.

Nevertheless, we recommend

that if MB_CP, MB_BI, or MB_PT are to be used in future studies, their
estimates be obtained directly from CBS.
Note 2. Public Transportation.
Counts of train passengers by province of departure (T_DEP),
province of arrival (T_ARR), and counts of passengers who departed and
arrived in the same province (T_INT) are taken from the tables in CBS,
Stastistiek van het personenvervoer (SP):

1986:

Page 39, Table 48

1987:

Page 35, Table 42

1988:

Page 28, Table 2.14

1989:

Page 26, Table 2.14

1990:

Page 25, Table 2.14

1991:

Page 27, Table 2.14

These counts do not include persons traveling on a pass, such as a
student pass.

The variable NJTRIPS, obtained from CBS, Algemene

bedrijfsgegevens NS (AB), June 1992, contains total counts of passengers
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for the nation.

These national totals differ substantially from totals

obtained from SP, as Table B.l shows.

Table B.l
Counts of Train Passengers, by Year
(1,000,000 passengers)
Year

T_DEP

N_TRIPS

1986

157

210

1987

153

222

1988

162

230

1989

173

240

1990

176

256

1991

145

304

Furthermore, we adjusted the 1991 value of N_TRIPS upward to 340
million passengers, because the published number appeared to be
inconsistent with other data.

The sharp drop in T_DEP and rise of

N_TRIPS in 1991 is no doubt due to the introduction of the rail pass for
students, which gives students free train travel, anywhere, anytime.
This caused the number of ticketed passengers, measured by T_DEP, to
drop, and the total number of trips, measured by N_TRIPS, to rise.
The variables T_DEP, T_ARR, and T_INT give provincial level counts
of train travel but appear to significantly underestimate the total
number of passengers.

N_TRIPS appears to be an accurate count of

passengers but is available only on a national level.

While it would be

possible to adjust the first three variables using N_TRIPS, the accuracy
of the result would depend on how consistent the differences are among
the provinces.
Note 3. Population.
Each edition of the Statistical Yearbook published by CBS for the
years 1986, 1987, 1988, 1990, and 1992 contains a table of population
counts, by province, for age brackets 0-19 years, 20-64 years, and 65
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and over.1
yearbook,

In 1990, CBS changed the publication schedule of the
and no yearbook was published for 1989.

For some reason, data

for the year 1990 got left out of the series, as Table B.2 shows.

Table B.2
Sources of Provincial-Level Population Data, by Age
Data for January 1,
of the Year:

appear in the Statistical
Yearbook for the year

1986

1987

(page 63,

table 12)

1987

1988

(page 65,

table 15)

1988

1990

(page 50,

table 21)

1989

1991

(page 50,

table 18)

1991

1992

(page 52,

table 22)

To fill in the missing counts for 1990, we took the averages of the
counts for 1989 and 1991.
Since the driving age is 18 in the Netherlands, we wanted to have
population counts of persons 18 and older in our analysis file.

This

meant we needed to figure out what fraction of the group aged 0-19 were
exactly 18 or 19 years old.

As shown in Table B.3,

the Statistical

Yearbooks report total population by age brackets 0-4 years, 5-9 years,
10-14 years and 15-19 years, although one calendar year was skipped.
For 1988, we took the average of the data for 1987 and 1989.
assumed that 3/7th of persons aged 15-19 would be aged 15-17,

We

and by

adding the number aged 15-17 to the actual counts of person aged 0-4,
5-9, and 10-14, we obtained an estimate of persons aged 0-17.

By

subtraction, we obtained an estimate of the number of persons aged 18
and 19,

and then by dividing by the total, got an estimate of the

fraction of persons aged 0-19 who were aged 18 and 19, nationally.

We

applied this fraction to the provincial-level data to obtain estimates
1

In 1992, there were 5 brackets: 0-19 years, 20-44 years, 45-64 years, 65-79
years, and 80 and over. Fortunately, these can be aggregated to obtain the earlier
age brackets.
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Table B.3
Sources of Age-Specific National Data
Age-specific
population
counts for the
year:

appear in the Statistical
Yearbook for the year

1986

1987 (Page 60, table 3)

1987

1988 (Page 58, table 3)

1989

1990 (Page 41, table 4)

1-990

1991 (Page 41, table 4)

1991

1992 (Page 40, table 4)

by province of persons aged 18 and 19, which we added to the counts of
persons aged 20-65 to obtain counts of persons aged 18-65.
In a similar way, we obtained estimates of persons aged 12-17.

We

wanted this number because the mobility survey described in Note 1
applies to the population aged 12 and over.
Note 4. Automobiles and Drivers' Licenses.
The Ministry's Transport Research Center (known as AW, after its
Dutch title) maintains a computerized database called the Management
Information System for Transport Data (called Sturingsinformatie in
Dutch).

This database provided counts of automobiles by province and

year for the years 1986 through 1989.

We estimated counts for 1990 and

1991 by fitting a trend line through each province's data series.
The total number of drivers' licenses are published annually in the
reports of the mobility survey described above in Note 1, by age
brackets 18-24, 25-29, 30-39, 40-59, 60-65, and 65 and over.

We

apportioned these counts to the provinces on the basis of provincespecific age counts developed as described in Note 3.
Note 5. Fuel Prices.
The Statistical Yearbook for 1992 contains the fuel price data
elements described in the dictionary for the years 1985, 1988, 1989, and
1990 (Page 345, table 11).

The Statistical Yearbook for 1990 contains

the same data for the years 1986 and 1987 (Page 317, table 11).

The
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prices reported in the yearbooks are in nominal guilders (not adjusted
for inflation).
We adjusted these prices to 1991 guilders, using a series of price
indexes obtained from the Department of Price Statistics, Bureau of
Information and Publications, Central Bureau of Statistics.

Table B.4

gives these price indexes.

Table B.4
Consumer Price Indexes
Year

Index

1969

100.0

1985

257.9

1986

258.3

1987

257.0

1988

258.9

1989

261.6

1990

268.0

1991

278.5

1992

288.7

Note 6. The Cost of Travel.
These economic variables were estimated for us by Adviesdiensten
Verkeer en Vervoer (AW) on the basis of national accounts.
Note 7. Public Transportation Freebies.
On January 1, 1988, the national rail service (NS) introduced a
"Railrunner discount" that gave children traveling with their parents a
substantially reduced fare.

On July 1, 1989, free rail transportation

was made available to military personnel, and on January 1, 1991, free
rail transportation was made available to all students.

None of these

changes were SW policies, but all of them are policies that could
change the amount of travel by rail.
the change has been dramatic.)

(In the case of the student fare,
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We added dummy variables to the file for each of these "tactics,"
set equal to 0 for any year prior to the introduction of the new fare,
and equal to 1 any year after.

In the case of the military personnel,

the dummy variable was set equal to 0.5 for 1989, because the new fare
was in effect for exactly half of that year.

We call such a variable a

"partial dummy," because it is not strictly a "0-1" variable.
Note 8. Public Transportation Financial Tactics.
In the Netherlands, persons commuting to work are allowed to deduct
from their taxes a portion of their travel costs.

In August of 1990,

the amount that car commuters were allowed to deduct was reduced.

We

defined a "partial dummy" (see the note above for a definition), set
equal to zero for years prior to 1990, equal to 1 afterwards, and equal
to 0.42 for the year 1990 itself (the tactic was in effect 5 out of the
12 months of 1990, and 5/12 = 0.4167).
In July and September of 1991, a number of financial measures were
put into effect to increase the cost of operating a car and to reduce
the cost of using public transportation instead.

We defined a partial

dummy to reflect these policy measures, set equal to 0 for 1990 and
before, and equal to 0.50 for 1991.

When the file is extended to years

beyond 1991, the value of this variable should be set equal to 1.

As it

stands, its effect in any regression model would be identical to one
that is set equal to 0 for 1990 and before, and 1 in 1991.
Note 9. Train-Taxi Service.
Beginning in 1990, train-taxi services were introduced in a large
number of cities.

In a city with such a service, a person can purchase

a train ticket to that city that allows for a very cheap taxi ride to
his or her destination upon arrival.

The purpose of this tactic is to

make taking trains more attractive.
The cities in which such services have been introduced were listed
in Overzicht Plaatsen, Geldigheidsgebieden en Telefoonnummers TreinTaxi, Ministerie van Verkeer and Waterstaat, 1992.

Since a train-taxi

service in a big place might have a bigger effect than a train-taxi
service in a small place, we defined a tactic marker set equal to the
total population in the province of all municipalities in which train-
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taxi services are available.

This variable grows over time as places

are added, but of course it is equal to zero before 1990.

Municipality

population data were taken from the management information system
described in Note 4 for 1989, because that was our only source of
machine readable data.
Note 10. Opening and Closing Train Stations.

Since 1986, train stations have been opened and closed.

Opening a

station ought to increase train mobility and reduce car mobility, while
closing one might have the opposite effect.

Tactic markers T13_M2 and

T13_M3 give the cumulative number of openings and closings,
respectively, in each province since 1986.

Information about closings

and openings were obtained from Algemene bedrijfsgegevens NS (appendix
to the annual report of the NS), June 1992, Nederlandse Spoorwegen (NS),
for years 1986 through 1991.
Note 11. Public Transportation Improvements.

Since 1986, a number of projects have been completed that improve
the urban public transportation system.

Tactic marker T14_M1 simply

counts the cumulative number of such projects since 1986.

Information

about these projects was obtained from the following three reports:

Goedgekeurde Snelbusdiensten van Verkeer en Waterstaat, note by
Rijksverkeers Inspectie Zuid-Oost, Ministerie van Verkeer en
Waterstaat, 1992
Kerneljfers Personenvervoer, Koninklijk Nederlands Vervoer, Den
Haag, 1991 and 1992.
Snelheden Streekvervoer, note by Verenigd Streekvervoer Nederland
for Ministerie van Verkeer en Waterstaat, January 1993.
Not all projects can be expected to have the same effect, but our
marker is indifferent to the type of project.

A better marker would

measure something other than "number of projects" (e.g., number of
stations affected), but developing such a marker must wait until better
descriptions of these projects can be located.
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Note 12. Road Infrastructure Improvements.
Each fiscal year, the Rijkswaterstaat issues a report to the Tweede
Kamer Begroting Rijkswegenfunds (Ministerie van Verkeer en Waterstaat)
that contains a description of all road building since the last report.
Table B.5 lists the tables from this report that we used in constructing
our database.

Table B.5
Sources of Data for Infrastructure Improvement Markers
Fiscal Year

Table in

Dates covered

1986-

1987
Bijlage
V, page 15

August 1, 1985-

1987-

Bijlage
1988
V, page 15

August 1, 1986-

1988-

Bijlage
1989
III, page 3

August 1, 1987-

1989-

January 1, 19891990
Bijlage
2, page 2

1990-

January 1, 1990Bijlage
1991
2, page 2

1991-

January 1, 1991Bijlage
1992
1, page 25

1992-

Bijlage
1993
1, page 2

1992-

The report provides information on the location of each project and
the number of kilometers involved.

Each project is assigned to one of

four categories:

"le rijbaan"

New one-lane roads built

"2e rijbaan"

Second lanes added

"2 rijbanen"

New two-lane roads

"verbreding"

Roads widened

We identified the province in which each of the projects was
carried out (or mostly carried out, in the cases where the project
spanned more than one province).

The first three reports do not

coincide with calendar years, so we apportioned the number of kilometers
involved to calendar years on a proportional basis.

Thus, we defined
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four variables, one for each of the four categories above, measuring the
cumulative number of kilometers of construction in each province.
Note 13. Improve Carpool Opportunities.
We obtained a report from the Dutch Automobile Association (ANWB)
(Ontwikkeling van Carpoolpunten in Nederland, ANWB Traffic Department,
Den Haag, September 1992) reporting the number of carpooling parking
lots in the months of April 1983, November 1988, August 1990, December
1991, and September 1992, and the number of carpool parking spaces in
the months of August 1990, December 1991, and September 1992, by
province.

We ran a regression line through the parking lot data, by

province and used estimates from that line to estimate the number of
carpool lots in existence on July 1st for each of the six years from
1986 through 1991.

We used the relationship between parking spaces and

carpool lots that could be observed in the 1988, 1990, and 1991 data to
estimate the number of parking spaces for each of the six years as well.
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Table C.l
Data on Mobility and Train Passengers

Average
St Dev
Quantiles

Average
by
year

Average
by
province

Min
10%
25%
50%
75%
90%
Max
1986
1987
1988
1989
1990
1991
GR
m
CR

OV
FV
GL
UT
NH
2H
ZL
NB

LB

M CD
6,156
4,483
934
1,748
2,522
4,707
10,462
12,493
15,903
5,592
5,766
6,323
6,303
6,507
6,445
2,560
2,992
2,436
4,784
1,209
9,707
5,486
11,365
14,996
1,758
11,815
4,766

M CP
4,104
2,952
740
1,208
1,845
2,910
6,555
8,168
10,621
4,075
4,025
4,100
4,175
4,083
4,167
1,967
2,159
1,668
3,418
875
6,430
3,244
7,298
10,351
1,336
7,514
2,991

M Bl
1,007
699
101

267
467
824
1,690
2,049
2,412
992
917
967
1,050
1,067
1,050
542
538
410
926
125
1,542
824
1,880
2,240
303
1,989
767

M PT
1,757
1,241
177
473
814
1,332
2,925
3,520
5,097
1,642
1,642
1,675
1,583
1,808
2,192
961
957
718
1,615
205
2,682
1,422
3,299
3,962
551
3,390
1,323

T ARR
13,439
14,353
0
1,771
2,373
8,170
16,858
41,177
48,968
13,085
12,767
13,529
14,376
14,731
12,148
2,521
3,124
2,022
7,602
1,935
16,050
16,981
43,694
41,494
1,654
15,744
8,448

T DEP
13,424
14,550
0
1,709
2,327
8,247
16,951
41,514
51,151
13,084
12,767
13,529
14,293
14,731
12,138
2,484
3,072
2,053
7,651
1,265
15,184
17,834
44,715
41,150
1,644
15,680
8,351

T INT
8,665
10,773
0

831
1,108
5,239
8,597
30,175
35,011
8,700
8,368
8,733
9,186
9,306
7,695
1,178
2,234
833
4,701
233
8,273
6,236
31,618
31,482
1,091
9,697
6,400

123-

-

Table C.2
Data on Licenses and Population

Average
St Dev
Quantiles

Min
10%
25%
50%
75%
90%

Max
Average
by
year

Average
by
province

1986
1987
1988
1989
1990
1991
GR

FR
DR

OV
FV

a
UT

NH
2H

ZL
NB
LB

N LIC
669
502
89
181
277
538
1,044
1,360
1,849
626
639
663
678
697
713
301
310
233
536
104
963
539
1,311
1,745
187
1,186
613

POO 11
182
129
34
54
75
152
287
333
467
182
182
182
183
184
180
80
98
68
162
38
275
148
320
461
54
331
153

P12 17
106
75
21

30
43
87
172
200
283
112
109
106
103
100
105
46
57
39
95
22
160
86
186
268
31
193
89

P18 64

791
591
113
215
333
636
1,221
1,563
2,087
772
780
788
795
803
810
352
364
274
635
127
1,140
641
1,543
2,049
217
1,423
730

P65 99
155
119
13
54
73
121

224
322
446
148
151
154
157
159
160
78
81
58
125
16
219
118
317
435
55
227
129
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Table C. 3
Data on Land Areas and Numbers of Cars

Average
St Dev
Quantiles

Average
by
province

Min
10%
25%
50%
75%
90%
Max
W
FR
CR
OV
FV
GL
UT
NH
2H
ZL
NB
LB

A AGR
1,998
836
656
836
1,428
1,942
2,755
3,169
3,283
1,984
2,704
2,002
2,907
656
3,169
836
1,706
1,900
1,443
3,283
1,384

A BOS
250
255
23
28
78
149
302
659
863
28
90
264
352
118
863
179
99
42
23
659
285

A NAT
125
75
29
46
50
118
171
245
257
50
257
112
124
49
245
29
194
163
87
142
46

A CUL
240
148
30
95
131
192
372
458
504
146
134
123
210
30
382
174
368
458
95
504
261

A OTH
213

97
85
114
136
181
31 1
352
367
129
168
154
218
85
352
114
300
343
138
367
193

A WAT
285
319
25
39
104
172
328
458
1,231
276
438
25
115
193
128
71
291
458
1,231
151
39

N CARS
443
327
59
131
180
358
708
886
1,194
190
204
169
359
643
67
349
832
1,121

136
842
402

Table C.4
Data on Cars and Roads
Average
St Dev
Quantiles

Average
by
province

Min
10%
25%
50%
75%
90%
Max
OR
FR
CR
OV
FV
GL
UT
NH
2H
ZL
NB
LB

RD FWY
177
118
52
56
83
141
253
390
397
56
130
82
102
83
397
154
244
279
52
390
152

RD NAT
178
98
29
105
124
162
193
285
435
121

167
192
285
29
435
125
105
157
181
148
195

RD PRO
697
295
309
386
515
644
796
1,036
1,422
599
739
546
624
386
1,422
309
830
1,036
663
785
422

RD OTH
7,684
3,783
2,334
4,038
4,794
6,711
9,957
12,673
15,231
4,038
5,816
5,263
9,580
2,334
12,673
4,376
9,272
11,089
4.933
15,231
7,605

PT LEN
2,301
1,245
0
1,071
1,413
2,471
3,204
3,427
4,648
1,521
2,350
1,505
1,071
0
3,240
2,925
3,427
3,192
1,137
2,591
4,648

PT USE
36,683
24,703
0
12,731
21,148
28,901
51.768
78,954
80.769
23,585
26,449
12,731
14,552
0
56,428
50,214
78,954
80,769
23,346
31,353
41,815

PT SIT
1,583
1,187
0
531
689
1,212
2,184
3,688
3,923
716
1,158
531
607
0
2,322
2,138
3,688
3,923
1,027
1,266
1,624
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Table C. 5
Data on Fuel Prices

Average
St Dev
Quantiles

Average
by
year

Min
10%
25%
50%
75%
90%
Max
1986
1987
1988
1989
1990
1991

PR SUP
181.35
7.71
168.44
168.44
1 76.59
181.89
187.27
192.02
192.02
168.44
179.37
176.59
184.40
187.27
192.02

PR REG
174.52
6.59
162.88
162.88
170.38
175.70
179.14
183.30
183.30
162.88
174.39
170.38
177.01
179.14
183.30

PR DPU
100.73
8.95
90.91
90.91
93.12
97.34
111.33
114.32
114.32
93.12
97.33
90.91
97.35
114.32
111.33

PR LPG
52.96
2.25
50.20
50.20
51.37
52.21
55.22
56.52
56.52
51.37
52.84
50.20
51.58
56.52
55.22

PR LUB
199.11
5.87
188.73
188.73
195.38
199.95
204.05
206.62
206.62
188.73
200.25
195.38
199.64
204.05
206.62

PR DBU N TRIPS
77.06
250
7.98
43
210
68.05
68.05
210
70.60
222
74.03
235
256
86.56
89.11
340
89.11
340
70.60
210
73.54
222
68.05
230
?40
74.52
89.11
256
86.56
340

Table C.6
Data on Transportation Prices

Average
St Dev
Quantiles

Average
by
year

Min
10%
25%
50%
75%
90%
Max
1986
1987
1988
1989
1990
1991

PR PT
98.94
1.58
95.52
95.52
99.19
99.36
100.00
100.21
100.21
95.52
99.19
99.43
100.21
99.28
100.00

PR CTR
12.32
0.20
12.00
12.00
12.10
12.40
12.50
12.50
12.50
12.50
12.40
12.40
12.10
12.00
12.50

PR CBU
12.40
0.44
11.70
11.70
12.10
12.45
12.60
13.10
13.10
11.70
12.10
12.40
12.50
12.60
13.10

PR CGA
9.98
0.66
9.20
9.20
9.40
9.85
10.50
11.10
11.10
9.70
9.40
9.20
10.00
10.50
11.10

PR CVA
14.05
0.55
13.40
13.40
13.73
14.05
14.30
15.00
15.00
13.80
13.50
13.40
14.30
14.30
15.00

PR CTO
39.72
2.72
35.90
35.90
37.40
39.95
40.80
44.30
44.30
35.90
37.40
39.10
40.80
40.80
44.30
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Table C.7
Data on the Economy and Public Transportation Markers

Average
St Dev
Quantiles

Average
by
year

Min
10%
25%
50%
75%
90%
Max
1986
1987
1988
1989
1990
1991

ECO G1
449,400
55,641
396,613
396,613
397,266
431,524
489,810
549,667
549,667
396,613
397,266
415,913
447,134
489,810
549,667

ECO G2
452,336
54,337
386,558
386,558
406,568
440,239
496,854
543,560
543,560
386,558
406,568
425,219
455,259
496,854
543,560

ECO PC
27,030
2,908
23,650
23,650
24,602
26,272
29,456
31,930
31,930
23,650
24,602
25,360
27,184
29,456
31,930

EXT Ml
0.42
0.45
0.00
0.00
0.00
0.25
1.00
1.00
1.00
0.00
0.00
0.00
0.50
1.00
1.00

EXT M2
0.17
0.38
0.00
0.00
0.00
0.00
0.00
1.00
1.00
0.00
0.00
0.00
0.00
0.00
1.00

EXT M3
0.67
0.47
0.00
0.00
0.00
1.00
1.00
1.00

1.00
0.00
0.00
1.00
1.00
1.00

1.00

Table C.8
Tactic Markers for Policy Areas 12 and 13

Average
St Dev
Quantiles

Min
10%

Average
by
year

Average
by
province

25%
50%
75%
90%
Max
1986
1987
1988
1989
1990
1991

GR
FR
CR
OV
FV
a
UT
NH
2H

ZL
NB
LB

T12 Ml
0.24
0.38
0.00
0.00
0.00
0.00
0.42
1.00
1.00
0.00
0.00
0.00
0.00
0.42
1.00

T12 M2
0.08
0.18
0.00
0.00
0.00
0.00
0.00
0.49
0.49
0.00
0.00
0.00
0.00
0.00
0.49

T13 Ml
92
180
0
0
0
0
88
398
782
0
0
0
0
224
330
65
40
24
11 4
19
160
23
165
125
31
233
109

T13 M2

T13 M3

0
0
0
1
1
5
6
0
1
1
1
1
2
0
0
1
1
4
0
1
5
0
1
1
1

0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

T13 M4
0
0
0
0
0
0
0
1
2
0
0
0
0
0
0
0
0
0
0
1
0
0
1
0
0
0
0
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Table C. 9
Tactic Markers for Policy Areas 14 and 16

Average
St Dev
Quantiles

Average
by
year

Average
by
province

Min
10%
25%
50%
75%
90%
Max
1986
1987
1988
1989
1990
1991
cn
FR
CR
OV
FV
GL
UT
NH,
ZH
ZL

N3
LB

T14 M1
4.92
5.68
0.00
0.00
0.00
3.00
8.23
13.50
24.10
1.20
3.51
5.59
5.93
6.33
6.97
0.00
6.77
9.94
9.56
0.00
2.21
0.00
4.95
8.75
14.15
2.71
0.00

T14 M2
4.06
4.83
0.00
0.00
0.50
1.60
7.00
11.75
16.20
1.83
3.42
4.10
4.78
5.11
5.11
5.39
5.87
0.00

0.00
7.00
0.00
7.68
13.95
1.18
0.00
7.63
0.00

T14 M3
7.75
11.07
0.00
0.00
0.00
3.50
12.57
17.30
50.10
1.76
5.73
7.85
9.36
10.43
11.38
0.00
12.99
0.00
7.35
0.00
9.21
14.00
6.85
2.97
0.00
36.10
3.55

T14 M4
5.13
9.43
0.00
0.00
0.00
0.00
6.20
22.00
34.30
2.46
4.00
4.46
5.38
6.93
7.53
0.00
0.00
0.00
0.00
0.07
5.32
28.81
15.78
11.54
0.00
0.00
0.00

T16 M14

T16 M2
191

229
0
1
4
6
1 1
21

45
6
7
8
9
10
14
2
4
1 1

6
3
9
8
7
34
6
19
2

10
36
60
110
202
508
1161
124
144
162
187
213
31 7
30
101
138
86
70
169
159
110

796
122
465
45
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