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Executive Summary
ClairCity project and method
The ClairCity Horizon2020 project aims to contribute to citizen-inclusive air quality and
carbon policy making in middle-sized European cities. It does so by investigating citizens’
current behaviours as well as their preferred future behaviours and policy measures in six
European cities1 through an extensive citizen and stakeholder engagement process. The
project also models the possible future impacts of citizens’ policy preferences and examines
implementation possibilities for these measures in the light of the existing institutional
contexts in each city (Figure 0-1). This report summarises the main policy results for
Amsterdam (the Netherlands).
Figure 0-1: The ClairCity method in brief
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The methodological understanding as developed in the ClairCity project of what is citizeninclusive policy-making, and what it should and should not comprise, is given in Textbox 0-1.
Textbox 0-1 Citizen-inclusive policy-making according to ClairCity

1

•

Tailor local policies based on detailed knowledge of behavioural practices of citizens;

•

Engage with citizens via a diversity of methods, paying particular attention to hearing
the voice of ‘hard-to-reach’ groups;

•

Ask citizens for their preferred future behaviours and barriers to behavioural changes.
Address the perceived barriers of citizens by concrete measures or initiate dialogue
with citizens about misconceptions concerning air quality and climate change;

Bristol, Amsterdam, Sosnowiec, Ljubljana,Aveiro/CIRA region, Genoa/Liguria region
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•

Ask citizens for their preferred future policies for the city, examine potential impacts of
these policies and discuss with stakeholders and policy makers their implementation
possibilities;

•

Examine and address potential implementation barriers for preferred citizen policy
measures beyond citizen perceptions;

•

Experiment, and exchange experiences with other cities that are also aiming to
implement citizen-inclusive policies;

•

Do not confuse citizen-inclusive policies with populist policies. Take full responsibility
for democratically implementing popular or unpopular measures considered
appropriate, after having been extensively informed about citizens’ views and
behaviours.

In total, during the period 2017-2019 over 1,100 Amsterdam citizens were reached by the
various ClairCity citizen engagement methods (Table 0-1). While this sample is not fully
representative of the Amsterdam population as a whole2, it gives an indication of support for
policy measures and intentions for behavioural change that can be used by policy makers to
inform future policies.
Table 0-1: Number of participants in ClairCity citizen engagement methods in Amsterdam
Citizen engagement activity

# of participants engaged

Delphi Process

638

Skylines Game

371

Mutual Learning Workshop

20

Stakeholder Dialogue Workshop (in Delphi process)

19

Policy Workshop*)

6

*) the number of participants of the policy workshop is also included here, despite not being formally part of the
citizen and stakeholder engagement process

Amsterdam city conclusions and recommendations
The main conclusions and recommendations from the ClairCity project for citizen-inclusive
policy making in Amsterdam are:

2

638 people responded to the ClairCity survey in Amsterdam, out of a city population of 834,713 . The Amsterdam respondents
were 55% male, which is slightly higher than the city gender ratio. The respondents were disproportionately older compared to
the city population, with 89% of respondents aged 37 or older in the Round 1 sample, compared to only 52% of the city
population. The sample was more educated (i.e. had higher level of qualifications) than average, with limited representation of
those who had a low level of education compared to the categories used to collect city-wide data. In the sample, 67% of the
respondents had a “high” level of education with only 5% having “no/low” level of eduation, compared to the city population
where 47% have a “high” level, and 22% have a low level of education. In The Netherlands, categories regarding the national
identity are more relevant than ethnicity of respondents. The “non-Dutch” population of Amsterdam is around 14% according to
city statistics. In Round 1, 13% of the sample were non-Dutch nationals with 5% of the total from Western countries (Europe,
North America, Japan etc) and 8% from non-Western countries.
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Current air quality and carbon situation in Amsterdam
Ambitious air quality and carbon policies in Amsterdam aim to go beyond EU legal
limits, but still have a far way to go to reach their objectives.
•

•

•

•

•

•

The main Amsterdam city policies include a ‘natural-gasfree’ Amsterdam by 2040; a
‘transport emissions free’ city within the city ring road by 2030; meeting WHO guideline
concentrations by 2030; and, reducing overall CO2 emissions in the city by 55% in 2030
and by 95% by 2050. There has been significant progress towards these targets, but
there is still a long way to go.
NO2 yearly average guideline values given by WHO (40 µg m-3) were exceeded at 22
street lociations in 20183. Concentrations are declining over recent years, but similar to
PM and black carbon the trendline is flattening.
PM10 concentrations are decreasing over the period 2008-2018, but concentrations
measures at street stations still exceed WHO yearly average (20 µg m-3) and daily
average guideline values (50 µg m-3 for no more than three days per year). In recent
years reductions are less than in previous years, suggesting a flattening reduction trend
for PM10.
PM2.5 concentrations in 2018 exceeded WHO guideline values for yearly and daily
averages (10 / 25 µg m-3) at all measuring stations. Over the period 2010-2018, PM2.5
concentrations are decreasing, but the reduction trendline is – as for PM10 – flattening
out.
Black carbon concentrations are measured in Amsterdam as well. Although no WHO
guideline values exist for black carbon, the WHO notes that due to its negative health
effects, black carbon concentrations in general should be minimised. Measurement data
are more limited than for PM (only for recent years), but suggest a slightly decreasing
trend.
CO2 emissions in Amsterdam have declined from almost 4.8 Mt in 2013 to 4.4 Mt in
2017. While emissions of the sectors built environment and industry dropped, those of the
transport sector remained almost constant4. The goal is to become climate neutral by
2050.

Figure 0-2: Main features of the current Amsterdam air quality and carbon situation
(sources: Municipality of Amsterdam, GGD)

3
4

Measured concentrations, Palmes Tubes.
See https://klimaatmonitor.databank.nl
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Current behaviours of Amsterdam citizens
Currently, most transport-related emissions of air pollutants by citizens in Amsterdam
are caused by work-related transport. This holds for NOx as well as for PM10.
•

24% of transport-related NOx and 30% of PM10 emissions in Amsterdam are related to
work-related trips, compared to 12 and 16% of NOx/PM emissions for recreational trips
and 5 and 7% for shopping trips, respectively.

Figure 0-3 Amsterdam NOx and PM emissions from transport by trip motive of citizens in
20155

Analysing NOx emissions further, main emitters in Amsterdam are men, middleincome citizens and younger adults.
•

•

Detailed demographic analysis of the group of citizens causing NOx emissions from
transport shows that men in Amsterdam cause more NOx emissions than women due to
their greater use of car transportation (32% versus 23% of total transport emissions
respectively). Work related NOx emissions are more prominent for men than for women
(15% versus 6%). Recreational transport for both genders is the second largest emission
category (6 and 5% of emissions).
Assigning NOx emissions of Amsterdam citizens into three income groups, low (0 –
21,000 euro/year), middle (21 – 36,000 euro/year) and high (> 36,000 euro/year), the
data shows that the middle income group causes most emissions, followed by the high
income group and then the low income group. The analysis also shows that public
transport use decreases with higher incomes, while emissions caused by private car use
are highest in the middle income group, followed by the low income group.

5

Based on Centraal Bureau voor de Statistiek (CBS); Rijkswaterstaat (RWS) (2016): Onderzoek Verplaatsingen in Nederland
2015 - OViN 2015. DANS. https://doi.org/10.17026/dans-z38-prz4
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•

In regards to different age categories, teenagers and younger adults (15-44 years) by far
cause the most transport emissions in Amsterdam (27%), followed by older adults (45-64
years; 18%) (Figure 3-11). The 65+ and the below 15 age groups (as car passengers)
cause significantly less emissions (5% and 4% respectively).

Preferred future behaviours of Amsterdam citizens
There is substantial scope with Amsterdam citizens to change their commuting
behaviour in the future, but these are not yet aligned to city policy objectives.
At present 29% of the respondents in Amsterdam only use their car for work, or use it next to
other forms of transport (Figure 0-4). In the future, the share of car users (car-only or parttime) will decline to 17%. 2% of the respondents are considering to buy a greener car and
2% are anticipating to work from home in the future. The share of respondents using ‘public
or active travel (walking/cycling) only’ will rise from 71 to 78%. The figures show that there is
still a significant gap between the policy ambition to end the access of non-electric cars to the
city by 2030 and the anticipated future transport behaviours of citizens.
Figure 0-4: Proportions of present and future car use of commuters Amsterdam

How do people currently
commute in Amsterdam?

Car only;
77; 19%
Public or
active
travel
only; 282;
71%

How do people want to
commute in the future?
Car and
public
or
active
travel;
38; 10%

Car; 79;
17%
Cycling;
226; 48%

Cleaner
car; 9;
2%
Other; 6;
1%
Work
from
home;
10; 2%

Walking;
28; 6%

Public
Transport;
115; 24%

Many Amsterdam citizens are also willing to change their home heating behaviour
away from natural gas, but the willingness of respondents to change is behind city
ambitions.
The vast majority of Amsterdam respondents indicated that they currently have gas heating
at home (82%). Some 13% of the respondents are conneced to the district heating grid and
5% use renewables or solid fuels at present (5%) (Figure 0-5). Given the current policy
ambitions for a gas-free built environment in Amsterdam by 2040, everybody should switch
towards other sources than the current natural gas. Yet, 36% of respondents still expect to
use natural gas in the future. The number of respondents that anticipate using district-heating
in the future does not increase (12%, compared to 13% now), which is also not in line with
current policy ambitions to expand the district-heating grid.

9

Figure 0-5: Current and future choices for home heating in Amsterdam
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Preferred future policies of Amsterdam citizens and reflections by policy makers
Citizens support ambitious policy measures in the city. A ban on wood stoves and
improving public transport are the two most preferred measures by citizens and policy
makers alike.
•

The eleven most popular measures that were indicated by the Amsterdam respondents
are shown in Table 0-2. A ban on wood stoves and improving public transport are the
most preferred measures of citizens and policy makers alike. Only for these two
measures, both groups selected the highest ambitious levels for implementation they
could choose from.

Table 0-2 Amsterdam citizen policy measures
#

Measures

Detailed policy measure for modelling

1

Cleaner buses

Half of the buses emission-free (100% electric or hydrio-powered) by
2025

2

Better public transport

3

More bike paths and bike
parking spots
Cheaper public transport

Increase network density from the net and increase frequency by
2030
60 000 new bike parking spots by 2025. Improving current bike pats
and fast bike routes (bike highways) by 2022
Price of public transport remains the same until 2030

4
5
6

7
8

9

Environmental zone for
polluting cars
Limiting parking for cars

Limiting car-traffic in the
city centre
Accelerating energyefficient house
renovations
Ban wood stoves and
fireplaces in houses and
bars & restaurants

Adding an environmental zone for private cars and making current
environmental zones more stringent
Remove 7.000-10.000 parking spots (approx. 10% of the current
parking spaces in the city centre) and charge € 7.50 per hour
everywhere in the city by 2020
Cars in the city centre are only allowed for people living there
All houses belonging to housing associations reach an energy label B
or C by 2050
Ban wood stoves and fireplaces in both new buildings and existing
buildings from 2025

10

10

Accelerate the uptake of
solar panels in the built
environment
Amsterdam gas-free

11

Mandatory solar panels in all suitable roofs and provide subsidies for it
€ 10.000 subsidy per household in order to facilitate renovation to
become gas-free. Mandatory gas-free building sector by 2030.

Policy makers overall express support for these citizen measures, but also sometimes
add reflections regarding their implementation possibilities.
•

Reflections of policy makers to the ambitions of citizens include, for instance, foreseen
limitations to the speed of increasing the number of charging stations for buses,
incompatibility of reducing public transport tariffs with expanding and greening public
transport, and doubts on increasing the speed of energy efficiency improvements by
housing corporations even more.

Table 0-3 Main reflections of policy makers to citizen measures
Policy area

Public
transport

Active
transport

Private car

Energy

Main reflections of policy makers
Capacity of batteries and fast recharging possibilities are a key implementation issue for
electrification of public transport. Hydrogen fueled public transport is currently
underdeveloped;
An integrated vision on higher capacities in public transport is still lacking. Public transport
density within the ring is already very high and further intensification can lead to new
problems (e.g. noise);
Making private car travel more expensive is a more feasible implementation option than
reducing public transport prices;
Focus in active travel is to better facilitate current cycling densities within the city ring and
to increase cycling density outside the ring;
An environmental zone for private cars would affect in particular commuters, as car
ownership of Amsterdam citizens is very low;
There should be ample room for exemptions, such as for medical transport or for elderly;
High parking tariffs are implementable (and already implemented), but outside the city ring
are currently not considered feasible
Banning woodstoves from the city centre is high on the policy agenda, but enforcement
options are probably low;
Current policy targets to have al dwellings of housing corporations at energy level A is
considered as very difficult to implement. Energy level B/C would already be very positive;
Solar panels are very popular and therefore a higher policy ambition might be feasible, but
making them mandatory would probably go too far;
Current policies to make the built environment natural gas-free by 2040 is already very
ambitious. Monitoring and acting on public resistance to change would be key, next to
gradual implementation.

Modelled impacts of the the combined citizen and policy maker measures
The citizen scenario consisting of the 11 citizen measures would result in far larger
reductions in air pollutant concentrations than a business-as-usual scenario (base
year 2015). However, meeting WHO guideline concentrations in particular for PM
would remain problematic even for the citizen scenario.
•

•

The Business as Usual (BAU) scenario still shows NO2 concentrations within the city
borders around the legal limit values at some spots in 2050 (these are equal to the WHO
guideline values), whereas the Unified Policy (UPS) scenario reduces concentrations to
values well below those limits everywhere;
For PM10, the BAU and UPS scenario comply with the legal limit values, but neither BAU
nor UPS result in compliance with WHO guidelines- even in 2050;
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•

For PM2.5, BAU and UPS scenarios comply with legal limit values, but even in the UPS
scenario there will be still significant exceedances of WHO guideline values in 2025, and
meeting the guidelines will only occur in 2050.

Figure 0-6 NO2, PM10 and PM2.5 concentrations in the BAU and UPS scenario in 2050 6
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6

ClairCity modelling results cannot be directly compared to the national models in the Netherlands due to different modelling
approaches. Also, within the ClairCity approach gradients between concentrations within and outside the city borders result from
the overlay of different models. Only concentrations within the city borders should be regarded. See also the statement on
ClairCity modelling in chapter 5.
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Institutional conditions and mutual learning for implementing citizen-inclusive policies
in Amsterdam
Current institutional conditions for change in Amsterdam seem relatively positive
compared to other ClairCity cities, but significant issues can be foreseen when further
scaling up the energy transition in the city.
•

Funding for air quality and carbon policies seems less problematic in Amsterdam than in
other ClairCity cities, and the dependence of EU funding is small. Despite this, the
expansion of public transport and electrical recharing infrastructure in the city might
require substantial additional funding in the future. Also, past spatial planning issues with
the province regarding wind turbine siting now seem to be solved. Nevertheless, the
renewable energy infrastructure required for fully switching from natural gas to other
sources will require so much space in an already densily populated city and region that
spatial planning for the future is very likely to become a main issue.

While experiences with ambitious policy making in Amsterdam could inspire other
cities, Amsterdam can also learn from the other ClairCity cities.
•

•

Lessons that Amsterdam could learn from other ClairCity cities include the
pedestrianisation of the city centre (Ljubljana), integrating air pollution into the transport
information system (Sosnowiec), work with rather than against citizen culture (Genoa),
integrating local and regional transport (Bristol) and including active transport promotion
into primary and secondary school education (Aveiro).
Potential lessons from Amsterdam for other middle-sized European cities could include
the gradual implementation of the clean air zones; the integration of large-scale cycling
infrastructure in the city and its combination with public transport; the gradual reduction of
road space and increase in parking tariffs for private cars; and the convertion of an
almost fully natural gas-based housing stock into a gas-free built environment.

13

The ClairCity Amsterdam Action Plan
For citizen-inclusive city air quality and carbon policies

•

Engage even more actively with citizens to align the willingness of citizens to
change their current transport and heating behaviours with policy ambitions for
the future.

While the behavioural practices of many Amsterdam citizens in terms of active transport
(cycling) are already very positive and there is considerable willingness to change in terms
of getting out of the car and switching to non-gas heating, a substantial part of the ClairCity
respondents still envisage to continue driving by car into the city centre and to heat their
homes with gas. Further engagement with citizens is therefore required to increase
willingness for change.
•

Engage in particular with commuters as a main group contributing to air
pollution in the city.

In Amsterdam, the main polluters in terms of transport behaviour seem to be younger,
middle income male adults that commute into the city via cars. Hence, communications
and interactions should be directed in particular to this group. This group could be
addressed in dialogue with main businesses situated in Amsterdam.
•

Increase the awareness and attractiveness of district heating in the city as the
main means to reduce dependency on natural gas in the built environment.

As for gas heating, few respondents indicate a willingness to change the existing district
heating system in the city, which will be expanded substantially in the future. Hence, citizen
engagement should address in particular citizen views on this system.
•

Focus on measures addressing Particulate Matter (PM).

Whereas NOx emissions are substantially reduced by the envisaged policy and citizen
measures, PM emissions are decreasing substantially less. Hence, additional policy
actions should be directed at this source. For example, through specific attention to wood
and biomass burning. Actions regarding wood stoves are being considered in the city, but
communications on the negative environmental aspects of wood burning could still be
expanded.
•

Stimulate the visibility of live air quality data in the city.

General awareness of air quality of Amsterdam citizens could also be increased by
publishing live air quality data, in particular also at hotspots in the city. Combining this with
public transport information panels, as has been done in Sosnowiec, could be an
interesting option to do so.
•

Increase the exchange with other cities, focusing on mutual learning and
training.

Amsterdam is already involved in several international and national city networks.
However, the experiences in Amsterdam with transport and heating measures affecting
citizens can be useful to many other cities, while Amsterdam in turn could also learn from
other cities. A review and expansion of training and network possibilities would therefore
be very useful in the process towards a further transition in the city.
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1 Introduction to this report
This chapter provides the context for the ClairCity project (section 1.1) and introduces its
objectives (section 1.2). It also gives a reading guide for this report (section 1.3).

1.1 Introduction
In 2015, the Paris climate agreement set the goal to reduce global greenhouse gas
emissions to keep global temperature rise this century to well below 2 degrees Celsius above
pre-industrial levels7. A similar binding agreement for global air quality is lacking, but in 2005
the World Health Organisation formulated guidelines for ambient air quality aiming to improve
health and reduce premature death caused by air pollution throughout the world. In 2016,
91% of the world population was living in places where the WHO air quality guidelines levels
were not met.8 Numerous countries and the European Union have set air quality targets that
are often not as ambitious as the WHO guideline values, yet provide a legally binding
framework for emission and concentration reductions of air pollutants.
Cities are the main contributors to the emissions of greenhouse gases and air pollutants, and
many have set stricter local goals for emission reductions of greenhouse gases and air
pollutants than the national or EU targets. Improving air quality and reducing carbon
emissions as a contribution to the global, national and local targets and ambitions therefore
will be a huge challenge for cities all over the world in the years to come.
Citizens living in these cities do not only cause
an important part of these emissions through
their daily behaviours, they can also play a key
role in solving these issues. This can be via a
change in behaviour and through providing
democratic support for policy measures to be
implemented that will affect their daily lives.
‘Citizen-inclusive policy making’ is therefore a
crucial prerequisite for future air quality and
carbon policies in cities to be successful in
reducing emissions and reaching targets set on
the local, national and global scales.

7
8

https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://www.who.int/en/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 689289

1.2 Project objectives
The main objective of the ClairCity Project9 is to contribute to successful, citizen-inclusive10
air quality and carbon policy making in cities worldwide.
‘Citizen-inclusive policy making’ in the ClairCity project is defined as
1. Tailoring city air quality and carbon policy measures based on a detailed knowledge of
current behavioural practices of citizens;
2. Asking citizens for their preferences regarding own future behavioural changes and
taking these preferences into account in policy making;
3. Asking citizens for their preferences regarding future air quality and carbon policy
measures in their city and also taking these into account in policy making.
‘Citizen-inclusive policy making’ within the ClairCity project is seen as competely distinct from
‘populistic’ policy making. While the latter is seen as an uncritical adoption of the majority
voice of citizens on singular policy topics, ‘citizen-inclusive policies’ to ClairCity means
establishing city policies that are as much as possible informed by a detailed and constantly
refreshed knowledge of citizens’ opinions and behaviours. Ultimately, the final responsibility
for taking – popular and unpopular – policy measures remains at all times with the
democratically elected bodies.
ClairCity aims to contribute to citizen-inclusive policy making through a detailed examination
and cross-case comparison of six middle-sized cities throughout Europe. In each of these
cities, a comprehensive citizen engagement process has been established, consisting of a
mix of proven and innovative methods. This carefully designed suite of activities aims to
examine current behavioural practices of citizens as well as preferred future behaviours and
policy preferences. By carrying out these activities, ClairCity also contributes to awareness of
citizens of air quality and carbon policy issues.
The six pilot cities and regions examined in the ClairCity project are:
- Bristol (United Kingdom),
- Amsterdam (Netherlands),
- Ljubljana (Slovenia),
- Sosnowiec (Poland),
- Aveiro / CIRA Region (Portugal) and
- Genua/ Liguria Region (Italy).

The ClairCity project (‘Citizen Led Air pollution Reduction in the City’) is funded under the EU Horizon2020 programme, grant
agreement nr 689289. It started in May 2016 and runs until May 2020. ClairCity website: www.claircity.eu.
10
The initial subtitle of ClairCity to promote ‘citizen-led’ policies throughout the project evolved into ‘citizen-inclusive’ policies, in
order to take into account the important role of citizens and stakeholders for informing and co-creating policies, as well as the
final responsibility of democratically elected policy makers for deciding on the implementation of these policies.
9
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1.3 This report
This report is the ClairCity “City Policy Package Report” for Amsterdam, the second city for
which the ClairCity engagement process has been completed11. It provides a summary of the
lessons learned for local air quality and carbon policy making in Amsterdam. The primary
target group of this report are therefore Amsterdam policy makers and politicians. The report
can be of further interest to: politicians and policy makers in other cities; (supra) national and
regional policy makers; and not least, to stakeholders and citizens engaged or interested in
improving air quality and reducing carbon emissions in their city.
Chapter 2 of this report discusses the ClairCity citizen engagement methods that were
applied and tested in the city. Chapter 3 analyses the current air quality and carbon situation
in Amsterdam and looks into current behaviours of citizens that contribute to air pollution and
carbon emissions. Chapter 4 examines what behavioural changes Amsterdam citizens
envisage for themselves in the future and what preferences they have for policy measures. It
also shows what reflections Amsterdam policy makers have on the views of citizens. Chapter
5 quantifies potential consequences of the citizens’ preferences in terms of emissions and
concentrations of air pollutants and of carbon dioxide, in terms of health and in terms of costs
of measures. Chapter 6 discusses specific institutional conditions and barriers for citizeninclusive policies found in Amsterdam as well as mutual learning possibilities in order to
remove these barriers. Chapter 7 finally gives the main conclusions and policy
recommendations that follow from the ClairCity citizen engagement and analysis in
Amsterdam.

11

In the ClairCity project, this report is part of deliverable D7.5 Final Policy Package – Last City.
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2 ClairCity engagement in Amsterdam
This chapter gives an outline of the ClairCity method of preparing the policy
recommendations (section 2.1) and of the citizen engagement activities in Amsterdam
(section 2.2). A more detailed overview of the ClairCity project and the positioning of this
‘Amsterdam Policy Package’ can be found in Annex A. Details of the different ClairCity
engagement methods applied in Amsterdam are given in Annex B.

2.1 The ClairCity method and positioning of the Policy Package
Figure 2-1 shows the five-step process in which the policy recommendations for city policy
makers in Bristol were prepared.
Figure 2-1: ClairCity process including key phases and activities (Policy Package
highlighted in red box) and chain of evidence leading to ClairCity policy recommendations

Citizen
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Policy-maker
check

•Present
behaviours
•Preferred future
behaviours
•Preferred policies
•Awareness

•Feedback on
implementation
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citizen policy
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citizen policy
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Quantified
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citizens'
policies
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•Concentrations
•Health
•Costs

Mutual
learning
•Institutional
conditions and
implementation
barriers
•Experiences for
and from other
cities

Policy
Recommendations

First, in the ClairCity engagement process citizens were consulted in order to examine their
present behavioural practices, their preferences for future behaviours and their preferences
for future policies. The process by itself contributed to citizen awareness of air quality and
carbon issues and policies in the city and also included some activities specifically directed at
awareness building.
Second, feedback was obtained on implementation possibilities of the citizen policy
preferences through a workshop with local and regional policy makers involved in air quality
and carbon related policies. In the workshop, the policy measures that evolved from the
engagement process were further developed and partly quantified.
Third, from the more detailed citizen policy measures a ‘Unified Policy Scenario’ was
constructed. In this scenario the impacts were modelled regarding emissions and
concentrations of air pollutants and greenhouse gases, health impacts and costs to citizens
and city. These impacts were compared to a business-as-usual scenario with city policy
measures implemented and specified in the base year 2015.
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Fourth, the specific institutional conditions and barriers for implementation of the citizen
measures in Amsterdam were examined. These consisted of political framing, financial
conditions, multilevel policies and other conditions. These were compared with the
experiences in the other ClairCity cities to examine what lessons could be learned from and
for Amsterdam regarding promising ways for implementation of the citizen measures.
Finally, detailed policy recommendations for Amsterdam were prepared taking all the steps in
the ClairCity process into account.

2.2 Citizen engagement in Amsterdam
Central in the ClairCity project stands the engagement process that was specifically designed
for the project and rolled out in all six cities. It consists of a suite of existing and proven
methods as well as of experimental and innovative methods (Table 2-1).
Table 2-1: ClairCity’s citizen engagement activities

Awareness
related

Policy
related

Citizens,
general

1)
2)

Mutual Learning Workshop

X

Delphi Process

X

Skylines Game

X

Citizens,
specific
target
groups1)

X
X

Secondary schools activities

X

Elderly film competition

X

ClairCity City Day

X

GreenAnts App

X

Other
stakeholders2)

X

X

Elderly, pupils secondary school
NGOs, business, knowledge institutes

Three engagement activities served as key sources to inform the policy workshop and policy
recommendations: the Mutual Learning Workshop, the Skylines game for mobile phones and
the Delphi-process. In the Mutual Learning Workshop, citizens and other stakeholders
(business, NGOs, knowledge institutions) could discuss in the beginning of the engagement
process potential policies for the city12. In the Skylines game, citizens could decide on
policies for their city as if they were the mayor of the city13. The Delphi process consisted of a
three step funneling process, starting with general questionnaires about citizens behaviours
and preferences, and ending with ‘Stakeholder Dialogue Workshops’ to discuss outcomes of
the process with stakeholders and to build various citizen scenarios as an input for the policy
workshops14.
In addition, several awareness building activities were carried out in the city to reach specific
target groups and to further inform the policy recommendations. These were a film
competition for the elderly, classroom discussions with secondary school pupils and a City
Day to present ClairCity. An app for the mobile phone that tracks citizens’ personal transport

12

See ClairCity Report D4.16 Mutual Learning Workshop
See ClairCity Report D4.10 Game User Manual and Data Report
14
See ClairCity Report D4.4 Delphi Evaluation Report
13
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behaviour and shows its consequences in terms of concentrations of air pollutants
(GreenAnt) still needs to be implemented in the city15.
In total, during the period 2017 – 2019 over 1,100 Amsterdam citizens were reached by the
various ClairCity citizen engagement methods (Table 2-2). While this sample is not fully
representative of the Amsterdam population as a whole16, it gives an indication of support for
policy measures and intentions for behavioural change that can be used by policy makers to
inform future policies.
Table 2-2: Number of participants in ClairCity citizen engagement methods in Amsterdam
Citizen engagement activity

# of participants engaged

Delphi Process

638

Skylines Game

371

Mutual Learning Workshop

20

Stakeholder Dialogue Workshop (in Delphi process)

19

Policy Workshop*)

6

*) the number of participants of the policy workshop is also included here, despite not being formally part of the
citizen and stakeholder engagement process

15

As of December 2019
638 people responded to the ClairCity survey in Amsterdam, out of a city population of 834,713 . The Amsterdam respondents
were 55% male, which is slightly higher than the city gender ratio. The respondents were disproportionately older compared to
the city population, with 89% of respondents aged 37 or older in the Round 1 sample, compared to only 52% of the city
population. The sample was more educated (i.e. had higher level of qualifications) than average, with limited representation of
those who had a low level of education compared to the categories used to collect city-wide data. In the sample, 67% of the
respondents had a “high” level of education with only 5% having “no/low” level of eduation, compared to the city population
where 47% have a “high” level, and 22% have a low level of education. In The Netherlands, categories regarding the national
identity are more relevant than ethnicity of respondents. The “non-Dutch” population of Amsterdam is around 14% according to
city statistics. In Round 1, 13% of the sample were non-Dutch nationals with 5% of the total from Western countries (Europe,
North America, Japan etc) and 8% from non-Western countries.
16
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3 Current air quality and carbon situation in
Amsterdam
In order to establish a baseline against which the impacts of citizen desires for the future of
their city can be compared, this chapter identifies the existing air quality and carbon
concentrations and emissions in Amsterdam (section 3.1), current city air quality and carbon
policies (section 3.2) and current stated behaviours of citizens that took part in the
engagement process (section 3.3).

3.1 Current concentrations and emissions
In the ClairCity Policy Baseline report as of 201717, it was noted that:
“Decreasing emissions and concentration levels point to some successes of
Amsterdam air quality and climate change policies in recent years. For particulate
matter (PM), the European standards are clearly met in the city, although values
measured still exceed the WHO guidelines. NO2 concentrations at some hotspots still
exceed the EU limit values. Total CO2 emissions have remained almost constant over
the period 2011 – 2015, whereas CO2 emissions per capita have somewhat
decreased as the city population has grown faster than emissions.”
The latest figures as of 2018 indicate that legal limit values of air pollutants in Amsterdam are
generally met, but at nine ‘hotspot’ streets in Amsterdam the European legal limit values are
still exceeded18.
Figure 3-1 Modelled exceedances of legal NO2 EU limit values in Amsterdam in 2018,
divided over nine streets19

However, recent municipal policy goals to comply with the stricter WHO air quality guideline
values by 2030 make a comparison with the WHO values more relevant than comparison

17

ClairCity (2017) D6.1 Amsterdam Policy Baseline report, see www.claircity.eu
Modeled concentrations. Municipality of Amsterdam (2019) website “Follow the Policy: Clean Air” (in Dutch),
https://www.amsterdam.nl/bestuur-organisatie/volg-beleid/duurzaamheid-energie/schone-lucht/
19
Monitoring NSL, NOx > 40,5 microgrammes, https://www.nsl-monitoring.nl/viewer/
18
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with legal limits20. Local measurements show that these guideline values are not met for
several pollutants:
NO2 concentration yearly average guideline values given by WHO (40 µg m-3) were
exceeded at 22 street lociations in 201821. Concentrations are declining over recent
years, but similar to PM and black carbon, the trendline is flattening.
PM10 concentrations are decreasing over the period 2008-2018, but concentrations
measures at street stations still exceed WHO yearly average (20 µg m-3 and daily
average guideline values (50 µg m-3 for no more than three days per year). In recent
years reductions are less than in previous years, suggesting a flattening reduction
trend for PM10.
PM2.5 concentrations in 2018 exceeded WHO guideline values for yearly and daily
averages (10 / 25 µg m-3) at all measuring stations. Over the period 2010-2018, PM2.5
concentrations are decreasing, but the reduction trendline is – as for PM10 – flattening
out.
Black carbon concentrations are measured in Amsterdam as well. Although no
WHO guideline values exist for black carbon, the WHO notes that due to its negative
health effects, black carbon concentrations in general should be minimised.
Measurement data are more limited than for PM (only for recent years), but suggest a
slightly decreasing trend.
CO2 emissions in Amsterdam have declined from almost 4.8 Mt in 2013 to 4.4 Mt in
2017. While emissions of the sectors built environment and industry dropped, those of
the transport sector remained almost constant22. Amsterdam aims to become climate
neutral by 2050.
Figure 3-2 summarises main features of the current Amsterdam air quality and carbon
situation.
Figure 3-2: Main features of the current Amsterdam air quality and carbon situation
(sources: Municipality of Amsterdam, GGD)

20

GGD Amsterdam (2019) Meetresultaten luchtkwaliteit Amsterdam 2018
Measured concentrations, Palmes Tubes.
22
See https://klimaatmonitor.databank.nl
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In the ClairCity project, concentrations of air pollutants were modelled for the base year 2015
in order to compare them to business-as-usual policies as known in 2015 as well as to the
measures jointly suggested by citizens and policy makers. Annex C gives more information
of the ClairCity modelling assumptions23.
Figure 3-3 a) shows the exceedances of NO2 limit values in 2015 as modelled by ClairCity24.
The map indicates main sources of air pollution, as it shows a clearly visible correlation to the
street pattern, the shipping/docks patterns, as well as to Amsterdam airport. The simulation
results suggest a maximum concentration of 82.7 µg.m-3 at the ring road/highway A10 and at
the harbour.
ClairCity modelling further suggests that in 2015 the current EU annual legal limit value for
NO2 annual concentrations (40 µg.m-3) was exceeded in 155 grid cells of 200 x 200 metres in
Amsterdam25 (Figure 3-3 b) This corresponds to 3% of the total population within the urban
area that might have been exposed to those concentrations26. The figure suggests in
particular inhabitants living next to the ringroad A10 and IJ-tunnel connecting roads were
affected. However, negative health effects also occur below EU legal limit values and in other
city areas.
Figure 3-3 NO2 contour maps for Amsterdam in current situation (reference year 2015): a)
annual average of NO2 concentrations and b) number of inhabitants within the cells
exceeding the EU annual limit value of 40 µg.m-3.

For PM, the ClairCity modelling indicates that, while Amsterdam complied with the legal limit
values for PM concentrations in 2015, it did not comply with the stricter guidelines of the
World Health Organisation (WHO)27. Figure 3-4 a) shows 102 cells exceeding the WHO
guideline value for PM10, which represents less than 1% of the population. For PM2.5, no less

23

The results of ClairCity modelling do not fully correspond to those of local modelling as a result of different modelling
assumptions. A full comparison of ClairCity modelling assumptions with those of all cities was considered to be outside the
scope of this project. ClairCity modelling results should therefore be seen as indicative only.
24
ClairCity modelling results cannot be directly compared with modelling in the Netherlands due to different modelling
assumptions. See Textbox 5-1 for more information.
25
A ‘cell’ refers to the 200 m x 200m modelling domain that was utilsed by ClairCity
26
See for the calculations the annexes to this report and the ClairCity final modelling report.
27
Based on the latest scientific evidence available, WHO has established limit values for PM10 and PM2.5 that are substantially
below current EU and British legal limit values. These values are 20 µg.m-3 for PM10 (compared to a legal limit value of 40
µg.m-3) and 10 µg.m-3 for PM2.5 (legal limit value 25 µg.m-3 annual mean). See https://www.who.int/news-room/factsheets/detail/ambient-(outdoor)-air-quality-and-health
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than 3455 cells are exceeding the standard, denoting that some 62% of the population were
potentially exposed to those elevated concentrations in 2015 (Figure 3-4 b).
Figure 3-4: Number of inhabitants within the cells exceeding the WHO air quality
guideline values: a) of 20 µg.m-3 for PM10 concentrations, and b) of 10 µg.m-3 for PM2.5
concentrations.

Figure 3-5 shows the Amsterdam Carbon Footprint in 2015 as modelled by ClairCity. The
indicator takes into consideration the overall life cycle of the energy carrier, hence not only
the emissions of the final combustion, but also emissions that take place outside the location
where the fuel is used. As can be seen in the figure, the services and residential sectors
cause by far the largest part of the (lifecycle adjusted) greenhouse gas emissions in
Amsterdam.
Figure 3-5 Amsterdam Carbon Footprint expressed as tonnes CO2-eq on Life Cycle by fuel
and sector in 2015 (Source: ClairCity modelling)

24

3.2 Existing air quality and carbon policies
The ClairCity Amsterdam policy baseline report, as published in 2017, gave the following
main targets of Amsterdam policies28:
•

Renewable energy – 20% more renewable energy and 20% less energy use per
citizen in 2020 compared to 2013;
Clean and healthy air – 30% lower soot concentrations and 35% lower NO2
concentrations in 2025 compared to 2015 as a result of smart and clean traffic;
Circular economy – Waste is a source of new products and materials, 65% of waste
will be recycled in 2020;
Climate-proof city – Spatial and infrastructural planning in Amsterdam that takes into
account the effects of climate change;
Sustainable municipality – Public procurement of the municipality which takes into
account all sustainability targets of the Agenda.

•
•
•
•

However, since the elections in March 2018, the four-party, centre-left coalition holds even
more ambitious sustainability goals than that of the previous city council (See Textbox 3-1).
Textbox 3-1 Main local air quality and climate related policy targets Amsterdam in 2019

•
•
•
•
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A ‘natural-gasfree’ Amsterdam by 2040;
A ‘transport emissions free’ city within the city ring by 2030;
Meeting WHO guideline concentrations by 2030;
Reducing overall CO2 emissions in the city by 55% in 2030 and by 95% by 2050.

For transport, there are currently ‘clean air’- or ‘environmental zones’ (milieuzones) in place
for polluting trucks, taxis, buses, delivery vans, scooters and mopeds. These do not apply to
private cars, but in 2030 no diesel/petrol cars will be allowed anymore within the city ring.
Private car use at present is discouraged through a strict parking policy with high hourly
tariffs and a reduction of the number of general parking spots by 7,000 to 10,000 until 2025.
At the same time, recharging facilities for electric cars are strongly stimulated throughout the
city.
For public transport the ambition is that all buses in Amsterdam are emission free by 2025.
There are also investments planned to increase the amount of metro and tram/bus
frequency. The council further expects to invest substantially in infrastructure for high-speed
cycling as well as to create up to 40,000 new bike parking spots by 2030 with the aim to
stimulate active travel.
Energy policies at present focus on expansion of the heat grid, stimulating solar PV at private
and public rooftops and improving energy efficiency of the stock of housing corporations.
Within the city in recent years also several citizen-initiated energy renewable energy
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ClairCity (2017) D6.1 Amsterdam Policy Baseline report, see www.claircity.eu
Municipality of Amsterdam (2019) website “Follow the Policy” Clean Air / Sustainability and Energy / Natural-Gasfree (in
Dutch), https://www.amsterdam.nl/bestuur-organisatie/volg-beleid/duurzaamheid-energie/schone-lucht/;
https://www.amsterdam.nl/bestuur-organisatie/volg-beleid/duurzaamheid-energie/duurzame-energie/
https://www.amsterdam.nl/bestuur-organisatie/volg-beleid/duurzaamheid-energie/aardgasvrij/
29
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cooperations have become active, which stimulate the use and production of renewable
energy by private households and companies.

3.3 Concentrations and emissions relating to citizen behaviour
Figure 3-6 shows the local contribution to main sources of air pollution in Amsterdam. As can
be seen, road transport (‘traffic’) is the local pollution source of primary concern in
Amsterdam. To better understand the impact that citizens are having on emissions of NO2
and km travelled from road transport, road transport emissions attributable to citizens were
apportioned by a number of categories, including trip purpose30, gender and income.
Figure 3-6 Main local sources of air pollution in Amsterdam (local impact = contribution of
local sources to concentrations of pollutants, % of total concentration) 31

3.3.1 Road transport emissions by trip purpose / daily activity
The total annual road transport NOx and PM emissions for Amsterdam by trip mode in 2015
are presented in figure 3-7. The figure shows that private cars cause by far the most
transport emissions in Amsterdam compared to other modes of road transport. This holds
even more for PM (77% of total emissions) than for NOx (55%).

30

The trip purpose / citzen activity definitions are taken from the Uk National Travel Survey. These include: Commuting: trips to
a usual place of work from home, or from work to home; Business: personal trips in course of work, including a trip in course of
work back to work. This includes all work trips by people with no usual place of work (e.g. site workers) and those who work at
or from home; Other: trips to work from a place other than home or in course of work, e.g. coming back to work from going to the
shops during a lunch break. In most tables this is included with 'personal business'; Education: trips to school or college, etc. by
full time students, students on day-release and part time students following vocational courses; Shopping: all trips to shops or
from shops to home, even if there was no intention to buy; Personal business: visits to services, e.g. hairdressers, launderettes,
dry-cleaners, betting shops, solicitors, banks, estate agents, libraries, churches; or for medical consultations or treatment; or for
eating and drinking, unless the main purpose was entertainment or social; Leisure: visits to meet friends, relatives, or
acquaintances, both at someone’s home or at a pub, restaurant, etc.; all types of entertainment or sport, clubs, and voluntary
work, non-vocational evening classes, political meetings, etc.; Escort: used when the traveller has no purpose of his or her own,
other than to escort or accompany another person; for example, taking a child to school. 'Escort commuting' is escorting or
accompanying someone from home to work or from work to home. Similarly, other escort purposes are related to the purpose of
the person being escorted.
31
Municipality of Amsterdam (2018) Clean Air Action Plan
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Figure 3-7 Amsterdam NOx and PM emissions from transport by trip mode in 2015

Figure 3-8 shows the same transport emissions data as Figure 3-7, focusing on private trip
motives and hence excluding freight transport. The figure shows that in Amsterdam most
emissions are caused by work related transport. This holds for NOx as well as for PM10. This
in contrast to for instance Bristol, one of the other ClairCity cities, where shopping and leisure
transport cause most emissions. Nevertheless, the figure also shows that shopping and
leisure together form an important part of total emissions (17 and 23% of NOx and PM10
emissions respectively). A large part of transport emissions in Amsterdam is also caused by
trips for ‘discretionary’ (unidentified) trip motives.
Figure 3-8 Amsterdam NOx and PM emissions from transport by trip motive of citizens in
201532

32

Centraal Bureau voor de Statistiek (CBS); Rijkswaterstaat (RWS) (2016): Onderzoek Verplaatsingen in Nederland 2015 OViN 2015. DANS. https://doi.org/10.17026/dans-z38-prz4
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3.3.2 Road transport emissions by gender
The annual road transport NOx emissions and km travelled data for Amsterdam is presented
in Figure 3-9 as percentages and apportioned by gender. The figure shows that men in
Amsterdam cause more NOx emissions than women due to their displacements by car (32
versus 23% of total transport emissions respectively). Work related emissions are more
prominent for men than for women (15% versus 6%). Recreational transport for both genders
is the second largest emission category (6% and 5% of emissions).
Figure 3-9 NOx emissions in Amsterdam per gender, trip mode and trip motive (% of total
transport emissions in 2015)33

3.3.3 Road transport emissions by income
Figure 3-10 shows NOx emissions of Amsterdam citizens split out into three income groups,
low (0 – 21,000 euro/year), middle (21 – 36,000 euro/year) and high (> 36,000 euro/year).
The data shows that the middle income group causes most emissions, followed by the high
income group and then the low income group. The figure also shows that public transport use
decreases with higher incomes, while emissions caused by private car use are highest in the
middle income group, followed by the low income group.

33

Centraal Bureau voor de Statistiek (CBS); Rijkswaterstaat (RWS) (2016): Onderzoek Verplaatsingen in Nederland 2015 OViN 2015. DANS. https://doi.org/10.17026/dans-z38-prz4
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Figure 3-10 NOx emissions of Amsterdam citizens’ transport behaviour split out by income
(%)34

3.3.1 Road transport emissions by age
Teenagers and younger adults (15-44 years) by far cause the most transport emissions in
Amsterdam (27%), followed by older adults (45-64 years; 18%) (Figure 3-11). The 65+ and
the below-15 group (as car passengers) cause far fewer emissions (5 and 4% respectively).
Figure 3-11 NOx emissions of Amsterdam citizens’ transport behaviour split out by age
(%)35

34

Centraal Bureau voor de Statistiek (CBS); Rijkswaterstaat (RWS) (2016): Onderzoek Verplaatsingen in Nederland 2015 OViN 2015. DANS. https://doi.org/10.17026/dans-z38-prz4
35
Centraal Bureau voor de Statistiek (CBS); Rijkswaterstaat (RWS) (2016): Onderzoek Verplaatsingen in Nederland 2015 OViN 2015. DANS. https://doi.org/10.17026/dans-z38-prz4
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4 Citizens’ views on cleaner air and carbon policies
in Amsterdam
In addition to data on current behaviours of Amsterdam citizens, the ClairCity citizen
engagement process gave also insights into the degree that citizens want to change their
behaviour. This included insights into ways that would contribute to cleaner air and lower
carbon emissions in Amsterdam, and views that citizens had about future policies. These are
outlined here36.

4.1 Views of citizens on their own transport and heating
behaviours in the future
In Amsterdam, 638 respondents answered to the round 1 Delphi questionnaire. In this
sample, there were more male, older and higher educated respondents than in the overall
Amsterdam population, while the percentage of non-Western respondents was almost the
same as that of the population as a whole37. The sample therefore should not be seen as
representative of the population, but nevertheless giving insights into behaviours and visions
of the Amsterdam population. The respondents were interviewed for their commuting,
shopping, leisure and heating behaviours as well as for their preferences regarding these
practices for the future.

4.1.1 Commuting behaviour
Figure 4-1 shows that at present 29% of the respondents in Amsterdam only use their car for
work, or use it part of the time. In the future, the share of car users (car-only or part-time) will
decline to 17%. 2% of the respondents is considering to buy a cleaner car and 2% is
anticipating to work from home in the future. The share of respondents using ‘public or active
travel only’ will rise from 71 to 78%. The figures show that there is still a significant gap
between the policy ambition to end the access of non-electric cars to the city by 2030 and the
anticipated future transport behaviours of citizens.

Data primarily derived from the Amsterdam ‘Delphi process’, see Annex B
The Amsterdam respondents were 55% male, which is slightly higher than the city gender ratio. Our respondents were
disproportionately older compared to the city population, with 89% of respondents aged 37 or older in our Round 1 sample,
compared to only 52% of the city population. Our sample was more educated (i.e. had higher level of qualifications) than
average, with limited representation of those who had a low level of education compared to the categories used to collect citywide data. In our sample, 67% of the respondents had a “high” level of education with only 5% having “no/low” level of eduation,
compared to the city population where 47% have a “high” level, and 22% have a low level of education. In The Netherlands,
categories are more relevant regarding the national identity rather than ethnicity of respondents. The “non-Dutch” population of
Amsterdam is around 14% according to city statistics. In Round 1, 13% of our sample were non-Dutch nationals with 5% of the
total coming from Western countries (Europe, North America, Japan etc) and 8% coming from other non-Western countries.
36
37
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Figure 4-1: Proportions of present and future car use of commuters Amsterdam

How do people currently
commute in Amsterdam?

Car only;
77; 19%

How do people want to
commute in the future?
Car and
public
or
active
travel;
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Public or
active
travel
only; 282;
71%

Cleaner
car; 9;
2%
Other; 6;
1%
Work
from
home;
10; 2%

Walking;
28; 6%

Public
Transport;
115; 24%

There are 18 respondents (5% of the 331 ‘commuter’ respondents) who only travel by car in
the present that would like to switch to using alternative means (Table 4-1). The most
frequent responses why they haven’t switched yet related to negative comments about public
transport (6 responses), with two respondents saying that public transport took longer, and
two mentioning that they had children and this was one of the reasons that made public
transport less convenient.
Table 4-1 Matrix of modal change desires for commuting trips in Amsterdam

Row Labels
Entrenched
Getting worse
Looking for positive
change
Staying positive
Grand Total

FUTURE COMMUTING CATEGORISED
38
8
18
267
331

4.1.2 Shopping and leisure behaviour
Figures 4-2 and 4-3 show current and desired future shopping and leisure behaviours of
Amsterdam respondents. The percentage of respondents that uses only the car for shopping
at present is 11% and an additional 12% uses it sometimes (Figure 4-2). In the future, the
percentage of car users (car-only and part-time) will decline to 14%. The number of public or
active travel users will rise from 76% to 83%. An increase of delivery options in the future
does not seem to affect transport modes much (1% at present and in the future).
Anticipated changes for leisure seem larger than in shopping. Here a total of 45% of car-only
or occasional car users in the future will decline to 23% in the future (Figure 4-3).
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Figure 4-2: Current and future transport choices for shopping in Amsterdam

How do people currently travel
for shopping in Amsterdam?
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Other; 1;
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Car and public or active travel and delivered; 1; 0%

Figure 4-3: Current and future transport choices for leisure in Amsterdam
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Car only;
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Cleaner
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1%

Walking;
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4.1.3 Home heating behaviour
Not surprisingly, the vast majority of Amsterdam respondents indicate they have gas heating
at home (82%). Some 13% of the respondents are conneced to the district heating grid and
5% uses renewables or solid fuels at present (5%) (Figure 4-4). Given the current policy
ambitions for a gas-free built environment in Amsterdam by 2040, everybody should be
switching towards other sources than the presently dominant fuel source gas. Yet, 36% of
respondents still expects to use gas in the future. The number of respondents that anticipate
using district-heating in the future does not increase (12%, compared to 13% now), which is
also not in line with current policy ambitions to expand the district-heating grid.
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Figure 4-4: Current and future choices for home heating in Amsterdam
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4.2 Views of citizens on future policies in Amsterdam
The ClairCity team also asked Amsterdam citizens for the preferred future air quality and
carbon policies in the city (Figure 4-5). Improving public transport was the most popular
measure with respondents, next to creating more cycle lanes and cycle parking was also
very popular. Road safety was also a key concern to individuals. Further, there was some
support for levies for older/more polluting cars and banning cars and mopeds from the city
centre. Regarding heating, action from housing corporations to provide more sustainable
heating sources was strongly supported. Respondents were far less positive about
completely pedestrianizing the city centre and about car-centered policies like more roads,
free parking and reducing the number of cycle lanes.
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Figure 4-5: Citizens' views on the impact that proposed policy options in Amsterdam
would have on their city (Source: ClairCity Delphi process)

The eleven most popular measures that were indicated by the Amsterdam respondents were
used as an input for a ‘Stakeholder Dialogue Workshop’ in which Amsterdam citizens and
other stakeholders could participate38. Participants in the workshop had to choose between
three different ambition levels for each measure: one level lower than current policy
ambitions; one level similar to these ambitions; and, one level higher than the policy
ambitions. From their choices, two different coherent scenarios were produced by the
ClairCity team, one merging all selected lowest ambition levels by participants (Scenario
‘LOW’), and one merging all selected highest ambitions (Scenario ‘HIGH’) (Table 4-2).
In the scenario HIGH, based on the choices of workshop participants ten out of eleven
selected ambition levels are higher than the current policy ambition level. Only for the
measure of reaching energy level A for all housing owned by housing corporations the
participants considered it not possible to go beyond the current policy ambition levels
(measure to be achieved by 2050). In the scenario LOW, six ambition levels are below
current policy ambitions and three are at three measures are at the current policy level. Still
two out of the eleven selected ambition levels by participants go beyond the present policy
ambition levels, indicating that more ambitious policies to ‘improve public transport’ and for
‘banning woodstoves and fireplaces’ are high on the priority list of participants.

38

19 people participated in the workshop held on 23 January 2019
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Table 4-2 Overall preferred policy measures of Amsterdam citizens

#
1

Measure
Cleaner buses

Proposed scenario LOW *)
Half of the buses emissionfree (100% electric or hydropowered) by 2025

Proposed scenario HIGH **)
All buses emission-free
(100% electric or hydropowered) by 2022

2

Better public
transport

Increase network density
from the net and increase
frequency by 2030

Increase network density
from the net and increase
frequency by 2030

3

More bike paths
and bike parking
spots

4

Cheaper public
transport

40.000 new bike parking
spots by 2030. Improving
current bike paths and fast
bike routes (bike highways)
by 2025
Price of public transport
remains the same until 2030

60.000 new bike parking
spots by 2025. Improving
current bike pats and fast
bike routes (bike highways)
by 2022
Price of public transport
becomes 50% cheaper for
everyone

5

Environmental
zone for
polluting cars

Maintain current
environmental zones

6

More parking for
cars

Maintain the current number
of parking spots

7

Limiting cartraffic in the city
centre

8

Accelerating
energy-efficient
house
renovations
Banning wood
stoves and
fireplaces in
houses and bars
& restaurants
Accelerating the
uptake of solar
panels in the
built
environment
Amsterdam gasfree

Maintain current legislation
for cars (i.e. reducing car
traffic by one-way roads and
splitting up traffic routes)
All houses belonging to
housing associations reach
an energy label B or C by
2050
Ban wood stoves and
fireplaces in both new
buildings and existing
buildings from 2025

Adding an environmental
zone for private cars and
making current
environmental zones more
stringent
Remove 7.000-10.000
parking spots (approx. 10%
of the current parking spaces
in the city centre) and charge
€ 7.50 per hour by 2020
Cars in the city centre are
only allowed for people living
there

9

10

11

Maintain current regulation.
No incentives from the
Municipality of Amsterdam to
promote solar energy (except
for housing associations)
€ 2.500 subsidy per
household in order to
facilitate renovation to
become gas-free. No
obligations for the building
sector.
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All houses belonging to
housing associations reach
an energy label A by 2050
Ban wood stoves and
fireplaces in both new
buildings and existing
buildings from 2025
Mandatory and subsidised
solar panels in all suitable
roofs
€ 10.000 subsidy per
household in order to
facilitate renovation to
become gas-free. Mandatory
gas-free building sector by
2030.

4.3 Reflections from Amsterdam policy makers
The overall preferred policy measures of Amsterdam citizens were discussed in a workshop
with Amsterdam policymakers39. These policymakers consisted of policy advisors on air
quality (from environment and health department), transport advisors and emission-free
public transport experts (from transport and public space department.
For each of the eleven measures that were given as an input from the ClairCity stakeholder
engagement process, policymakers could provide their remarks regarding inplementation
possibilities. They could also choose between the low and the high ambition level as being
the most realistic to be implemented in practice. The resulting policy ambitions from citizen
engagement and policy reflections together form the ClairCity “Unified Policy Scenario”
(UPS), which is a main output of the overall ClairCity engagement process. The impacts of
this UPS were subsequently used to model what would be the impacts of implementing these
commented citizen views (see Chapter 5).
In the workshop, the policymakers in general backed the high ambition options. Only for the
introduction of ‘cleaner buses’, ‘cheaper public transport’ and ‘accelerating energy-efficient
house renovations’, the low ambition option was favoured. The main reasons to justify these
lower ambition choices were that the current policy ambitions are already very ambitious and
that the ‘high’ ambition options (going beyond current policy) were considered unrealistic to
implement in practice due to practical considerations (too short implementation deadline or
other).
Table 4-3 provides more detailed insights on the main implementation barriers identified by
policy makers and ways to overcome these barriers. Key messages of policy makers for
implementation are:
Public transport
- Capacity of batteries and fast recharging possibilities are a key implementation issue for
electrification of public transport. Hydrogen fueled public transport is currently
underdeveloped;
- An integrated vision on higher capacities in public transport is still lacking. Public
transport density within the ring is already very high and further intensification can lead to
new problems (e.g. noise);
- Making private car travel more expensive is a more feasible implementation option than
reducing public transport prices;
Active transport
- Focus in active travel is to better facilitate current cycling densities within the city ring and
to increase cycling density outside the ring;
Private car
- An environmental zone for private cars would affect in particular commuters, as car
ownership of Amsterdam citizens is very low;

39

Workshop held on 27 March 2019, 6 participants
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-

There should be ample room for exemptions, such as for medical transport or for elderly;
High parking tariffs are implementable (and already implemented), but outside the city
ring are currently not considered feasible

Energy
- Banning woodstoves from the city centre is high on the policy agenda, but enforcement
options are probably low;
- Current policy targets to have al dwellings of housing corporations at energy level A is
considered as very difficult to implement. Energy level B/C would already be very
positive;
- Solar panels are very popular and therefore a higher policy ambition might be feasible,
but making them mandatory would probably go too far;
- Current policies to make the built environment natural gas-free by 2040 is already very
ambitious. Monitoring and acting on public resistance to change would be key, next to
gradual implementation.
Overall, the policy makers participating in the workshop believed that current air quality and
climate policy measures formulated in Amsterdam until now would be not enough to achieve
the very ambitious local policy goals set. The Amsterdam Roadmap currently drafted would
be key to change this. The cost of action in general did not seem a major problem to the
policy makers. However, of the available city budgets a larger share would have to be
dedicated to air quality and climate policies. Overall citizen support for air quality and carbon
policy measures in Amsterdam was considered high by the policy makers. However, it was
also remarked that citizens could become more negative when they would envisage that
measures also were very likely to require their own investments and/or behavioural changes.
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Table 4-3 Amsterdam policy makers’ choice on preferred citizen measures: Final ClairCity Policy Unified Scenario for Amsterdam (March
2019 workshop)
#

Measures

Chosen
option
Low
ambition

Concrete policy measure

Implementation comments

1

Cleaner buses

Half of the buses emission-free (100%
electric or hydrio-powered) by 2025

Better public
transport

High
ambition

Increase network density from the net and
increase frequency by 2030

3

More bike
paths and bike
parking spots

High
ambition

60 000 new bike parking spots by 2025.
Improving current bike pats and fast bike
routes (bike highways) by 2022

4

Cheaper public
transport

Low
ambition

Price of public transport remains the same
until 2030

5

Environmental
zone for
polluting cars

High
ambition

Adding an environmental zone for private
cars and making current environmental
zones more stringent

• The high scenario is too ambitious, not achievable
• Current electric buses have a range of 80 km on one battery load, which is not enough
for a full day service. More buses and more charging points are therefore needed.
Finding charging points and permits takes too long.
• There are currently no fast-charging stations for buses. In 2020, seven fast-charging
stations will be opened.
• Current batteries cannot service larger buses. Night buses have a charging problem
(same buses as during the day, need time to recharge).
• Policy issue at the moment is to decide who has to pay for what exactly (the local public
transport company GVB, the municipality and/or the regional transport cooperation
Vervoersregio Amsterdam)
• The implementation of hydrogen busses is lagging behind. They are expensive and there
are no fuelling possibilities yet.
• This is an obvious policy option, but it also entails high costs.
• Higher density can lead to problems e.g. more stops in a bus-line lead to more
commuting time and noise in streets where (tram) transport increases.
• Inside the city ring A10 the network density is already high; outside the ring travelling
times are an issue.
• There is currently no integrated vision on how the public transport network will look like in
2030, not even at the Municipality.
• It can be unpleasant to ride a bike on a street in Amsterdam – roads are very busy and
not safe.
• Current ambition: 40 000 – 60 000 places on top of the previously planned
(‘Meerjarenprogramma Fiets’). There are in particular ambitions to increase current
cycling rate (25-30%) outside the ring (to approx 56%).
• High ambition (‘cheaper public transport’) is reckless and not in line with other policy
ambitions.
• Make driving a car more expensive is a financially more viable way to reduce the relative
costs of public transport.
• The high ambition is achievable and ways of implementation of a environmental zone for
cars are currently investigated, since this is the ambition of the new city council coalition.
• How much support there is from citizens for an environmental zone for cars is not clear
yet.
• Only 24% of the Amsterdam citizens own a car, which is very low. The zone would
therefore affect in particular commuters.

2
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6

Limiting
parking for cars

High
ambition

7

Limiting cartraffic in the
city centre
Accelerating
energy-efficient
house
renovations

High
ambition
Low
ambition

All houses belonging to housing
associations reach an energy label B or C
by 2050

Banning wood
stoves and
fireplaces in
houses and
bars &
restaurants
Accelerating
the uptake of
solar panels in
the built
environment

High
ambition

Ban wood stoves and fireplaces in both new
buildings and existing buildings from 2025

High
ambition

Mandatory solar panels in all suitable roofs
and provide subsidies for it

Amsterdam
gas-free

High
ambition

€ 10.000 subsidy per household in order to
facilitate renovation to become gas-free.
Mandatory gas-free building sector by 2030.

8

9

10

11

Remove 7.000-10.000 parking spots
(approx. 10% of the current parking spaces
in the city centre) and charge € 7.50 per
hour everywhere in the city by 2020
Cars in the city centre are only allowed for
people living there

• A high ambition is considered feasible and participants agree with the removing parking
spaces part, but a high parking tariff outside the ring (centre) is probably not feasible.
• What it’s meant by ‘city centre’ should be more exactly specified and there should be
exemptions for people who need access for e.g. medical reasons, for deliveries to shops
and for clean cars.
• The current level of policy ambitions is already very high
• It is very expensive to isolate all houses to an A level, housing associations and the
municipality together need to pay for this.
• There is a distinction needed between the kind of houses. 17 th century monumental
buildings in the city centre and other older buildings will be very hard to isolate to the
desired levels.
• Policies in this area very difficult to enforce.
• The current alderman is slightly more open for this.
• Public opinion on this issue is changing rapidly, leading to increasing support for
measures.
• There is scope for a higher ambition as solar panels are very popular in Amsterdam.
• Making something “mandatory” should be used only as a last resort. Making non-solar
more expensive by way of taxation would therefore probably be more feasible than an
obligation.
• Outside Amsterdam the network might not be able to sustain all capacity but in
Amsterdam city this is not an issue.
• Large solar PV projects are presently already being implemented (with SDE Subdidy)
• The ‘High ambition’ is unachievable, as this would mean an implementation 10 years
faster than aimed for by current policy and “mandatory” but the ‘Low ambition’ is not
ambitious enough so the high ambition is closer.
• Most realistic is to maintain the current implementation target (gas-free by 2040), make
switching as attractive as possible to frontrunners and gradually switch to a policy that
increasingly taxes the laggards.
• Monitor and mitigate public resistance and barriers against implementation ( (e.g. noise,
difficult appliances – heat pumps).
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5 Impacts of implementing citizens’ views
This chapter discusses the potential impacts of implementing the citizens’ views on future
policies on air quality (section 5.1), health (section 5.2), carbon emissions (section 5.3), costs
(section 5.4) and on citizen behaviour (section 5.5). It is based on ClairCity modelling to
which the disclaimer formulated in Textbox 5-1 applies.
Textbox 5-1 Disclaimer ClairCity modelling versus national modelling

“ClairCity modelling differs from local and national models in the Netherlands due to
different modelling assumptions and inputs. Although the utmost care has been taken to
calibrate the ClairCity models to local conditions, a detailed comparison of ClairCity
modelling assumptions to those of local and national models in each country was
considered to be outside the scope of this project. Therefore ClairCity modelling outcomes
cannot be one-to-one compared with the outcomes of national and local models; they
should be regarded as indicative and can deviate from measured and modeled
concentrations in the Netherlands.”
The modelled potential impacts are based on a ‘Unified Policy Scenario’ (UPS) that was
prepared by combining citizen preferences for future policy measures with policy maker
reflections and quantifying them where possible. Main assumptions made for preparing the
UPS are given in Annex C. The impacts of the UPS are compared with those of a ‘BusinessAs-Usual’ scenario (BAU) that is based on all city policy measures implemented in
Amsterdam in the base year 201540.

5.1 Impacts on air quality
ClairCity models NO2, PM10 and PM2.5 air pollutants. Measures implemented in the businessas-usual (BAU) scenario starting in 2015 would already substantially reduce NOx emissions
from 2025 onwards (Figure 5-1). The UPS scenario adds a further decrease in emissions
beyond the reductions already in the BAU. This is mainly due to decreasing transport
emissions due to tighter emission regulation and the stricter environmental zone. The
decrease of using natural gas in residential and commercial heating further adds to this
reduction.
Figure 5-1 also shows that for PM-emissions the emission reductions achieved by BAU and
UPS are limited, mostly due to the large share of industrial emissions on the outskirts of the
modelling domain (port area in the North-West).
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Policy changes and much stricter targets formulated in Amsterdam since 2015 could not be incorporated in the baseline. This
obviously affects the differences between BAU and UPS scenario.

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 689289

Figure 5-1: Trend of PM and NOx emissions in the UPS scenario (citizens measures),
compared to the BAU scenario (Amsterdam policies as of 2015) (source: ClairCity
modelling)

If the emissions from these sources are removed, and the focus is placed on sources within
the city-center, Figure 5-2 shows that a different trend emerges. In this case NOx emission
reductions would be higher in the BAU and UPS scenarios than in the scenario with industrial
emissions. Furthermore, emission reductions would be achieved that would result in only
10% of 2015 values remaining in the UPS scenario in 2050. The PM emissions in the city
centre would increase in the BAU scenario as a result of higher car, wood burning and
commercial emissions, but would strongly decrease as a result of the ban of wood burning
from residential and commercial sources included as a measure in the UPS.
It can also be observed in Figure 5-2 that PM emissions from car transport will rise even in
the UPS scenario. This is due to the non-exhaust emissions of transport, i.e. the brake and
tyre wear and tear. These emissions are not mitigated, as the current emission standards
only target exhaust emissions, which already have declined significantly.
Figure 5-2: Trend of PM and NOx emissions in the UPS scenario, compared to the BAU
scenario, city-centre emissions only (source: ClairCity modelling)

Based on these modelled emission changes in BAU and UPS, Figure 5-3 gives an overview
of the resulting modelled NO2, PM10 and PM2.5 concentrations in the BAU and UPS scenario
in 2050. More detailed modelling results can be found in Annex C. The overall analysis of the
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modelling results, comparing UPS and BAU modelling results with legal limit values and
WHO guideline values, shows that:
−

The BAU scenario still shows NO2 concentrations around the legal limit values at
some spots in 2050, whereas the UPS scenario reduces concentrations to values
well below those limits everywhere. In the BAU scenario, concentrations will not be
below 40 µg/m3 everywhere in the city in 2025 (modelled maximum NO2 concentrations
will be equal to 52.1 µg.m-3). Exceedences of the EU and WHO guideline value (40 µg.m3
) will occur in 14 cells of the domain. In the UPS scenario in 2025 the maximum NO2
concentration will be equal to 48.1 µg.m-3, showing five grid cells with exceedances of the
limit value in 2025. The UPS scenario will reduce the maximum NO2 concentrations by 6
and 15% respectively compared to the BAU in 2025 and 2050. The result would be in the
BAU scenario that at the ring road still values would be measures around current NO2
limit values in 2050 in the BAU scenario, whereas these concentrations would be well
below legal limits everywhere in Amsterdam in the UPS scenario.

−

For PM10, the BAU and UPS scenario comply with the legal limit values, but neither
BAU nor UPS result in compliance with WHO guidelines even in 2050. The UPS
scenario will reduce PM10 concentrations by 2 and 3% in 2025 and 2050 respectively as
compared to the BAU scenario. In 2025, the maximum value in the UPS scenario
corresponds to 24.3 µg.m -3 and in 2050 to 22.8 µg.m -3, well below legal limit values (40
µg.m -3). However, even in the UPS scenario, 41 cells are exceeding the WHO guideline
value (20 µg.m -3) in 2025. In 2050, 38 cells are still exceeding this guideline.

−

For PM2.5, BAU and UPS scenarios comply with legal limit values, but even in the
UPS scenario there will be still significant exceedances of WHO guideline values in
2050. When comparing the UPS scenario with the BAU scenario, the maximum
concentrations will be reduced by 3 and 3.4% respectively in 2025 and 2050. In 2025, the
maximum modelled PM2.5 value in the UPS scenario corresponds to 16.2 µg.m -3 and in
2050 to 15.5 µg.m -3. Based on the WHO guideline values (10 µg.m -3), 158 grid cells will
still show exceedances in the UPS scenario in 2025. By 2050 this number is reduced to
46 cells.
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Figure 5-3 NO2, PM10 and PM2.5 concentrations in the BAU and UPS scenario in 2050

UPS

PM2.5

PM10

NO2

BAU

5.2 Impacts on health
The UPS scenario significantly improves human health compared to the current
situation and to the BAU scenario (see Annex C for the methodology on the health impact
assessment and results). Table 5-1 shows the comparison between the UPS scenario
against the BAU scenario, assessing the relative health impact benefits of the emission
levels proposed by the scenarios.
The health benefit from implementing the citizen measures in the UPS is considerable. In
2015, the number of premature deaths as a result of PM2.5, PM10 and NO2 is 568, 557, and
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697respectively41. In 2050, the BAU scenario reduces these numbers by 8%, 10% and 46%
respectively, but the UPS scenario results in larger reductions for all pollutants: 23% for
PM2.5, 17% for PM10, and 84% for NO2. The UPS scenario is therefore effective in reducing
long-term health effects of NO2 as well as PM concentrations.
The health benefit from the emissions reduction is in line with the concentration levels
reduction predicted for Amsterdam. However, the reduction on the number premature deaths
and the numbers of years of life lost is much higher than average concentration levels
reduction. This is explained by the emission reduction measures targeting the more densily
populated areas, thus benefiting the population health.
Table 5-1 Benchmarking the UPS, low and high emission scenarios in 2025, 2035, and
2050 against the baseline scenario in terms of health indicators (%) related to PM 2.5, PM10
and NO2 exposure.

PM2.5
scenario

PM10

NO2

2025

2035

2050

2025

2035

2050

2025

2035

2050

BAU

-4

-7

-8

-6

-8

-10

-42

-51

-46

UPS

-18

-22

-23

-12

-15

-17

-63

-79

-84

5.3 Impacts on carbon emissions
Figure 5-4 shows the impacts of UPS measures compared to the BAU scenario in terms of
Carbon Footprint. The figure clearly shows that the UPS measures have an important impact
in particular from 2035 onwards and make the city of Amsterdam – contrary to the BAU achieve near carbon neutrality by 2050.
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The quantification of health impacts is done individually, although all the pollutants considered in this study co-exist in ambient
air. The rationale is that individual implications on human health of a single pollutant in ambient air are not easily quantifiable.
Therefore, there is a stronger possibility of overestimating the impact on human health when considering all the pollutants
together than underestimating the effect related to a single pollutant. The WHO expects that the overestimating can be up to
30% when assessing these pollutants combined, recommending only concentration-response function for individual air
contaminants.
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Figure 5-4 Carbon emissions of UPS scenario in Amsterdam compared to BAU (tonnes of
CO2-eq on life cycle)
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The largest differences between UPS and BAU are found in the residential (built
environment) sector, where the UPS measures, contrary to BAU, lead to almost zero
emissions in 2050 as a result of e.g. the energy efficiency renovation of houses, the
increased solar energy use and the substitution of natural gas. It is clear that in order to
achieve these emission reductions, a large citizen involvement for renovations of houses and
installation of solar panels is required.

5.4 Impacts on costs
Table 5-2 gives a qualitative estimate of the cost of the measures in the UPS scenario versus
the BAU. More detail on the method applied can also be found in Annex C. We distinguish
between estimated monetary costs to citizens, costs for government/city council (no
distinction is made between different levels of government) and a net total cost to society,
summing up both. On top of that, for an exact calculation of benefits also the indirect benefits
of health improvement of citizens (saved public health costs) have to be taken into account.
This was beyond the scope of the ClairCity modelling.
In total, net monetary cost effects of the 11 UPS measures vary substantially and will
sometimes result in additional costs and other times in net benefits for citizens and for
government. Exact costs will also depend on how measures are designed in detail. Further
detail of the assumptions made is given in annex C. The annex also gives an order-ofmagnitude cost estimate of car user costs, car charging revenues and bus subsidies in the
UPS compared to the BAU scenario.
However, the overall balance of direct costs of all measures in the citizens’ UPS scenario
together suggests that a cost effective execution of the UPS for citizens and city council /
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government is very well possible, as measures with a net direct cost to society can be
balanced by measures with net revenues. This balance would be even more positive if also
the indirect health benefits of improved health of citizens would be added.
Table 5-2 Estimated cost impacts of citizen measures that are part of the UPS scenario in
Amsterdam

#
1
2
3
4
5
6
7
8

Policy measure

Cleaner buses
Better public transport
More bike paths and bike parkings
Cheaper public transport
Environmental zone for polluting cars
Less parking for cars
Reducing car traffic in the centre
Accelerate energy efficient renovations
Ban wood stoves and fireplaces in houses and bars &
9 restaurants (terraces)
Accelerate the uptake of solar panels in the built
10 environment
11 Amsterdam (natural) gas-free

Citizens Government Society
0
+
n/a
n/a
n/a
n/a
n/a
n/a
0
+
0
0
0
0
+
+
+
0

0

0

++
+

-

+
?

(+) assumed net positive direct effect/ benefits for target group; (-) assumed net negative direct effect / costs for
target group; n/a effect of measure cannot be assessed

The assumed cost effects per measure are explained in more detail in textbox 5-2.
Textbox 5-2 Main assumptions for qualitative cost estimates of UPS scenario measures
1. Cleaner buses require extra investment at a cost to the government (-) without a cost effect on
citizens (0), leading to an overal net negative cost effect on society (-).
2. Better public transport is operationalised in the UPS scenario as an increased coverage and
frequency, thus requiring a higher subsidy for buses to be provided by government (-). This
measure leads to a cost decrease for citizens as public transport becomes an attractive
alternative at times and locations currently not the case (+). Yet, this is at a greater expense for
the government as an incremental shift to public transport will also require a larger public
support by government. Further, it conincides with a drop of government income from other
alternatives (i.e. cars). The overall societal cost effect is therefore considered to be negative (-).
3. The cost impact of adding bicyle parking, bike lanes and fast bike routes is difficult to assess.
When assuming a reallocation of the (fixed) investment fund in infrastructure (i.e. from road for
cars to infrastructure for walking and cycling), there is no extra cost. When assuming an
aggressive investment strategy in new walking/cycling infrastructure, this measure would come
at an (extra) cost to the government. As a consequence, we did not consider this measure to
have a direct measurable cost effect.
4. The UPS measure is the same as the BAU measure, since citizens together with policy makers
finally considered reducing costs of public transport not feasible.
5. Banning polluting cars leads to early scrappage of the existing car fleet, and hence to a loss of
capital for private owners (-). The measure is assumed to be cost neutral for government (0),
leading to an overal net negative cost effect on society (-).
6. Reducing the amount of parking space and increasing the rate of parking fees will create and
extra cost for the citizen and revenue for the government, net cost neutral to society.
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7. Reducing the traffic in the city is considered a mandatory regulation, not directly influencing the
cost to citizens or government.
8. Accelerating energy efficiency renovation is expected have a positive impact for all parties
involved (citizens and government), as investment cost is offset by energy expenditure savings.
9. Banning wood combustion is considered to have no cost effect whatsoever. Alternative heating
fuels have comparable costs.
10. Though requiring an upfront investment, on the long term solar panel energy generation is
leading to cost benefits for citizens (+), as the initial investment cost will be offset by lower fuel
cost, leading to a net benefit for citizens. The policy as implemented here includes a subsidy
from the government to the citizen, adding to the benefit of the citizens. It thus generates a
strong benefit for citizens (++), a cost for the government (-) and a net benefit for society (+)
11. Financial incentives from government to citizens to convert to gas-free households lead to a
negative cost for the government associated with the subsidy (-) and a benefit for the household
(+), assuming the switch with the subsidy leads to lower net fuel costs for the household. It is
not clear if this leads to a societal benefit or cost, as this will depend on the cost of the
alternative vs. using gas. It is expected at at last in the short term substantial subsidies are
needed to stimulate household to switch, thus implying a societal net cost, yet this may change
over time as alternative technologies are becoming cheaper.

5.5 Impacts on citizen behaviours
Figures 5-5 shows the changes in NOx and PM emissions in the BAU and UPS scenarios
due to changes in trip mode (including commercial freight). The figures show that freight NOx
and PM emissions are are already reduced substantially by the BAU in 2025, and even more
by UPS and in further years. The same holds for car emissions. Bus/tram emissions do only
contribute only for a small part to total emissions in the base year. In later years, their
emissions become even lower due to in particular the electrification of buses.
Figure 5-6 shows that the reductions are in particular related to a sharp decrease in the
number of work related trips and also, but less to a decrease in recreational and shopping
trips.
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Figure 5-5 Changes in NOx emissions due to trip mode changes of Amsterdam citizens in
BAU and UPS (% of total transport emissions from citizens)

Figure 5-6 Changes in NOx emissions due to trip motive changes of Amsterdam citizens in
BAU and UPS (% of total transport emissions from citizens)

The emission changes can also be differentiated based on gender, income and age (Figures
5-7, 5-8 and 5-9 respectively). These figures show that men reduce their number of work
related trips by car far more than women, but they also start from a higher number of work
related trips by car (see section 4.1.1). The reduction in trips by bus/tram is similar between
men and women. It is also the middle income group (21 – 36,000 euro/year) that reduces
their emissions most, with reductions in work related trips being most prominent but also with
a significant reduction of recreational and other trips. It is also the group of younger adults
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(15-44 years)42 that will mostly reduce their emissions, followed by the older working
population (45-64 years).
Figure 5-7 Changes in NOx emissions due to changes in trip motives by gender between
2015 and 2025 (UPS)

Figure 5-8 Changes in NOx emissions due to changes in trip motives by income between
2015 and 2025 (UPS)

42

Including also teens from 15-18 that will be car passengers
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Figure 5-9 Changes in NOx emissions due to changes in trip motives by age between 2015
and 2025 (UPS)
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6 Amsterdam and other ClairCity cities – mutual
learning
In this chapter, main institutional conditions and barriers for implementing citizen policy
preferences are discussed (section 6.1). Possible lessons from other ClairCity cities for
Amsterdam are outlined in section 6.2 and lessons from Amsterdam for other ClairCity cities
in section 6.3

6.1 Institutional conditions and barriers for citizen-inclusive
policies in Amsterdam
Political framing
The current city council in Amsterdam
pursues a very pro-active environmental
policy making that goes way beyond the
national and EU legislative obligations.
While the previous council was more
focused on citizens’ and businesses’ own
independent action within a liberal policy
framework, the current council also has an
eye on a just transition that includes socially
less priviledged groups. In line with its high policy ambitions, also measures are implemented
that are not popular amongst all Amsterdam citizens, such as higher parking tariffs and an
environmental zone also for private (more polluting diesel) cars.
Finance
Amsterdam policy ambitions seem to be less limited by a shortage in financial means than
other ClairCity cities, although a detailed financial budget comparison between the cities has
not been made. The need for European support to implement measures is not mentioned in
the main Amsterdam policy documents.
Citizen-engagement culture
By taking the city to court, NGOs directed at air pollution in recent times have taken a
confrontational attitude towards local city policies. The aim was to make the city meet its
legal obligations regarding limit values also in the ‘hotspot’ streets. However, the court case
was lost by the NGOs. Amsterdam suports citizen initiatives for instance in the field of
energy, but does not seek to actively expand citizen engagement beyond the many initiatives
in this field that have already appeared.
Links with other stakeholders and governance levels
In the past, provincial spatial planning hindered the construction of new wind turbines in the
Amsterdam city area. With a new provincial government, this ban now has been lifted.
Amsterdam cooperates closely with its surrounding communities to prepare a regional
energy strategy that will make the region as energy-autonomous as possible.
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6.2 Lessons from other ClairCity cities for Amsterdam
Compared to other ClairCity cities, Amsterdam has relatively elaborated and ambitious air
quality and carbon policies. However, while there is a regular interaction with citizens, more
action in this field could help to successfully implement the ambitious policy measures still
ahead. In that respect, there are several lessons that Amsterdam could learn from the other
ClairCity cities, as noted below.
In Ljubljana, Amsterdam could learn lessons from what a full pedestrianisation of the city
centre means. One of the lessons is that the fear of decreasing economic activity for
businesses in the city did not become true. Rather, tourism in Ljubljana increased to levels
that might be comparable to those of
Amsterdam. Electric taxis in the pedestrian
zone together with a free bike system
assured access to the city centre and its
surroundings also for residents with
disabilities and for those having to travel
larger distances. Further, Amsterdam could
learn lessons from Ljubljana through its very
active citizen engagement in various EU
and otherwise funded projects, which
contributed to gaining support for
sustainable change in Ljubljana.
In Sosnowiec, the air pollution indication system that was integrated in the electronic
information panels of public transport could also be an asset for Amsterdam when trying to
increase citizen awareness of air pollution in the city.
In Genoa, the scooter ban protests might give Amsterdam valuable insights into what could
happen to city policies when not sufficiently taking citizen opinions and culture into account.
In Bristol, the development of the integrated Metrobus system that connects regional and city
transport might provide new ideas for promoting public transport based commuting into
Amsterdam.
In Aveiro, finally, the small-scale bike workshops integrated in secondary school education
might inspire Amsterdam to further promote the integration of sustainability into primary and
secondary school education.

6.3 Lessons from Amsterdam for other ClairCity cities
The experiences in Amsterdam with the implementation of air quality and carbon policies
might be useful for other cities as well. Lessons from Amsterdam could include:
Clean Air Zones
The implementation of clean air zones in city centres is a process that has already taken
place in many European cities. Within the ClairCity context, Amsterdam and Bristol have
taken steps towards such a zone. Ljubljana has gone one step further, by pedestrianising the
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city centre. Genoa tried to implement a clean air zone for mopeds, but initially had to take
back its announced plans due to public resistance.
A lesson from the Amsterdam way of implementing the clean air zone is that it has been
introduced in a stepwise process for different categories of vehicles. Until end 2019, only
environmental obligations for mopeds, buses, taxis and freight transport existed. In
November 2019, a clean air zone for older diesel vehicles was introduced. The limit values
for all zones now will be gradually made stricter. In this way, citizens can slowly get used to
the zone, which is hoped to contribute to public acceptance.
Active transport
Amsterdam and the Netherlands are internationally known for their cycling culture, facilitated
by a completely flat country and city. As the number of cyclists in Amsterdam is much higher
than in the other ClairCity cities, its way of implementing cycling infrastructure, including
cycle lanes, paths and parkings could be an example to the other ClairCity cities. Also, the
way of integrating public transport and
bike rent at train stations in one ticket
could be of use to other cities.
Furthermore, cities that are more
advanced in implementing bike
infrastructures could learn from the new
problems that have to be tackled when
cycling becomes a major activity in the
city, like congestion on bike paths,
massive uncontrolled bike parking littering
streets and a large number of cyclists that
do not respect traffic lights nor general
traffic rules.
Cleaner and better public transport
Amsterdam has a very extensive public transport system which facilitates door-to-door
transport. Its buses will be electrified in the near future and existing metro lines are to be
expanded. Lessons for other cities could for instance be learned in the way that the
expansion of public and active transport infrastructure was combined with gradually reducing
road space for private cars and increasing car parking tariffs in the city centre.
Energy
Amsterdam and the Netherlands have embarked on a worldwide unique process of making
the built environment of a country and city that were up to now almost completely dependent
on natural gas gas-free. Energy policies therefore are an area where other cities in particular
could learn from Amsterdam. For instance, by the way in which citizen renewable energy
cooperations are developing and supported, the rapid expansion of solar PV and the
engagement of housing corporations in increasing the energy efficiency of their housing
stock.
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7 Citizen-inclusive air quality and carbon policies in
Amsterdam: Conclusions and recommendations
The ClairCity project has set up an innovative citizen engagement process and verified
implementation possibilities of policy desires of citizens with that of stakeholders and policy
makers. The project has also modelled the likely consequences of the consolidated citizen
scenario for air quality and carbon emissions.
In this chapter we draw the main conclusions and propose recommendations to Amsterdam
policy makers. These have to be understood within two main limitations of the ClairCity
project:
−

−

Although ClairCity managed to engage a large (1.100) and varied number of citizens in
Amsterdam (in terms of age, income, origin, gender, neighbourhood), the sample is not
fully representative of the Amterdam population as a whole.
ClairCity modelling assumptions do not fully correspond with those of local modelling.
The quantitative outcomes of modelling the citizen policy measures in terms of emissions,
concentrations and health cannot be directly compared with those of local models.

Despite these limitations, however, the ClairCity project gives an overall indication of how
Amsterdam citizen behavioural practices and anticipated future behaviours might affect
policy making. The project also gives a view on what citizens in Amsterdam think of future
policies and what might be the consequences of implementing these views, callibrated by
policy maker comments, into actual policies.

7.1 Conclusions
Three main conclusions stand out from the ClairCity analysis in Amsterdam:
1. Meeting the very high policy and citizen ambitions in Amsterdam is facing
technical barriers.
Overall, in the ClairCity project Amsterdam compared to the other pilot cities has very
ambitious local policies that go way beyond the legal obligations on a national and EU
level. Citizens partly demand even more ambitious measures, but policy maker
comments also point to the technical limitations of even faster implementation rates.
2. Under Amsterdam citizens there exists considerable scope for changing own
behaviours.
Current behavioural practices of Amsterdam citizens already appear relatively
sustainable compared to other ClairCity cities. Based on the statements of preferred
future behaviours, there seems to exist considerable scope under Amsterdam citizens
for behavioural change towards even more sustainable behaviours.
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3. However, willingness to change own behaviours does not yet seem to meet
the requirements of intended policy change.
Comparing stated intentions for behavioural change with policy ambitions, the pace of
own behavioural change in transport and energy does not seem to keep up with the
ambitions of local policies. More attention to communicating the consequences of
local policies for citizens’ own behaviours and discussing possibilities and limitations
for such changes therefore is be required.
In the following sections, more detailed conclusions from the ClairCity analysis are drawn.

7.1.1 Current city policies in Amsterdam
•

Amsterdam has very ambitious local policy goals for air quality and carbon
policies that go much further than legislative requirements. Further implementation
of these measures is a main challenge.

Apart from hotspots in several streets that still have to be dealt with effectively, Amsterdam
complies with EU air quality regulations. However, Amsterdam is still far from reaching the
much stricter voluntary WHO guideline targets that it wants to achieve. Concentrations of
main pollutants NOx, PM10, PM2.5 and black carbon are declining in recent years, indicating
success of policy measures so far, but the trend lines are flattening – suggesting that a
successful implementation of further measures is needed to reach the goals set.

7.1.2 Current behaviour of citizens in Amsterdam
•

Current transport and heating behaviour of Amsterdam citizens is still far from in
line with local policy goals, as private car use and gas heating are still the most
important transport and heating practices.
Private car use was responsible for more
than half of the citizen-related road transport
NOx emissions in 2015, and for more than
three-qua rter of the PM10 emissions. 82%
of the ClairCity respondents indicated that
they still have central gas heating as a main
heating source for their home. With limiting
private car access to the inner city and
making the built environment natural-gas
free as important local policy goals,
changing current citizen behaviour is still a
main challenge.
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•

Breakdown of citizen transport behaviour shows that work related trips, men,
middle-income groups and younger adults cause proportionally more pollution
than other groups.

In the ClairCity sample of respondents, work related trips caused 24% of the NOx emissions
and 30% of the PM10 emissions, much more than the second most important singular trip
purpose, recreation (causing 12 and 16% of emissions respectively).
•

Men cause more transport related emissions than women.

In the ClairCity sample, men cause 37% of the NOx emissions, against 29% for women (47 /
35% of PM emissions). The remainder are freight emissions that were left out of the
demographic analysis.
•

Middle-income groups cause more pollution than low and high income groups.

A middle-income group of citizens (21 – 36,000 euro/year) in Amsterdam causes 26% of the
road transport NOx emissions and 33% of the PM emissions in Amsterdam, compared to
23/27% for the low-income group and 16/22% for the high-income group.
•

Younger adults cause more pollution than older adults, retired persons and
children.

The group of 15-44 year old teenagers and younger adults is responsible for 34% of NOx
emissions and 41% of PM emissions. Older adults (45-64) are the second most important
group responsible for emissions (20/27%), while children (<15) and retired persons (>65)
only contribute to a limited extent to road transport emissions (5/6% and 6/8% respectively).

7.1.3 Behavioural preferences of Amsterdam citizens for the future
•

Citizens indicate to want to change their behaviour towards less private car use for
transport and less natural gas use for home heating. However, the willingness to
change is less high than would be necessary for meeting the ambitious policy
targets set.

In the ClairCity citizen sample, 17% of the respondents indicated still to prefer using their car
as only means of transport for commuting in the future, compared to 29% currently. The
percentage of shopping and leisure trips by car only would decline to 14 and 23% in the
future, compared to 23 and 45% currently. 36% of the respondents still anticipate to use gas
heating in the future (82% currently), and only 12% foresees to be connected to the district
heating network (13% currently). Considering policy aims of a fully emission free city centre
and a complete ban of natural gas, further behavioural change of citizens would be required.
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7.1.4 Policy preferences of Amsterdam citizens for the future
•

Citizens support ambitious policy measures, but policy makers sometimes point to
technical limitations of even faster change.
When not asked explicitly for own behavioural change, citizens often support even more
ambitious policies than current plans. Policy makers overall express support for these
citizen measures, but also sometimes add reflections regarding their implementation
possibilities. These reflections include for
instance foreseen limitations to the
speed of increasing the number of
charging stations for buses,
incompatibility of reducing public
transport tariffs with expanding and
greening public transport, and doubts on
increasing the speed of energy efficiency
improvements by housing corporations
even more.
•

A ban on wood stoves and improved public transport are the two most preferred
measures by Amsterdam citizens and policy makers involved in ClairCity.

A ban on wood stoves and improving public transport are the most preferred measures of
citizens and policy makers alike. Further preferred transport policy measures of Amsterdam
citizens include measures directed at reducing private car use, improving public transport
and increasing active transport (biking, walking). Regarding energy, citizens want housing
corporations to substantially improve energy efficiency of their housing, subsidised solar PV,
a ban on wood stoves and more possibilities for district heating.

7.1.5 Impacts of the citizen policy preferences
•

The UPS scenario leads to lower emissions and concentrations of air pollutants
and greenhouse gases than the BAU scenario. The corresponding improvement of
public health is proportionally even larger.

NOx emissions in the city centre will decrease to 48 and 12% of 2015 values in the BAU and
UPS scenario respectively. PM10 emissions in 2050 in the BAU scenario might increase to
115% of the 2015 values due to increased transport, and will decrease to 75% of 2015
values in the UPS scenario. The corresponding health improvements are -52% of premature
deaths in 2050 due to NOx, and -3% due to PM in the BAU scenario, and -93/-60% in the
UPS scenario. The health improvement is relatively higher than the emission reduction
because the emission reductions occur particularly in densily populated areas.
•

PM emissions for the longer term are likely to be more problematic than NOx
emissions, as neither BAU nor UPS will result in compliance with WHO guideline
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values even in 2050. Non-exhaust PM emissions will increasingly be an issue for
the future.
The figures show that the measures in BAU as well as in UPS scenario are likely to be more
effective in reducing NOx emissions than in reducing PM emissions. Since no measures are
directed at reducing non-exhaust PM emissions of car tyres and brakes, the relative
importance of these emissions to pollutant concentrations and health effects in the future is
likely to increase.
•

Many measures in the UPS scenario come with a net direct cost to society, but
indirect cost benefits by public health improvements would reduce overall societal
costs. Some measures after initial investments are likely to have net benefits to
society on the long term.

Many measures considered by Amsterdam citizens are likely to have a net cost to citizens or
to authorities, with a resulting net direct cost to society. However, if indirect health benefits of
the measures would also be included in the cost pictures, the net societal costs would be
smaller and measures might even result in net benefits. The measures concerning solar PV
panels and increased energy efficiency by housing corporation investments in the long term
already might have net benefits to society even without taking indirect costs into account.
•

The UPS scenario reduces in particular the number of work related trips. Men, the
middle income group and younger adults reduce their number of trips most, in line
with the higher emissions than other groups which they have right now.

The behavioural changes caused by the UPS scenario are in line with what would be
expected with current emissions. Work related trips and the demographic groups that right
now already have the highest emissions will reduce their emissions most.

7.1.6 Institutional conditions and barriers for implementation of citizen policies
•

Current institutional conditions for change in Amsterdam seem relatively positive,
but main issues can be foreseen when further scaling up energy transition in the
city.

Funding for air quality and carbon policies seems
less problematic in Amsterdam than in other
ClairCity cities, and the dependence of EU
funding is small. Still, in particular the expansion
of public transport and electrical recharing
infrastructure in the city might require substantial
additional funding in the future. Also, past spatial
planning issues with the province regarding wind
turbine siting now seem to be solved.
Nevertheless, the renewable energy infrastructure required for fully switching from natural
gas to other sources will require so much space in an already densily populated city and
region that spatial planning for the future is very likely to become a main issue.
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7.2 Policy recommendations
Based on the conclusions of the Amsterdam ClairCity analysis several recommendations for
more citizen-inclusive policy making can be given:

7.2.1 Tailoring policies to current behaviours and to preferred future behaviours of
citizens
•

Engage even more actively with citizens to bring willingness of citizens to change
their current transport and heating behaviours in line with policy requirements.

Many Amsterdam citizens partake in active transport (cycling) and there is considerable
willingness to change in terms of getting out of the car and switching to non-gas heating, yet
a substantial part of the ClairCity respondents envisage continuing with driving by car into the
city centre and heating their homes with gas. Further engagement with citizens is therefore
required to increase willingness for change.
•

Engage in particular with commuters as a main group contributing to air pollution
in the city.

In Amsterdam, the main polluters in terms of transport behaviour seem to be younger male
adults with middle incomes that drive into the city for commuting to work. Hence,
communications and interactions should be directed in particular to this group. This group
could be addressed in dialogue with main Amsterdam employers.
•

Increase the awareness and attractiveness of district heating in the city as a main
means to reduce dependency on natural gas in the built environment.

As for gas heating, few respondents indicate a willingness to change to the existing district
heating system in the city, which will be expanded substantially in the future. Hence, citizen
engagement should address in particular citizen views on this system.
•

Focus on measures addressing Particulate Matter (PM).

Whereas NOx emissions are substantially reduced by the envisaged policy and citizen
measures, PM emissions are decreasing substantially less. Hence, additional policy actions
should be directed at this source. For example, through specific attention to wood and
biomass burning. Actions regarding wood stoves are being considered in the city, but
communications on the negative environmental aspects of wood burning could still be
expanded.
•

Stimulate the visibility of live air quality data in the city.

General awareness of air quality of Amsterdam citizens could also be increased by
publishing live air quality data, in particular also at hotspots in the city. Combining this with
public transport information panels, as has been done in Sosnowiec, could be an interesting
option to do so.
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7.2.2 Addressing institutional barriers and mutual learning
•

Increase the exchange with other cities focusing on mutual learning and training.

Amsterdam is already involved in several international and national city networks. However,
the experiences in Amsterdam with transport and heating measures affecting citizens can be
useful to many other cities, while Amsterdam in turn could also learn from other cities. A
review and expansion of training and network possibilities would therefore be very useful in
the process towards a further transition in the city.
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Annex A. The ClairCity process in detail
This annex explains in more detail the ClairCity process and the positioning of this
‘Amsterdam policy package report’.
The ClairCity project consists of three phases and seven work packages (Figure A-1):
Phase 1: Establish the Baseline Evidence
The primary aim of Phase 1 is to understand and quantify the baseline status of air quality,
carbon emissions and related public health in our cities. Phase 1 is achieved with the
following main activities:
1. Benchmarking behaviour: Understanding the local demographic data and
establishing the citizen practice-activity data to feed into the air quality models.
2. Quantify the baseline: Quantification of the baseline air quality emissions and
concentrations, carbon emissions and public health impacts in a city.
3. Assessment of Policy: Collation and analysis of current policies (local, regional,
national and EU) that influence the city.
Phase 2: Citizen and Stakeholder Engagement & Co-creation of Scenarios
Phase 2 has three key aims: (1) understand citizens’ current behaviours, practices and
activities, (2) enable citizens and stakeholder to co-create and visualise their low carbon,
clean air, future city and (3) raise awareness of the environmental challenges and their
solutions. Phase 2 utilised evidence from Phase 1 to help frame and inform the engagement
activities. Phase 2 is achieved with the following main activities:
Citizen and stakeholder engagement & co-creation
1. The ClairCity Delphi method uses citizens as local experts to generated qualitative
evidence of their entrenched behaviours and what enabling interventions would allow
them to act and behave differently in future (WP4).
2. The Mutual Learning Workshop brings citizens and stakeholders together to debate
the challenges facing the city and co-create policy interventions for cleaner, healthier
futures (WP4).
3. The ClairCity Skylines Game ‘crowd-sources’ the public perceptions and public
acceptability of difference policy interventions (WP4)
4. Citizens and stakeholders come together in a Stakeholder Dialogue Workshop to
review and debate the Delphi, Mutual Learning Workshop and ClairCity Skylines
evidence and co-create scenarios for a low carbon, clean air, health futures (WP4
and WP7).
5. The scenarios generated in the Stakeholder Dialogue Workshop go through a rapid
quantification step (WP5) and are then returned to the local citizens/stakeholders to
discuss in a Policy Workshop (WP6) and to agree a single Unified Policy Scenario
(WP7).
Public Engagement & Awareness: Additional awareness raising activities are also
implemented across the project in each city (WP4). These include:
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6. The GreenAnt App which allows citizens to become a citizen scientist and monitoring
their transport activities, emission generation and exposure using mobile GPS data.
7. The School Competition: My City, My School, My Home engages young people in the
air quality, carbon and public health debate utilising an online platform for the
students to select the interventions that influence their housing, transport and use of
resources in order to be able to design tools for change towards smart consumption,
reduced emissions and healthy lifestyles.
8. Learning from the elderly filming activity engages the older, potentially vulnerable,
community to talk about the changes in their city, their personal mobility and the steps
they take to minimise their exposure to air pollution.
9. The City Day: Discovering my City helps disseminate the final project results and
provide healthy and smart tips to promote non-motorised mobility of citizens by
highlighting availability and benefits of walking and cycling routes in the city.
Phase 3: Quantified Policy Package & Knowledge Exchange
The primary aim of the final Phase 3 is to collate the evidence and lessons learned from
Phase1 and Phase 2 to generate a quantified, bespoke, citizen-led and citizen-inclusive
policy package for each city. Phase 3 is achieved with the following main activities:
1. Knowledge Exchange: Collation of transferrable lessons and steps for better
practice based on the experiences of the ClairCity project to inform other
environmental and public health practitioners (WP3, WP4, WP5, WP7).
2. Impact Assessment: Rapid quantification of the scenarios generated in the
Stakeholder Dialogue Workshop (WP4) and detailed impact assessment of the final
Unified Policy Scenario generated in the Policy Workshop (WP6). This quantification
includes an assessment of the source apportionment by behaviour or purpose; air
quality emissions and concentrations, carbon emissions, air pollution related health
impact and interventions cost analysis (WP5).
3. Policy Package: Development of a bespoke Policy Package for each city drawing
together the findings from across the whole project (WP7).
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Figure A-1 The ClairCity project and position of the Policy Package report in detail
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Annex B. The ClairCity citizen engagement and
awareness process
The citizen engagement process developed by ClairCity consisted of policy focused activities
and of awareness raising directed activities. In annex B-1 the former are discussed in some
more detail, in annex B-2 the latter. For an even more comprehensive overview and analysis
in addition the more detailed ClairCity reports on each activity can be consulted.

B.1 Policy related engagement activities
Three main engagement activities directly informed the policy workshop and the policy
recommendations: the Mutual Learning Workshop, the Delphi process and the Skylines
game.

Mutual Learning Workshop (MLW)
The MLW in Amsterdam was attended by 13 participants. The participants represented
various departments of the Municipality of Amsterdam (health, energy, transport), the
Netherlands National Institute for Public Health and the Environment (several citizen science
experiments are being run by them), a biking association, an institute for art, science and
technology working on smart citizen science experiments among others in Amsterdam, an
organisation in support of the automobile manufacturing sector and an energy cooperation in
Amsterdam.
Overall views of the participants were:
-

They share the vision that improvements are needed regarding more public transport,
more room for biking and stimulation of electrical private transport;
Some believe that the city can become completely car-free within the city-ring;
Many believe that individual transport will remain important, even with improved public
transport;
The city council in the discussion rather promoted central systems (district heating),
whereas others believed in the possibilities of all-individual zero-energy houses;
Also, the city council preferred in the discussion concrete measures over awareness
raising;
Participants do not believe that current government action will be sufficient to achieve
targets;
Overall the vision for the city is that of a very green, clean, pleasant city with very
good network of public transport and only electric private transport.

As main barriers to future air quality and carbon policies, the participants identified the
following:
-

Large infrastructure (district heating) versus individual choice (individual zero energy
housing): no solution provided
Expertise from professionals in the built environment needed: skills of the
construction sector
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-

No level playing field between sustainable and fossil technologies: taxing, financial
incentives
Mismatch between those who invest and those who profit: no solution provided
Mismatch between interests on different governance levels (city want turbines,
province doesn’t allow): no solution provided

Delphi process
The Delphi process in Amsterdam consisted of two survey rounds followed by a Stakeholder
Dialogue Workshop.
In total, 638 people responded to our survey in Amsterdam, out of a city population of
834,71343. The Amsterdam respondents were 55% male, which is slightly higher than the city
gender ratio. Our respondents were disproportionately older compared to the city population,
with 89% of respondents aged 37 or older in our Round 1 sample, compared to only 52% of
the city population. Our sample was more educated (i.e. had higher level of qualifications)
than average, with limited representation of those who had a low level of education
compared to the categories used to collect city-wide data. In our sample, 67% of the
respondents had a “high” level of education with only 5% having “no/low” level of eduation,
compared to the city population where 47% have a “high” level, and 22% have a low level of
education. In The Netherlands, categories are more relevant regarding the national identity
rather than ethnicity of respondents. The “non-Dutch” population of Amsterdam is around
14% according to city statistics. In Round 1, 13% of our sample were non-Dutch nationals
with 5% of the total coming from Western countries (Europe, North America, Japan etc) and
8% coming from other non-Western countries.
In Round 2, we had a predominantly male sample in Amsterdam with 57% of respondents
identifying as male. As with Round 1, the respondents were disproportionately older with
76% of them over the age of 54, compared to only 23% of the city in this category. 73% of
respondents had a high level of education, compared with 47% of the city as a whole. 91% of
the respondents were Dutch nationals, compared to 86% of the Amsterdam population.
19 people living in Amsterdam joined the Stakeholder Dialogue Workshop – 11 women and 8
men. The age group was probably above the Amsterdam average although there were a few
young people (a woman in the age range 16-24, three women in the age range 25-36 and a
man in the age range 25-36). The group was rather homogeneous: all white and Dutch and
concerned about air quality / environmental issues.

Skylines Game
ClairCity Skylines is a ‘serious game’, designed to capture citizen decision making about
issues in their city, where players travel between areas representing a city’s environment,
economy and its citizen’s health & satisfaction, collecting ideas for policies to enact to
achieve a low carbon, clean air, healthy future before 2050 (Figures B-2 and B-3).
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UrbiStat. Municipality of Amsterdam Statistics 2016, Avalable from
https://ugeo.urbistat.com/AdminStat/en/nl/demografia/eta/amsterdam/23055764/4 Accessed on 3 October 2018.
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Figure B-2: Google Play Store listing

Figure B-3: Six playable cities completed

Bristol was the first of the six partner cities to to be included in the game, and launched in
April 2018. An updated, localised version of ClairCity Skylines was launched in Amsterdam
following a significant database upgrade in November 2018 based on the findings of the
Bristol pilot. The upgrade allowed the final 4 cities/regions to launch simultaneously in
Ljubljana, Sosnowiec, Aveiro and Liguria in January 2019, with primary data capture closing
at the end of March 2019. The game includes English, Dutch, Slovenian, Polish, Italian and
Portuguese localisations for game text, UI and the policy database.

B.2 Awareness related engagement activities
Four activities in the ClairCity engagement process were mainly awareness related: the
secondary school activities, the film competition for the elderly, the city day and the
GreenAnts app. The GreenAnts app still has to be launched, but the other activities also
indirectly informed the process towards the policy recommendations.

Film and schools competition
Reason for the focus on young people and the elderly is that ClairCity builds on the WHO
Policy Framework and the European Commission’s Clean Air Policy Package that promote
public health by paying special attention to more vulnerable groups, such as children and
senior citizens. The aim is to empower these citizens to better understand the specific
challenges and opportunities that their city currently offers and to engage them into moving
towards reduced air pollutant emissions and carbon footprints. The project has therefore
collected their perceptions and ideas on sustainable lifestyles and a ‘better quality of life’
within their city in the future.
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Young people
ClairCity has run an activity targeting schoolchildren. The goal of the activity was to engage
pupils in learning about air quality and carbon related issues. In Amsterdam, the school
competition involved young people in secondary schools, aged 13-16.
For the Claircity school activity in the Netherlands, ClairCity visited two secondary schools in
Leiden, a small city near Amsterdam. Like Amsterdam, Leiden is part of the Randstad Urban
area. We did our school activity at two schools in Leiden, namely the Visser ‘t Hooft Lyceum
and the Stedelijk Gymnasium. The school activity was done in four 4th grade pre-university44
classes with a total of 92 students. Additionally, the school activity will still be held in four
classes (5th grade) in a school in Almere on 13 December 2019, which is also in the
Amsterdam Metropolitan area.
In order to make it attractive to the schools to participate in the school activity, we tailored the
setup of the activity to the interests of the participating teachers and tried to connect it to
topical themes in the curriculum. We found we could only get school’s participating by using
our personal networks. The curricula of the schools are already fully planned (including often
themes like climate and pollution) and only based on personal contacts we could get the
ClairCity activity accepted.
The main conclusion of the schools activity is that interest in climate and air quality in the
classes that were visited seemed limited. In the classes, there was a shared general concern
about in particular climate, but the underlying knowledge level was limited (although perhaps
corresponding to this age of pupils). The willingness to change personal behaviour was found
to be low – students do not see many possibilities for changing their own behaviours. Neither
do they have very specific ideas about what should be done for change or what a ‘better’
future for them in practice would look like.

City Day
The ClairCity City Day took place on 19th June 2019 in Amsterdam. For this the ClairCity
Amsterdam partnered up with a well-known event namely WeMakeThe.City
(https://wemakethe.city/nl/) on liveable, sustainable, inclusive cities. WeMakeThe.City lasts
three days and ClairCity participated in one of the days.
ClairCity was featured twice in the programme – the team gave two presentations as part of
the blocks ‘bike & city’ and ‘car-free city’. The presentations introduced the ClairCity project,
explained the ClairCity process and stage thereof in Amsterdam, showcased outputs of the
project – e.g. Skylines Game, videos with the elderly etc. This was complemented by an
interactive session (using Kahoot) aiming to share knowledge and raise awareness on air
quality related issues and facts.

In the Dutch secondary school system, there are three tiers, where one tier ‘VWO’ prepares students for an academic
education. All of the classes where we did the school activity were in this tier of pre-university education.
44
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Figure B-3 Amsterdam City Day event (19 June 2019)

Elderly
ClairCity activities with the elderly focused on promoting non-motorised mobility of citizens in
Amsterdam. The activity invited older citizens from the cities to tell about their experiences in
short films and opinions with regards to walking and cycling in their city in order to
demonstrate the health, environmental and social benefits of walking and cycling in the city.
The most important lesson drawn from organising the movie competition in Amsterdam is
that the format that had been foreseen for the movie competition (elderly making their own
videos and sending then to us) did not work in Amsterdam. Another potential mismatch
concerned the main stakeholder engagement channels used (website, social media), which
are the channels ClairCity typically uses to promote its work and events but do not reach out
to the elderly.
Local residents participating in the ClairCity Amsterdam video project shared a range of
thoughts and ideas:
−
−

−

−
−
−

Many elderly in Amsterdam use public transport, bike or move around on foot;
People are generally satisfied with public transport (bus, metro, tram) in Amsterdam,
although there some concerns about bus stops that are being discontinued (with as
result elderly people having to walk further to find a stop);
The people who have a car mostly use it for specific occasions, e.g. transporting
children to school or off-school activities, visits outside of Amsterdam or convenience
rides (e.g. transporting large materials to a painting class), but less for commuting
within the city.
People feel that public transport has become busier compared to previously;
Street works that hinder public transport are sometimes noted as a nuisance;
Some elderly are less confident in cycling than before due to busy points in the city
where different kinds of traffic come together; and the increasing frequency of
mopeds, electric bikes and cargo bikes on cycling lanes;

68

−

−
−

Mopeds in general are seen as an important problem, because of the noise and
pollution but also because of the unsafety related to the large speed differences in
bicycle lanes;
A larger pedestrian zone is seen by some as contributing to cleaner air, but is not
mentioned spontaneously as an important solution;
Some people mentioned that E-bikes should be stimulated instead of mopeds, and
suggest that due to the high speed they can reach, these should go on regular roads
and not bicycle lanes.

GreenAnts App
GreenAnts is a system identifying how travelling impacts efficiency and wellbeing developed
in ClairCity. It consists of:
1. GreenAnt – a smartphone application collecting information about travel patterns using
GPS and motion sensors on the phone
2. ANTS - a web tool for analysing and presenting data, from investigated zones.

To use the system, it is necessary to register
zones on the web tool named ANTS, where
you want to collect data about how people
travel. Users can assign themselves to the
zone by downloading the GreenAnt
smartphone app. When the user is within the
zone, route and transportation data will be
collected and later stored on the server.

At the moment of writing this report, the GreenAnts system in Amsterdam was not yet rolled
out.
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Annex C. Amsterdam citizen engagement impacts:
scenarios and modelling
C.1 Overview of modelling activities
To understand the impact of the policies the citizens put forward, we assessed the impact of
policies on emissions, air quality, health and costs in three steps:
1. Step 1: Reproduce the air quality situation as it is currently, in a modelling
environment (“baseline”):
a. First, estimate total emissions from different sources, in line with statistics (by
sector, by time of day, link with behaviour);
b. Second, model the air quality and validate the modeling ouput with with
observations;
c. Third, assess exposure and health impact with common indicators.
2. Step 2: Estimate future emissions in a scenario with existing policy measures and
model the resulting air quality. This business-as-usual scenario (BAU Scenario) aims
to capture the changes in air quality if no further measures are taken, only accounting
for changes in the emissions due to policy measures made in the past and expected
technological and/or behavioural changes.
3. Step 3: Estimate future emissions in a scenario with additional policy measures as
aimed for by Amsterdam citizens and commented by Amsterdam policy makers
(Unified Policy Scenario, or short UPS Scenario). We follow the same route, from
estimating the impact of the measures on emissions, to air quality and health impact.
The three steps are explained in more detail in section C.2. Section C.3 gives further results
from the behavioural modelling / source apportionment approach carried out with the data in
order to relate air quality emissions and concentrations to citizens’ behavioural activities.

C.2 Results
The results of the modelling exercise consist of three parts:
-

Results for the situation as it is in base year 2015 (baseline)
Expected future without future action (BAU)
Future with additional policy action (UPS)

C.2.1 Baseline
Assessment of air quality for the baseline (2015)
The second-generation Gaussian model URBAIR was setup and run at an urban scale for
the computational domain over the urban area of Amsterdam. The baseline simulations were
performed for the full-year using the meteorological vertical profiles from the WRF-CAMx
system and the emissions available on the ClairCity emissions database.
A preliminary comparison of the URBAIR outputs with the observations in Amsterdam
pointed out a clear underestimation of the simulated concentrations. The underestimation of
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the simulation results is mainly associated with the lack of the other emission sources
contributing to the concentrations within the area, as well as the background concentrations.
Therefore, a procedure was defined to account for the background concentrations and other
remaining sources, following the background concentration maps for 2015 published by the
National Institute for Public Health and the Environment of the Netherlands (RIVM; these
maps are available on http://geodata.rivm.nl/gcn/). The background air pollution maps made
available by RIVM are the total annual average concentrations based on modelled data on 1
km x 1 km grid squares. The background concentrations added for the NO2, PM10 and
PM2.5 concentrations simulated with URBAIR model included the contributions from the
following categories based on source apportionment data made available by GGD
Amsterdam: foreign sources, aviation, rail traffic, agriculture, and waste processing.
The simulation results together with the added background concentrations were calibrated
against the measurements45 with this adjustment procedure. For NO2 concentrations, a slope
of 1.4 obtained from the linear regression is applied as a correction factor over all the
domain, together with a unique correction factor applied to each cell with measurements
available. In case of particulate matter, PM10 and PM2.5 concentrations, the slope obtained
from the linear regression is equal to 3.2 for PM10 and 4.3 for PM2.5 concentrations.
Figure C-1 a) shows the resulting NO2 annual average concentrations. Figure C-1
b) points out the population potentially exposed to NO2 concentrations above the EU legal
limit value of 40 µg.m -3.
Figure C-1 NO2 contour maps: a) annual average of NO2 concentrations and b) number of
inhabitants within the cells exceeding the EU annual limit value of 40 µg.m -3 in 2015

The simulation results indicate a maximum concentration of of 82.7 µg.m-3 within the urban
area over the ring road/ highway A10, together with an hot-spot of concentrations from
shipping sector. The EU annual legal limit value for NO2 annual concentrations is exceeded

45

The NO2 observations available for 2015 include measurements from 100 diffusion tubes with valid measurements available:
44 classified as background sites; 51 classified as street sites; 3 classified as waterway sites; and 2 classified as highway sites.
Besides the diffusion tubes, there was also data available from 16 continuous measurements for 2015: 5 road traffic sites, 7
urban background sites, 3 rural sites, and 1 industrial site. The PM10 observations available include measurements from 12
continuous sites: 4 road traffic sites, 4 background sites, 3 rural sites and 1 industrial site. PM2.5 observations available include
measurements from 4 continuous sites, 3 urban background and 1 rural sites.
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in 105 cells corresponding to 3% of the total population within the urban area potentially
exposed to those concentrations.
Figure C-2 presents the PM10 annual average concentrations (Figure C-2 (a)) and the PM2.5
annual average concentrations (Figure C-2 (b)).
Figure C-2 (a) PM10 annual average concentrations and (b) PM2.5 annual average
concentrations in 2015

The maximum value of PM10 concentrations is equal to 26.4 µg.m -3, which is simulated over
the urban area: the hot-spots are recorded over the A10 ring road, the shipping docks, while
the simulated maximum concentration of PM2.5 is equal to 17.4 µg.m -3. The PM concentration
contour maps point out no exceedances to the EU legal limit values for PM10 and PM2.5, equal
to 40 µg.m -3 and 25 µg.m -3.
However, despite the compliance of the EU legal limit values for particulate matter
concentrations, the annual concentrations indicate exceedances of the WHO guideline
values. Figure C-3 a) shows 102 cells exceeding the WHO guideline value, which represents
less than 1% of the population within the simulation area potentially affected by PM10
concentrations above the recommended value. For PM2.5, 3455 cells of the simulation area
are exceeding the WHO guideline values representing a risk to the inhabitants potentially
exposed to those concentrations (Figure C-3 b).
Figure C-3 Number of inhabitants within the cells exceeding the WHO air quality guideline
values: a) of 20 µg.m-3 for PM10 concentrations, and b) of 10 µg.m-3 for PM2.5
concentrations in 2015

72

B.2.2 BAU
BAU impacts on air quality
The substantial reductions of the NOx emissions in the BAU scenario will lead to significant
reductions of the NO2 concentrations. Figure C-5 presents as example the NO2 annual
average concentrations considering the impacts of BAU scenarios for 2025 and 2050. The
maximum NO2 concentration will be equal to 52.1 µg.m -3 in 2025 and to 49.8 µg.m -3 in 2050,
corresponding to an overall reduction of the maximum concentration of 17% in 2050 when
compared with the baseline year. In the BAU scenario, the NO2 concentrations will still
exceed the EU limits and WHO guidelines in 2050, showing exceedences in 10 cells of the
domain.
Figure C-4 NO2 annual average concentrations for the BAU scenarios: a) 2025 and b)
2050.

Figure C-4 (a) presents the PM10 annual average concentrations for 2050 and (b) the PM2.5
annual average concentrations for the same year. The simulated maximum values of PM10
concentrations range from 24.7 to 23.4 µg.m -3 between 2025 and 2050, while the simulated
maximum concentration of PM2.5 vary from 16.7 to 16.0 µg.m -3. Therefore, the BAU scenarios
will lead to the reduction of both PM10 and PM2.5 concentrations showing compliance with EU
limit values in 2025. However, for the WHO guideline values for PM10 there are still 66 cells
exceeding this limit in 2025 and for PM2.5 2553 cells.
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Figure C-5 Particulate matter annual average concentrations for the BAU scenario in
2050. a) PM10 and b) PM2.5 concentrations

B.2.3 UPS
UPS impacts on air quality
The significant reductions of the NOx emissions in the UPS scenario comparing with the BAU
scenarios will lead to even more significant reductions of the NO2 concentrations. Figure C-6
shows for example the NO2 annual average concentrations considering the impacts of UPS
scenarios for 2025 and 2050. In 2025 the maximum NO2 concentration will be equal to 48.4
µg.m-3 and in 2050 equal to 38.8 µg.m -3, showing no grid cell exceeding the legal limit value
in 2050. Comparing UPS and BAU scenario, the maximum concentrations will be at 29% and
17% compared to 2015.
Figure C-6 NO2 annual average concentrations for the UPS scenarios: a) 2025 and b)
2050.

Figure C-7 presents the UPS PM10 annual average concentrations (a) in 2025 and (b) in
2050. For PM10, in 2025 the maximum value corresponds to 24.3 µg.m -3 and 22.8 µg.m -3 in
2050. This means that there are no exceedances of the EU limit values, but the WHO
guideline values were exceeded in 41 grid cells in 2025 and in 38 cells in 2050. Compared to
the BAU scenario, the UPS scenario will reduce the maximum concentrations by a further 2
and 3% in 2025 and 2050.
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Figure C-7 PM10 annual average concentrations for the UPS scenario: a) in 2025 and b) in
2050.

Figure C-8 presents the PM2.5 annual average concentrations in the UPS scenario (a) in 2025
and (b) in 2050. For PM2.5, in 2025 the maximum value corresponds to 16.2 µg.m -3 and 15.5
µg.m -3 in 2050, translating into a further 3.4% reduction of the maximum concentration
compared to BAU. Based on the WHO guidelines in 2025, 158 cells show exceedences, and
by 2050 this number is reduced to 46 cells. The UPS will reduce the maximum
concentrations by a further 3 and 3.4% in 2025 and 2050 as compared to BAU.
Figure C-8 PM2.5 annual average concentrations for the UPS scenario: a) in 2025 and b)
in 2050.

UPS impacts on health
To illustrate the health benefits related to the air pollution reduction scenario, the following
health impact indicators were calculated for different air pollutants: i) number of premature
deaths and ii) years of life lost (YLL). Premature mortality is a standard measure of the burden
of the population’s health as it is expected that most deaths are preventable before a person
reaches an expected age. YLL is defined as the years of potential life lost due to premature
deaths. Since YLL take into account the age at which deaths occur, relative to life expectancy,
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a greater weight is given to deaths at a younger age than at an older age. Life expectancy can
also be differentiated by country and sex (de Leeuw and Horálek, 2016)46.
The burden of disease associated with ambient air pollution is estimated by relating air
concentrations to health outcomes. Gridded annual averages were used as input to quantify
the relative risk in a population, based on concentration-response functions (CRF). CRFs
reflect the effect of a pollutant on a health outcome, e.g., NO 2 on mortality from
cardiopulmonary diseases. Relative risk is based on epidemiological studies and is expressed
as the increase in incidence or prevalence per unit increase in concentration. The risk ratios
used in this work are described in Table C-1. This table also oulines the mortality causes, age
interval, and concentration threshold consider when calculating the health outcomes for each
air pollutant. The threshold concentration is the concentration level below which no health
effects are expected.
Table C-1 Risk ratios (RR) for mortality
Value [per 10 µg/m3]

Type

PM2.5

RR 1.062 (95 % CI 1.040-1.083)
No threshold

All-cause (natural) mortality in ages above
30 (ICD-10 codes A00-R99).

WHO 2013a47

PM10

RR 1.04 (95% CI, 1-1.09)
No threshold

All-cause (natural) mortality in ages above
30 (ICD-10 codes A00-R99).

Beelen et al.,
201448

NO2

RR 1.055 (95 % CI
1.031-1.08%)
Threshold: 10 μg/m3

All-cause (natural) mortality in ages above
30 (ICD-10 codes A00-R99).

WHO 2013a

Pollutant

Reference

Premature deaths can be estimated at grid-cell level by multiplying the population attributable
fraction (PAF), crude death rate (CDR) broken down by age and sex, and total population
within the grid cell and summing over all ages and sex pairs. PAF is defined as the reduction
in population mortality if exposure to a risk factor were reduced to an ideal exposure scenario
(e.g. concentrations equal to zero). PAF can be calculated from the relative risk, assuming a
linear behavior linear approach. CDRs by age, for 5-year age groups (all ages above 30), and
by sex, were calculated from natural all-cause mortality in 2015 (ICD codes A00-R99) and total
population, both at country level49. It is assumed that CDRs is constant throughout the country
population. YLL are calculated at grid cell level by multiplying premature deaths with life
expectancy by age and sex. Life expectancy data is based on data published by the UN.50 The
expected burden of disease attributable to air pollution in one specific area can finally be
estimated by summing over all grid cells in the area of interest for the indicator of interest.
Reductions are subsequently calculated for each of the scenarios by benchmarking against
the baseline scenario (2015) results.

46

de Leeuw, F. & Horalek, J. 2016. Quantifying the health impacts of ambient air pollution: methodology and input data.
European Topic Centre on Air Pollution and Climate Change Mitigation.
47
WHO 2013a. Health risks of air pollution in Europe - HRAPIE project. Recommendations for concentration-response functions
for cost-benefit analysis of particulate matter, ozone and nitrogen dioxide. Copenhagen, Denmark.
48
Beelen et al. 2014. Effects of long-term exposure to air pollution on natural-cause mortality: an analysis of 22 European
cohorts within the multicentre ESCAPE project. The Lancet 383 pp 785-795
49
Population data available here: https://population.un.org/wpp/Download/Standard/Population/ Tables F15-2 and F15-3;
mortality data available here: http://apps.who.int/healthinfo/statistics/mortality/causeofdeath_query/start.php
50
Life expectancy at exact age and average age at death is available here:
https://population.un.org/wpp/Download/Standard/Mortality/ Tables F16-2, F16-3, F17-2 and F17-3
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UPS impacts on costs
For the assessment of costs, we used 3 indicators:
1. The car user cost: to what extend does the cost to drive a car changes relatively over
time in the BAU as well as under influence of the scenarios;
2. The government tax revenue from car transport, combing fuel excises, registration taxes
as well as any levy’s (e.g. cordon charge);
3. The government expenditure on public transport, i.e. bus subsidies.
The indicators on tax revenue or subsidy expenditure do not distinguish between different
types of government (local, regional, national).
With these indicators, we assessed qualitatively the likely costs of measures for citizens,
government and society at large. Costs for society were assumed to be the net sum of citizen
and government costs. The cost estimations have to be seen as order-of-magnitude
estimations only, as the real costs until 2050 will depend on many variables that were not
included in the ClairCity modelling. Figure C-9 gives an overview of these order of magnitude
costs of the UPS scenario compared to the BAU scenario. The figures only take into account
direct costs and benefits, not indirect benefits as a result of e.g. health improvement of
citizens.
Figure C-9 trends of user cost (left), government tax revenue (middle) and bus subsidy
(right) in the Amsterdam BAU and UPS scenario

Car user cost
The car private user cost is expected to decrease over time in the BAU. The cost decrease
over time, in the BAU, is due to the combination of the cost benefit of more fuel efficient cars
(fuel savings offset the higher purchase cost) as well as the uptake of electric vehicles (EVs)
that are becoming ever cheaper in the future, reflected in the strong decrease of user cost in
2050 due to massive uptake of EVs. The cost decrease particularly manifests from 2035
onwards.
The car private user cost in the UPS only drops significantly to the BAU in 2035. We have
assumed a stronger EV-uptake scenario in the UPS compared to the BAU, as a
consequence of the (strengthened) environmental zone, which will push consumers earlier
towards EVs, at a time when EVs are already expected to be cheaper in resource cost and
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taxation compared to conventional cars. The effect diminishes by 2050 as already in the BAU
EV adoption rates will be high by 2050. The other cost effect of the increased parking tickets
is expected to be low (+/- 10% increase compared to the BAU).
Car tax revenues
The tax revenue decreases in the BAU. This decrease follows the lower tax revenue from
electric vehicles as the fleet gradually electrifies. Under current assumptions, the taxation of
EVs is limited and as EVs enter the fleet, government revenue from taxing cars on average
will shrink. Clearly, this has to change over time as the decreasing tax revenue of excise
duties on diesel and petrol will become an issue public authorities. However, in the ClairCity
simulation, we have kept the taxation levels constant as the loss of tax revenue is more of a
concern to central governments, as the bulk of the revenue is collected at national level (fuel
excise, registration/circulation taxes,…).
The tax revenues from increased parking revenues add to the overall government revenue
but are insufficient to offset the lack of taxation of EVs.
Bus subsidies
Bus subsidy are left unchanged, both in the BAU and the UPS, yet additional supply in the
UPS (higher density and higher frequency) leads to a higher use of public transport and thus
increases the required subsidies. Assuming no changes to the level of cost coverage,
required subsidy follows the total demand of public transport, resulting in a gradual increase
of 52% in the BAU and 79% in the UPS by 2050.
Costs of other measures
Regarding the cost impacts of investments (e.g. in cycling infrastructure), we assume these
come at the expense of other investments and are phased in gradually. They will thus lead to
a shift in existing (investment) expenditure rather than to new investments. To estimate
costs, the measures would have to be described in more detail, with a full investment plan
including suspended investments to compensate for the costs made. This was considered
outside of the scope of the exploratory ClairCity modelling.

C.3 Behavioural modelling / source apportionment
A fine granular dataset of road transport emissions was generated that allowed source
apportionment not only at the typical level of mode choice (e.g. car, bus, taxi, cycling, walking
etc) but also the underlying behaviour or motive (e.g. shopping, commuting, leisure etc) and
socio-economic properties of the people travelling (e.g. gender, age, income etc). The
scientifically robust yet flexible methodology is designed to allow it to use different types of
public datasets, which can be applied to different cities in similar fashion. The methodology
had two primary steps:
1. A simple traffic demand generation and assignment algorithm to establish traffic flows at
link level to calcuate total emissions; and
2. Merging the emission dataset from step 1 with travel survey data holding information on
the underlying motives and socio-economic properties of travellers of individual trips.
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C.2.1 Step 1: Traffic Demand Generation
The first step is to develop emissions at link level. This is done with the following sequential
steps:
1. Establishing a noded network of the city. We use OpenStreetMaps (OSM) to
establish the network. OSM holds all details necessary for traffic assignment including:
road type (residential, regional, highway) number of lanes, directions, speed limits, etc.
We developed a Matlab script to convert the OSM map to a simple network
2. Generation of transport demand from land use information to an origindestination table. We use a generalised approach focusing on peak travel demand
that allows different data-sources for land-use. OSM in itself is a potential source we
have tested, but for the case of Bristol we’ve used land-use information of UrbanAtlas
3. Assigning demand on the network to generate traffic at link level. We use a static
assignment and generic assumptions on trips distance and flexible assumptions on
preferences for different types of road insofar as they are available from [Step 1]
4. Calibrate the traffic demand with a limited amount of counting points. The traffic
generation form [Step 2] is highly uncertain and is to be scaled in such a way that the
resulting traffic demand at link level corresponds to measurements. The amount of
counting data available, determines the quality of the traffic demand estimation
5. We multiply the traffic demand with common emission factors. The emission
factors are derived from the publicly available COPERT V methodology, taking into
account the fleet composition (age, fuel type, EURO-standard etc.) at country level.51

C.2.2 Step 2: Linking to Travel Survey Data
In the second step, we link the traffic demand data with travel survey data to further break
down the emissions by motive. Travel survey data typically hold detailed information about
travel behavior, combining information of the individual as well as information of the trip. In this
particular case, we have travel data at:
1. The individual scale
a. Income group (3 groups)
b. Age group (5 groups)
c. Gender
d. Car ownership (0, 1, more)
2. The trip-scale
a. Transport mode (bicycle, bus, car, motor, taxi, train, walk)
b. Trip motive (Business, commute, education, leisure, other escort, personal
business, shopping, other)
c. Time of day (morning, midday, evening, night) as well as day type (weekday,
weekend)
The data fusion focusses on the matching trip distances observed from the travel survey data,
which only holds a sample of all trips with the estimated traffic demand from estimated transport
volumes (and emissions) at link level. This fusion results in a dataset that allows us to
understand the underlying source of the emission by properties of the citizen (age, income,
sex) as well as the behavioral element (trip motive).
The trip motive / citizen behaviour activity definitions are taken from the UK National Travel
Survey (HM Government, 2018). These are defined as:

51

Initial estimates used fleet at local level but revealed a similar fleet composition at country level, so we opt for country level
fleet composition as typically more data is available at country level compared to city level.
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• Commuting: trips to a usual place of work from home, or from work to home;
• Business: personal trips in course of work, including a trip in course of work back to
work. This includes all work trips by people with no usual place of work (e.g. site
workers) and those who work at or from home;
• Other: trips to work from a place other than home or in course of work, e.g. coming back
to work from going to the shops during a lunch break. In most tables this is included
with 'personal business';
• Education: trips to school or college, etc. by full time students, students on day-release
and part time students following vocational courses;
• Shopping: all trips to shops or from shops to home, even if there was no intention to
buy;
• Personal business: visits to services, e.g. hairdressers, launderettes, dry-cleaners,
betting shops, solicitors, banks, estate agents, libraries, churches; or for medical
consultations or treatment; or for eating and drinking, unless the main purpose was
entertainment or social;
• Leisure: visits to meet friends, relatives, or acquaintances, both at someone’s home or
at a pub, restaurant, etc.; all types of entertainment or sport, clubs, and voluntary work,
non-vocational evening classes, political meetings, etc.;
• Escort: used when the traveller has no purpose of his or her own, other than to escort
or accompany another person; for example, taking a child to school. 'Escort commuting'
is escorting or accompanying someone from home to work or from work to home.
Similarly, other escort purposes are related to the purpose of the person being
escorted.
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