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- National Air

Quality
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Summary
This thesis studies trends in air pollutants ‘fine particles (PM)’ and ‘nitrogen dioxide (NO2) in
Amsterdam, the Netherlands. The causes and effects of pollution are analysed and options to
reduce the health effects on people are assessed. NO2, PM10 and PM2.5 concentrations were
analysed from January 2014 to June 2016 by using GGD and RIVM data. Nine localities in
Amsterdam were sampled. The analysis showed that NO2 reached the EU limit values multiple
times. Even though this is not the case for PM10 and PM2.5, their concentrations are also higher
than advised by the World Health Organisation. Traffic emits most of these particles and
therefore, all three particles’ concentrations increased in the morning and remained high during
the day.
Exposure to these particles can lead to several adverse health effects. This was distilled from
scientific literature. These effects, however, are still uncertain since they are influenced by
multiple factors, like the living area, the health of residents and their specific concentrations.
Exposures to NO2 and PM are probably associated with mortality from circulatory diseases,
respiratory diseases, cardiovascular diseases, lung cancer and with non-accidental mortality.
High NO2 concentrations can also lead to low birth weight and reduced lung function in
children. Reducing these NO2 emissions is important because their concentrations exceed
health norms in Amsterdam. However, according to the recent scientific literature PM leads to
more life years lost and premature deaths, and reducing PM is therefore important as well.
To identify possibilities to reduce these particles, I analysed the current traffic situation in
Amsterdam using the NSL Monitoring tool and municipal number of cars, motor bikes and
trucks data. Some specific heavily trafficked streets with high particle concentrations were
detected. Also, an increase in passenger cars and especially motor bikes and mopeds was visible
together with decreasing public transport use and increasing distances travelled by car.
Based on these results, six traffic options were assessed and compared: a low emission zone,
restriction times, a congestion charging scheme, improved public transport, stimulation of
cleaner vehicles and a shared mobility programme. Their emissions reduction potential was
simulated using the NSL Monitoring tool. Their time to introduce and costs for implementation
were also estimated. Improving public transport, a stricter low emission zone and stimulating
cleaner vehicles or a combination of them proved to be the best short-term options. Cleaner
public transport (e.g. by switching to electric buses) improves air quality at specific problem
locations and cleaner (electric) vehicles potentially reduce most NO2 emissions. Since a low
emission zone leads to a fewer vehicles, this option also leads to less PM and NO2 emissions.
Congestion charges and shared mobility measures probably have a high impact on both NO2
and PM emissions, but, since a longer implementation time is expected, these are measures for
the future.
The study’s uncertainties are mainly related to the NSL Monitoring tool, which calculates
concentrations that differ from the measured values. Therefore, the tool was used to compare
the measures, but estimating realistic concentrations was difficult. The tool can be improved by
including weather input and more vehicle categories, and by adding diurnal values instead of
only annual outputs, but testing this was outside the scope of my study.
9

My study showed the importance of reducing NO2 and PM emissions in Amsterdam. Higher
emissions lead to higher health risks. Although I believe that citizens have their own
responsibility in sustainable traffic as well, my assessment of emission-reduction options can
be used by the municipality to explore effects of possible measures.
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1. Introduction
1.1 Background
Amsterdam’s air quality has often been mentioned in newspapers, television and social media
last months1,2,3. The concentrations of air pollutants are high and this influences the quality of
life and can harm human health. It is also worse for the city’s development because the bad air
quality does not allow to build schools or houses in some places (Municipality of Amsterdam,
2015b). Therefore, the air quality in Amsterdam has to be improved.
Amsterdam is part of the safety region ‘Amsterdam-Amstel land’ in which traffic is the most
important source of air pollution4. The two main air pollutants released by road transport are
nitrogen dioxide (NO2) and fine particulate matter (PM) (EEA, 2016). Therefore, this thesis
will focus on NO2 and PM, and the impact of road traffic.

1.2 NO2 and PM
NO2 refers to nitrogen dioxide, which is one type of the nitrogen oxides (NOx). These NOx refer
to both nitric oxides (NO) and nitrogen dioxide (NO2). When combustion in vehicles occurs in
the presence of nitrogen, either in the air and/or in the fuel, the molecular bonds in N2 break
and NOx gases are formed (EEA, 2016; Van der Molen et al., 2016). From all NOx emissions
in The Netherlands in 2013, 65% was emitted by traffic and transport, of which 40% was
emitted by road transport (CBS Statistics Netherlands, 2015). The major part of NOx emissions
consists of NO (EEA, 2014). However, when NO is emitted by cars, it will be rapidly converted
into NO2 since the following reaction will occur: NO + O3 → NO2 + O2. Hence, NO will be
destroyed in 10 minutes, and NO2 is normally a stable molecule (Krol, 2013).
Because of this chemical reaction, this thesis will mainly focus on NO2 when talking about
NOx. NO2 is also the most harmful component of NOx (CBS Statistics Netherlands, 2015). It
can cause various adverse health effects, like irritation of eyes, nose and throat, breathing
problems and it can have impacts on the liver, spleen and blood. Besides these human health
risks, nitrogen can also impact nature. An excess of nitrogen deposition may result in acid
deposition and eutrophication (EEA, 2014, 2016).
NOx gasses not only contribute to the formation of ozone but also to the formation of particulate
matter (PM). PM is a mixture of aerosol particles (solid and liquid), of different sizes and
chemical compositions (EEA, 2014). Often the terms PM2.5 and PM10 are used, in which the
numbers refer to the size of the particles – respectively less than 2.5 or 10 micrometres in
aerodynamic diameter. Therefore, PM2.5 is also part of PM10. Just like NOx, PM is also emitted

1

http://www.ad.nl/amsterdam/amsterdam-doet-te-weinig-tegen-ongezonde-lucht~ac3fd7ab/, retrieved September
16, 2016
2
http://www.nu.nl/amsterdam/4293334/luchtkwaliteit-in-amsterdam-verbetert-langzaam.html, retrieved
September 15, 2016
3
http://www.parool.nl/amsterdam/gezonde-lucht-in-amsterdam-wil-niet-vlotten~a4341363/, retrieved September
15, 2016
4

http://www.ggd.amsterdam.nl/gezond-wonen/milieu-buitenshuis/luchtkwaliteit/, retrieved September 14, 2016
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from the vehicles’ exhaust. In addition, PM is also released by the wear of tires and breaks. The
deposited PM might re-suspend in the air by passing cars (EEA, 2016). Besides these direct
emissions as primary particles, PM can also be formed in the atmosphere from SO2, NOx, NH3
and non-methane volatile organic compounds (NMVOCs) emissions (EEA, 2014). From all
PM10 emissions in The Netherlands in 2013, 35% was emitted by traffic and transport, of which
49% was emitted by road transport (CBS Statistics Netherlands, 2015).
PM’s very small sizes ensure that these air pollutants cause greatest harm to human health in
Europe. The particles can enter our lungs, but also our bloodstream (EEA, 2013). Studies link
long-term exposure to PM2.5 to among others atherosclerosis, adverse birth outcomes and
childhood respiratory diseases (WHO, 2013). PM can also influence the environment, by
altering rainfall patters, and effecting the albedo properties of snow (EEA, 2014).
Because of the health effects of these pollutants, the World Health Organisation (WHO) came
up with Air Quality Guidelines (AQGs). These AQGs are developed to support actions to
achieve air quality protection for public health (WHO, 2006). Keeping these values in mind,
the European Union (EU) also set limit values for NO2, PM10 and PM2.5. In Table 1 these AQGs
and their EU limit values are presented (European Parliament & Council of the European
Union, 2008; WHO, 2006). The EU limit values are directives and also taken up in the Dutch
law (in “Bijlage 2. bij de Wet milieubeheer”).
Table 1 WHO AQGs and EU limit values for NO2, PM10 and PM2.5 (European Parliament & Council of the European
Union, 2008; WHO, 2006)

Pollutant Period
NO2
PM10
PM2.5

Annual mean
1-hour mean
Annual mean
24-hour mean
Annual mean

WHO AQGs
(μg/m3)
40
200
20
50
10

24-hour mean

25

EU limit
value (μg/m3)
40
200
40
50
2015: 25
2020: 20

Additional EU constraints
Not to be exceeded more than 18
times a calendar year
Not to be exceeded more than 35
times a calendar year

In this table, the EU limit values for PM are less strict than the WHO AQGs. This means that a
certain concentration can be below an EU limit value, but still be higher than what the WHO
recommends.
In addition to these particles, also ozone (O3) plays a role in the air quality of cities and is
influenced by concentrations of NOx. O3 is involved in the previously mentioned reaction, and
under the influence of solar radiation, this reaction can also work the other way around: NO2 +
O2 + hυ → NO + O3. The net reaction then will be NO2 + O2 ↔ NO + O3 (Krol, 2013). Fewer
cars result in less NO emissions and thus higher O3 concentrations (until equilibrium is
reached). Since sunlight is needed for the reaction to the right, during the night NO2 will not be
converted to NO, and the ratio NO2/NO is high.
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1.3 Current situation in The Netherlands
The average concentrations of NO2 and PM in The Netherlands are currently on average below
the EU limits (EEA, 2014). Most recently measured and reported NO2 concentrations are from
2015 and these are lower compared to 2014 (Velders et al., 2016). However, at some local
localities, especially along roads with heavy traffic in cities, concentrations exceed the limits5.
Even though on average the concentrations are below EU limits, this is not the case for every
single point. In Amsterdam, the yearly average NO2 concentration in 2013 was 45 μg/m3 5,
which is already above EU limits, but since it is an average there must be points with even
higher concentrations too.
This can also be seen in Figure 1, in which the annual mean concentrations for NO2 are
displayed. The most recent national data from 2013 is used. The concentrations are based on
daily averages with at least 75% of valid measurements. At many measurement points in The
Netherlands, the concentrations were green (below 30 μg/m3). However, in Amsterdam, there
are several orange or even (dark) red points visible, indicating concentrations of 30-40 μg/m3
and 40 μg/m3 or higher exist6.

Figure 1 NO2 annual mean concentrations in The
Netherlands in 20136

Figure 2 PM10 annual mean concentration in The
Netherlands in 20137

For PM10, the results of Dutch annual mean concentrations are shown in Figure 2 (based on
daily averages with at least 75% of valid measurements)7. For Amsterdam, the results are light-

5

http://www.rivm.nl/media/milieu-en-leefomgeving/hoeschoonisonzelucht/, retrieved September 21, 2016
http://www.eea.europa.eu/themes/air/interactive/no2, retrieved September 22, 2016
7
http://www.eea.europa.eu/themes/air/interactive/pm10, retrieved September 22, 2016
6
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green, referring to concentrations between 20-31 μg/m3. This is below the EU limit values, but
still too high when looking at the WHO AQGs, so there is room for improvement.

1.4 DPSIR framework
To gain better insights in the problem and the relation between the causes and effects, a DPSIR
framework was developed. DPSIR is a cause-effect framework. It stands for Drivers – Pressures
– State – Impact – Responses, and it is used to describe the interactions between causes and
impacts of environmental problems and society’s responses (EEA, 2000).
The framework starts with the drivers (e.g. economic sectors, human activities), linked by
pressures (e.g. emissions, waste) to the state (e.g. physical, chemical concentrations and
biological processes) and impacts on human health, ecosystems and sectors. This can lead to
political responses (e.g. prioritisation, target setting, indicators) to the other four parts
(Kristensen, 2004).
For the air pollution caused by traffic in Amsterdam, the DPSIR framework is presented in
Table 2.
Table 2 DPSIR framework applied to air pollution caused by traffic in Amsterdam, based on (EEA, 2000)

Drivers

Pressures
State
Impact

Responses

Air pollution caused by traffic in Amsterdam
Population growth (including the growing numbers of tourists and visitors)
Economic development increases car use
Distribution of goods
People commuting to their work/school
Market prices of transportation and fuels
Vehicle fleet
Energy consumption and efficiency
Urbanization
Emissions of NOx and PM by cars
Energy consumption
Air quality: concentrations of NO2 and PM in the atmosphere
- Health impacts
Irritations, premature deaths
- Impact on nature
Eutrophication and acidification
Losses of biodiversity and damage to forest, soils, fish and buildings
Reducing emissions of NOx and PM
For example, by:
- clean public transport
- regulations (e.g. speed limits)
- price signals (e.g. taxes)
- spatial and mobility planning
- creating awareness for the (health) effects

The insight in the relationships between these five different stages was used to formulate the
purpose of this study in the next section.
14

1.5 Purpose of the study
The levels of air pollutants in Amsterdam are too high at various places and this results in
adverse effects on health and nature. This thesis focusses on the health impacts. Since (road)
traffic is a major polluter of NOx and PM, smart traffic options will be evaluated in this thesis
to improve Amsterdam’s air quality.
Therefore, my research aims to analyse NO2, PM10 and PM2.5 emissions caused by traffic in
Amsterdam, the associated health effects and possible options to control these emissions.
To reach the objective, the following research questions (RQs) will be addressed:
RQ1: What are the trends and peaks in NO2, PM10 and PM2.5 caused by traffic in Amsterdam,
based on data from 2014 until 2016?
RQ2: What are the related health effects?
RQ3: What are possible options or policy measures to reduce polluting traffic in Amsterdam?
RQ4: To which extend can air pollution be reduced by the different options or policy
measures?
RQ5: Which recommendations can be made for the future?
These five RQs are answered in the next chapters. Chapter 2 describes the methods used to
answer these questions. Chapter 3 answers RQ1 by showing the concentrations of NO2 and PM
in Amsterdam for the last years, including peaks, the share of traffic in these concentrations and
the different episodes that occurred. In Chapter 4 the health effects of NO2 and PM for these
concentrations are described as answer to RQ2. After these chapters, traffic options to reduce
the concentrations are presented in Chapter 5 which answers RQ3. Examples of these measures
in other cities, where they were successful, are included as well. Chapter 6 answers RQ4 by
exploring the possibilities of these measures for Amsterdam according to their potential to
reduce the concentrations, the time needed to implement them, and the costs involved. The
thesis finishes with a discussion and conclusions (Chapter 7) in which also some
recommendations will be given on the potentially best short-term options for Amsterdam
(RQ5).
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2. Methods
This chapter describes the different methods used to answer the above RQs.

2.1 Data analysis
To answer RQ1 on the NO2 and PM trends and peaks, pollution data was used.
Measurement points in the city of Amsterdam were used to investigate the trends and peaks in
NO2, PM10 and PM2.5. The National Institute for Public Health and the Environment (RIVM)
has a national monitoring network for air pollution, of which one point is located in Amsterdam.
In addition to this point, the Municipal Public Health Service (GGD) Amsterdam has its own
monitoring network in Amsterdam with 12 measurement points. In Figure 3, the nine locations
within the ring A10, south of the river IJ are indicated and below the map, the names and
corresponding type of the stations and compounds measured per locations are displayed.
Three of the monitoring stations are background stations, which are located at least several tens
of meters from a busy street. The other six stations are street stations are characteristic for
concentrations in busy streets. Amsterdam A10-West and Einsteinweg are located along the
A10 highway, Stadhouderskade and Haarlemmerweg along unilaterally built streets and Van
Diemenstraat and Jan van Galenstraat along duplex built streets. Therefore, the last two stations
can be seen as ‘street canyons’, where emissions of traffic remain relatively long in the air
(Dijkema et al., 2016).
Validated data from the GGD was available at Luchtmeetnet and downloaded for the period
from January 2014 until the most recent measurements, in most cases this is until June 2016.
For the station measured by the RIVM, data from January 2014 until September 2016 was
downloaded from their own website.
In both cases data was used from January 2014 until as recent as possible at the moment of
analysing. However, it should be noted not all 2016 data was validated yet, and that not all
months are available at each station. According to European legislation, 90% of the time on
which an average is based has to be actually measured. Since all measurements are hourly
measured, this means a maximum amount of 365*24=8760 measurements can be conducted in
one year, and therefore 7884 measurements are needed to calculate the annual mean. In Annex
1 these amounts of measurements per stations and compound are shown (after removing the
duplicates), in which it can be seen that, except for one, this minimum amount was reached for
all stations and compounds for 2014 and 2015. For 2016, however, fewer measurements are
available (maximum a few months).
When calculating the amount of exceeding days for PM, also this 90% rule was used. This
means that, when 24 measures are taken per day, an average is only considered as valid and
used when at least 22 measures contributed to this daily average. The different measurement
methods used by the GGD and their validation steps can be found in Annex 2.
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Number in
Location point
figure

Measured by

Type of station

Pollutants measured
NO2

PM 10

PM 2.5

1

Amsterdam-A10-West RIVM

Street station

x

2

Einsteinweg

GGD Amsterdam

Street station

x

x

3

Jan van Galenstraat

GGD Amsterdam

Street station

x

x

4

Vondelpark

GGD Amsterdam

Background station

x

x

x

5

Westerpark

GGD Amsterdam

Background station

x

x

6

Haarlemmerweg

GGD Amsterdam

Street station

x

7

Van Diemenstraat

GGD Amsterdam

Street station

x

x

x

8

Stadhouderskade

GGD Amsterdam

Street station

x

x

x

9

Oude Schans

GGD Amsterdam

Background station

x

x

Figure 3 Locations of measurement points of the monitoring network Amsterdam (source figure:
https://www.luchtmeetnet.nl/stations/noord-holland/amsterdam/alle-stoffen)
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The data was received in Microsoft Excel format and expressed as for example 2014-12-31
01:00:00+01:00;Amsterdam-Einsteinweg;NO2;28. This means the measured result from the
period between 2014-12-31 00:00:00 and 2014-12-31 00:01:00 in wintertime in the
Netherlands, followed by the location, the component and the concentration. Therefore, to work
with these values, the data was split into multiple columns, the values of 00:00:00 were replaced
by 23:59:00 the day before (for calculations on the daily average) and pivot tables were made
in Excel to calculate daily averages and investigate the amount of measures per day.
In order to estimate the contribution of traffic to these concentrations, first background
concentrations from the Largescale Concentration map Netherlands (GCN) were obtained. Data
was retrieved from Michiel van der Molen (Meteorology and Air Quality group of Wageningen
University), based on (RIVM, 2015) and downloaded from the RIVM website. After this, the
coordinates of the nine locations were converted into Dutch RD coordinates to get the
corresponding cell in the GCN map (see Table 3). With these coordinates, closest points on the
NSL-monitoring map could be investigated (Table 3, which contains information on the
contribution of traffic.
Table 3 Coordinates per location point and corresponding cells in GCN maps 2015 and measurement points in the NSL
Monitoring tool

Location point

Coordinates
(degrees)

Vondelpark

52.3597, 4.86621

RD coordinates Corresponding Corresponding
(X, Y in meters) cell in GCN measurement point
map
NSL
Monitoring
tool
119510, 485884 DP, 136
1094499

Westerpark

52.394, 4.87016

119806, 489698

DP, 132

1091003

Oude Schans

52.3721, 4.9044

122120, 487245

DR, 134

15600156

Stadhouderskade

52.358, 4.8997

121790, 485679

DR, 136

1090554

Haarlemmerweg

52.3854, 4.87575

120180, 488738

DQ, 133

1094622

Jan van Galenstraat

52.3748, 4.86032

119121, 487566

DP, 134

1094039

Van Diemenstraat

52.39, 4.88781

121004, 489244

DR, 132

1094094

Einsteinweg

52.3813, 4.84523

118099, 488297

DO, 133

15537044

Amsterdam-A10West

52.3395, 4.84102

117777, 483649

DN, 138

15819969

Lastly, peak moments were investigated for this Chapter. These periods of episodes were
compared with meteorological data from the Royal Netherlands Meteorological Institute
(KNMI). Data from the station ‘Schiphol’ was used, since this station is closest to Amsterdam.

2.2 Literature review
To answer RQ2 on the related health effects, a literature review was performed to investigate
the health effects of these compounds, after which these effects were linked to the current
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concentrations in Amsterdam. These effects are expressed in number of premature deaths, and
as the effect of a certain increase in the concentrations.
For RQ3 on possible policy options, the options for reducing air pollution by traffic were
investigated by doing a literature research as well. Current measures (or plans) were
investigated, as well as other possible options. Three categories of measures will be used:
prohibiting measures, command measures and stimulating measures. The options are illustrated
by examples of cities where it is already successfully implemented. The lessons learned from
these examples can be kept in mind when exploring possibilities for Amsterdam

2.3 NSL Monitoring tool
In order to estimate the potential to reduce emissions of the options for answering RQ4 on the
reduction potential of the different options, the NSL Monitoring tool was used. This tool is the
standardised calculation tool for the National Air Quality Cooperation Programme (NSL). It is
the official tool used by local governments to simulate the air quality in particular streets, to
investigate locations of problem areas where EU limit values are exceeded, and to report to the
national government. Basically, this tool is a simple box model, in which each street segment
is considered as a single box. The tool is developed as a generic tool that does not use detailed
meteorological information. Also, it only simulates annual average concentrations (Van der
Molen et al., 2016).
The mass balance of a substance in this box can be described as follows:
𝑑𝑚
𝑑𝑡

= 𝐹𝑖𝑛 − 𝐹𝑜𝑢𝑡 + 𝐸 − 𝐷 + 𝑃 − 𝐿

(Eq. 2.1)

In which E are emissions from traffic (pollutants added by vehicles). For NO2, NSL-monitoring
assumes that there is no loss by deposition (D = 0), because of the very low deposition velocity
for NO2. Also, the tool assumes equilibrium according to the photochemical state (NO2 + O2
↔ NO + O3) and no chemical production and loss of NO2 (P and L are 0). Fin is the present
background concentration in the inflowing air (GCN), the outflow Fout depends on the
concentrations in the box and the wind speed (Van der Molen et al., 2016).
The concentration at a certain location consists of a background concentration Cbg (from the
GCN) and a local concentration Clocal. This Clocal is mostly caused by traffic. The emissions E
from traffic [μg/m/s] in a street segment are calculated by the vehicle intensity N (veh/day) and
the emission factor E* [g/km/veh]:
100

E = 24∗3600 𝑁 ∗ 𝐸 ∗

(Eq. 2.2)

The emission factor E* depends on the vehicle category (and its fractions f and own emission
factors E), namely light vehicles, middle heavy vehicles and heavy vehicles:
𝐸 ∗ = f𝑙E𝑙 + f𝑚E𝑚 + fℎEℎ

(Eq. 2.3)

Buses are also assigned as a fraction on their own. In Table 4 the categories are illustrated
more.
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Table 4 Vehicle categories (adapted from NSL, 2012)

Category
Light vehicles

Middle heavy vehicles
Heavy vehicles
Buses

Description
- Cars
- Vans
- Motors
- Trucks < 20 tons gross vehicle weight (GVW)
- Touring car buses
- Trucks > 20 ton GVW
- Tractors
- Public transport auto buses,
Except for touring car buses

Lastly, these emission factors not only depend on the vehicle category, but also on the speed
and a fraction of stagnating traffic (Fs). Four speed classes are distinguished in the NSLmonitoring tool, which are presented in Table 5.
Table 5 Speed types in the NSL-monitoring (adapted from NSL, 2012)

Speed code
b
c

d

e

Speed type
Provincial road

Description
Typical intercommunal traffic, average speed of about
60 km/h, on average 0.2 stops per km
Normal urban traffic Typical urban traffic with some degree of congestion,
average speed between 15 and 30 km/h, on average 2
stops per km
Stagnating
urban Urban traffic with a high degree of congestion,
traffic
average speed smaller than 15 km/h, on average 10
stops per km
Urban traffic with Urban traffic with a fair share of “free flow” lanes,
reduced congestion
average speed between 30 and 45 km/h, on average
1.5 stops per km.

The final formula for the emissions E from traffic will then be (Velze & Wesseling, 2014):
100𝑁

E = 24∗3600 [(1 − Fs)(f𝑙E𝑙 + f𝑚E𝑚 + fℎEℎ + f𝑏E𝑏) + Fs (f𝑙E𝑙, 𝑑 + f𝑚E𝑚, 𝑑 + fℎEℎ, 𝑑 +
f𝑏E𝑏, 𝑑)]
(Eq. 2.4)
With:
E
N
fl
fm
fh

: emission [μg/m/s];
: traffic intensity [vehicles/day];
: fraction light motor vehicles [-];
: fraction middle heavy motor vehicles [-];
: fraction heavy motor vehicles [-];
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fb
El
Em
Eh
Eb
FS
E*,d

: fraction buses [-];
: emission factor light motor vehicles [g/km];
: emission factor middle heavy motor vehicles [g/km];
: emission factor heavy vehicles [g/km];
: emission factor buses [g/km];
: fraction stagnating traffic, 0-1 [-]; and
: emission factor of vehicle category * for stagnating traffic [g/km] (meaning speed type
d). (Velze & Wesseling, 2014).

A distinguish is made between so-called SRM-1 and SRM-2 roads. SRM-1 roads are roads in
an urban environment. The road and the corresponding measurement station are directly linked.
All b-e roads in Table 5 are SRM-1 roads. SRM-2 roads are highways (roads outside the city),
influencing a larger area (of about 5 km). Previously, they had the code a. For SRM-2 roads,
buses are included in the fraction middle heavy vehicles. The corresponding emission factors
per compound and per road type (SRM1 and SRM2) are presented in Table 6 for light, middle
heavy and heavy vehicles and in Table 7 for buses.
These emission factors cannot be changed in the Monitoring tool, but since there is a linear
relationship between the traffic intensity and the emission factor (Eq. 2.2), the effect of a change
in emission factor can be simulated by changing the traffic intensity.
Besides these parameters on emissions, also parameters on the street type (tree factor, height,
etc.) are included in the tool. Since these parameters will not be changed, no further attention
is given to these. To answer RQ4, the Segment parameters (emissions/intensity) will be changed
to investigate the effect of these changes on the concentrations.
Table 6 Emission factors El, Em and Eh of NO2, NOx in NO2 equivalent, PM10 and PM2.5 as a function of road type,
speed type and vehicle category. Officially determined by the Dutch national government for 2015
(https://www.rijksoverheid.nl/onderwerpen/luchtkwaliteit/vraag-en-antwoord//hoe-kan-ik-luchtvervuiling-berekenen,
published March 2016). The emission factors are updated annually.

code

b
c
d
e
(a)
(a)
(a)
(a)
(a)
(a)
(a)

Max
speed
(km/h)
60
15-30
< 15
30-45
80+SE
80
100+SE
100
120
130
**

El (g/km)
Light vehicles

Em (g/km)
Middle heavy vehicles

Eh (g/km)
Heavy vehicles

NO2

NOx*

PM10

PM2.5

NO2

NOx*

PM10

PM2.5

NO2

NOx*

PM10

PM2.5

0.09
0.09
0.14
0.09
0.08
0.08
0.09
0.10
0.13
0.15
0.15

0.30
0.38
0.57
0.37
0.27
0.28
0.30
0.33
0.42
0.47
0.49

0.020
0.038
0.041
0.038
0.023
0.025
0.026
0.026
0.027
0.027
0.037

0.009
0.017
0.020
0.017
0.011
0.013
0.014
0.014
0.015
0.015
0.015

0.25
0.39
0.65
0.26
0.28
0.28
0.28
0.28
0.28
0.28
0.45

4.49
7.03
11.49
4.87
3.09
3.09
3.09
3.09
3.09
3.09
6.47

0.108
0.187
0.236
0.162
0.102
0.102
0.102
0.102
0.102
0.102
0.193

0.052
0.085
0.134
0.060
0.042
0.042
0.042
0.042
0.042
0.042
0.098

0.29
0.47
0.77
0.32
0.27
0.27
0.27
0.27
0.27
0.27
0.42

4.99
9.01
14.75
6.22
3.24
3.24
3.24
3.24
3.24
3.24
7.88

0.110
0.197
0.256
0.168
0.096
0.096
0.096
0.096
0.096
0.096
0.198

0.058
0.102
0.164
0.073
0.039
0.039
0.039
0.039
0.039
0.039
0.105

(a): this code is no longer used; SRM-2 roads
SE: strict enforcement through road section control or automatic cameras
*: NOx in NO2-equivalents
**: highway with congestion; emission factors are the same for all maximum speed levels
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Table 7 Emission factors Eb of NO2, NOx in NO2 equivalent, PM10 and PM2.5 as a function of road type, speed type and
vehicle
category.
Officially
determined
by
the
Dutch
national
government
for
2015
(https://www.rijksoverheid.nl/onderwerpen/luchtkwaliteit/vraag-en-antwoord//hoe-kan-ik-luchtvervuiling-berekenen,
published March 2016). The emission factors are updated annually.

code

Max speed (km/h)

b
c
d
e

60
15-30
< 15
30-45

NO2
0.30
0.52
0.83
0.37

Auto buses (g/km)
NOx* PM10 PM2.5
0.112 0.069
0.157 0.080
0.221 0.144
0.128 0.051

*: NOx in NO2-equivalents

2.4 Ranking
To answer RQ5 on policy recommendations, a ranking of the previous options will be made.
They were ranked according to their potential to reduce emissions (and thus the resulting
reduction in premature deaths and YLL), the time it takes to introduce the option and the amount
of money involved for implementation. This all to test the feasibility of the options.
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3. Trends in NO2 and PM concentrations in Amsterdam
This chapter answers RQ1 on NO2 and PM trends and peaks. As discussed in Chapter 1, the
concentrations in The Netherlands are on average below EU limits; however, this is not the case
at every single measurement spot. Especially along roads with heavy traffic in cities the
concentrations are usually higher. In this chapter the trends and peaks in NO2, PM10 and PM2.5
are investigated. This is done by firstly analysing annual mean concentrations and amount of
exceedance days of a certain limit for all stations. After this, the contribution of road was
analysed. Lastly, periods with higher concentrations than usual were investigated and compared
to weather conditions.

3.1 Background stations
First the three background stations were investigated: Vondelpark, Westerpark and Oude
Schans. The annual means as well as the amount of exceedance days/hours are presented in
Table 8.
Table 8 Air pollution concentrations related to the limit values for the background stations

Year
NO2
Annual mean
(μg/m3)
Exceedance
hours
PM10
Annual mean
(μg/m3)
Exceedance
days
PM2.5
Annual mean
(μg/m3)
Exceedance
days

Vondelpark
2014
2015
2016

Westerpark
2014
2015
2016

Oude Schans
2014
2015
2016

23.32

24.10

23.32

29.83

28.70

28.00

0

0

0

0

0

0

20.39

18.38

18.33

19.35

18.01

20.98

7

8

2

7

6

2

14.95

12.15

11.87

13.60

11.44

15.52

49

29

9

45

28

11

In Table 8, all values are below the limits for the background stations. For NO2 the 40 μg/m3 is
never reached as an annual mean, the same goes for the limit 1-hour mean value of 200 μg/m3.
For PM10, the EU limit value for the annual mean is 40 μg/m3 too, which is also not exceeded.
However, the WHO AQG for the annual mean is 20 μg/m3, which is reached in 2014 at
Vondelpark, and in 2016 at Westerpark. The latter is, however, only based on data from
January, February, May and June. This was the only available data at the moment of analysing.
All annual mean values are close to this 20 μg/m3. When looking at PM2.5, the EU annual limit
is not reached, but still all values are above the WHO AQGs (10 μg/m3). And even though the
EU did not set 24-hour mean limits, the WHO did. This value of 25 μg/m3 is exceeded several
times at both Vondelpark and Westerpark. Keeping in mind that the 24-hour mean of PM10 is
not allowed to be exceeded more than 35 times a year, the amount of exceedance days in
Vondelpark and Westerpark is substantial, especially in 2014. In 2015, this amount was already
lower.
23

3.2 Street stations
In this sub-chapter, the results for the street stations are presented. First the two stations along
the unilaterally built streets Stadhouderskade and Haarlemmerweg are discussed. The results
are presented in Table 9.
Table 9 Air pollution concentrations related to the limit values for the unilaterally build streets

Year
NO2
Annual mean (μg/m3)
Exceedance hours
PM10
Annual mean (μg/m3)
Exceedance days
PM2.5
Annual mean (μg/m3)
Exceedance days

Stadhouderskade
2014
2015
2016

Haarlemmerweg
2014
2015
2016

37.36
0

36.70
0

34.12
0

55.64
0

22.88
7

20.92
9

20.41
1

15.87
50

13.32
30

18.66
6

48.56
0

47.63
0

In contrast to the background stations, not all values are below limits. At the Haarlemmerweg,
the annual mean values of NO2 in 2015 and 2016 are higher than the limit value set by the EU
(indicated bold). The values at the Stadhouderskade are below this limit, but only about 10%.
The exceedance hour limit of 200 μg/m3 is never reached.
For PM10, measured only at Stadhouderskade, the limit values are not reached, and the amount
of exceedance days is smaller than 35. However, looking at the WHO AQGs again, the annual
mean values at the Stadhouderskade are still above 20 μg/m3. When looking at PM2.5, the EU
annual limit is not reached, but still all values are above the WHO AQGs (10 μg/m3). The
number of exceedance days was again high in 2014, but is declining.
The results for the two ‘street canyon’ stations, the Jan van Galenstraat and the Van
Diemenstraat, are presented in Table 10.
Table 10 Air pollution concentrations related to the limit values for the 'street canyons'

Year
NO2
Annual mean (μg/m3)
Exceedance hours
PM10
Annual mean (μg/m3)
Exceedance days
PM2.5
Annual mean (μg/m3)
Exceedance days

Jan van Galenstraat
2014
2015
2016

Van Diemenstraat
2014
2015
2016

45.34
0

42.47
0

40.67
0

38.01
0

36.02
0

33.82
0

20.04
9

22.19
2

25.12
12

23.58
10

22.21
1

16.56
59

15.62
47

22.65
6

Even though it would be expected that these values are higher compared to the previous
analysed stations, this is not particularly the case. Looking at the Van Diemenstraat, the annual
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mean values for NO2 are below EU limits. The same goes for the PM10 and PM2.5 annual means,
however, for the values are still high considering the WHO AQGs. Especially for PM 2.5, the
amount of exceedance days is high as well.
The Jan van Galenstraat shows better results for its PM10 values, but the NO2 annual mean is
too high (indicated bold). At both stations, there are no days when the 1-hour mean is exceeded.
The last stations investigated are Einsteinweg and A10-West, which are the highway stations.
The results are presented in Table 11.
Table 11 Air pollution concentrations related to the limit values for the highway stations

Year
NO2
Annual mean (μg/m3)
Exceedance hours
PM10
Annual mean (μg/m3)
Exceedance days
PM2.5
Annual mean (μg/m3)
Exceedance days

2014

Einsteinweg
2015
2016

51.44
0

45.25
0

46.78
0

24.00
12

22.40
10

24.21
2

15.74
54

14.42
32

17.04
11

2014

A10-West
2015

2016

23.97
16

21.42
11

20.11
3

The NO2 annual mean values at the Einsteinweg are too high during all years (indicated bold),
even though there are no exceedance hours. Also for PM10 and PM2.5, the results are high
looking at the WHO AQGs. For both highway stations the concentrations are above 20 μg/m3,
however, the 50 μg/m3 24-hour mean value for PM10 is not reached more than the maximum of
35 times. For PM2.5 measured at Einsteinweg, the 24-hour mean recommended value of the
WHO is reached more often.

3.3 Comparison
Looking at all the values, the annual mean EU limit for NO2 is exceeded at three street stations
(different types of street stations though). At no station the 1-hour limit is reached for NO2. For
PM10 and PM2.5, the EU limit annual mean values are never reached. However, at all the street
stations where PM10 is measured, the values are above the WHO AQG value of 20 μg/m3. At
the background stations these concentrations are slightly lower, but not that much. Therefore,
it can be said there is still room for improvement regarding the PM10 annual mean values. The
same goes for the PM2.5 annual mean values. The limit of 25 μg/m3 is never reached, but all
values were above 10 μg/m3, the guideline recommended by the WHO.
When comparing the different station types, the concentrations at street stations are higher
compared to concentrations at background stations for all compounds. The only exemption is
PM10, measured in 2016 at Westerpark, but for 2016 not all measurements are already available
or even measured at the moment of analysing. When only looking at the 2014 and 2015 values
for all stations and components, the values for 2015 were lower compared to 2014, except for
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the Vondelpark station in case of NO2. No clear distinction between unilaterally built streets
and street canyons can be made regarding their NO2 concentrations.
The times with highest concentrations were investigated as well. Results for NO2 (street stations
only) are presented in Figure 4.

Figure 4 Average NO2 concentrations per time for the five street stations

Highest NO2 concentrations were measured in the morning (from about 7.00-10.00 o’clock),
and a small increase can be seen for the values in the late-afternoon (from 16.00-19.00 o’clock).
At night, the concentrations are lowest (00.00-6.00 o’clock). During the peak hours the traffic
intensity is highest (rush hours), indicating a strong relationship between NO2 concentrations
and traffic intensity.
For PM10, the times with high concentrations slightly differ. These results are presented in
Figure 5.

Figure 5 Average PM10 concentrations per time for the four street stations
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Again, highest concentrations are visible in the morning (8.00-11.00 o’clock), but also the
concentrations until 17.00 o’clock are higher compared to the ones after. During the night the
concentrations are lowest as well. For PM10, the relation between high concentrations and time
is less easily visible compared to NO2. Only thing that is clear is the difference between day
and night concentrations.
Lastly, looking at the PM2.5 measurements at the street stations (see Figure 6), the highest
concentrations measured are again in the morning between 7.00 and 12.00 o’clock. What stands
out is the smaller peak measured around 00.00-01.00 o’clock during the night. This is different
compared to NO2 and PM10.

Figure 6 Average PM2.5 concentrations per time for the four street stations

Comparing the graphs for the three compounds, NO2 is stronger influenced by traffic compared
to PM, since the NO2 concentrations are fluctuating more around the rush hours. For PM, the
concentrations are higher during the day, but no special peeks during the rush hours are
observed. This is probably because these particles are so small, and therefore less easily
removed by precipitation or sedimentation, that they may stay longer in the atmosphere (days
till weeks) (Krzyzanowski, M., Bundeshaus, G., Negru, M. L., & Salvi, 2005). According to
the Luchtmeetnet, the weather is of large influence on PM concentrations. Traffic has an
influence too, which result in slightly higher concentrations during daytime compared to the
night8. When comparing both PM types, PM2.5 is more specific related to anthropogenic
combustion emissions (Janssen et al., 2013).

3.4 Share of traffic in these concentrations
The concentrations stated above are not only because of traffic. These concentrations depend
on the background concentration, on the local emissions, and on the ventilation time constant
(Van der Molen et al., 2016). Roughly said, C = Cbg + Clocal, in which Cbg is the background
concentration, and Clocal the local contribution. To estimate the share of traffic in the above

8

https://www.luchtmeetnet.nl/stations/noord-holland/amsterdam/alle-stoffen, retrieved September 27, 2016
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stated concentrations, first the background concentrations at these locations were estimated, for
which the GCN of 2015 was used. The results for all three particles are displayed in Figure 7,
in which the background concentrations are presented against the locations.

Figure 7 Background concentration per location in Amsterdam (2015), based on (RIVM, 2015)

In Figure 7, the background concentrations are kind of the same at all locations. The lines are
quite horizontal, especially for PM. For NO2, the values vary between 23.6 and 32.2 μg/m3
(27.1 μg/m3 on average). The average background concentration for PM10 is around 20.1 μg/m3
and for PM2.5 this lays around 12.4 μg/m3.
The values measured at background stations are also around these values, even though
sometimes the concentrations at the stations are lower than the background concentrations. This
might be because the background concentrations are available per kilometre, which is accurate
for a map of the whole country, but even a few metres closer to a road can cause a difference
in concentration. For each measurement point the background concentration of the grid it lies
within was used, so no exact point.
According to the NSL monitoring viewer, the local contribution exists out of an SRM2contribution, an SRM1-contribution and an aviation contribution (Schiphol). Last factor is
relatively small; 0.0 μg/m3 for PM and maximum 0.6 μg/m3 for NO2. Therefore, mainly the
SRM contributions influence the total concentrations (causing the difference with the
background concentrations). A distinguish is made between so-called SRM-1 (urban
environment) and SRM-2 (highway) roads. The Dutch NSL monitor calculates on these road
contributions at certain points, based on different factors like traffic intensity (light, middle,
heavy and bus), tree factor, tunnel factor and maximum speed. Again, the exact points used in
the above calculated concentrations are not available, but some close ones can be found for the
street stations (see Table 3 for the coordinates used).
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In Table 12, the measured concentrations (measured values by GGD and RIVM from Chapters
3.1 and 3.2) and the total concentrations calculated by the NSL Monitoring tool are presented
to compare. Also, the SRM contributions calculated (as part of the total concentrations) are
included in the table. The background concentrations are not included in the analysis of traffic
contribution. Concentrations here were very close to the background concentrations, and the
NSL Monitoring tool cannot calculate this properly at the background locations since all points
in this tool are located on roads. The GGD background stations are on average 266 meters away
from a local road (Dijkema et al., 2016).
Table 12 Measured concentration (GGD & RIVM) and total concentrations, SRM-2 and SRM-1 contribution (NSL
Monitoring tool) at the six street stations in 2015 (μg/m3) (Rijksoverheid, 2015)

Stadhouderskade

Haarlemmerweg

Jan van Galenstraat

Van Diemenstraat

Einsteinweg

A10-West

Measured concentration
Total concentration
SRM2-contribution
SRM1-contribution
Measured concentration
Total concentration
SRM2-contribution
SRM1-contribution
Measured concentration
Total concentration
SRM2-contribution
SRM1-contribution
Measured concentration
Total concentration
SRM2-contribution
SRM1-contribution
Measured concentration
Total concentration
SRM2-contribution
SRM1-contribution
Measured concentration
Total concentration
SRM2-contribution
SRM1-contribution

NO2
(μg/m3)
36.70
36.69
0.31
4.38
48.56
32.75
0.18
3.33
42.47
33.16
0.31
3.66
36.02
31.11
0.20
3.91
45.25
29.44
5.33
0.00
29.68
9.48
0.00

PM10
(μg/m3)
20.92
22.93
0.086
1.79
22.78
0.052
1.50
20.04
22.40
0.089
1.44
23.58
21.59
0.055
1.68
22.40
21.09
0.60
0.00
21.42
19.56
1.10
0.00

PM2.5
(μg/m3)
13.32
13.95
0.043
0.84
13.67
0.025
0.69
13.51
0.044
0.69
15.62
12.58
0.027
0.78
14.42
12.53
0.29
0.00
11.78
0.55
0.00

First thing standing out from this table is the difference in measured concentrations and total
concentrations. The points investigated in the NSL monitoring viewer are the results of a model
calculation, and not of a real measurement. Also, the closest points were used and not the exact
points, which might result in different. For NO2, the measured concentrations were higher in
all cases compared to the total concentrations in Table 12. For example, at Einsteinweg, the
annual mean in 2015 measured by GGD was 45.25 μg/m3 instead of 29.44 μg/m3; a difference
of more than 15 μg/m3. Therefore, the real traffic contribution to NO2 probably is higher too.
For PM10 and PM2.5 this differs; at some stations the measured concentrations were higher and
at some the total concentrations from the NSL calculations were higher.
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The average SRM1-contribution to NO2 concentrations at the four street stations in the centre
is 3.82 μg/m3 according to the NSL monitoring tool. Looking at the measured values, the
average NO2 concentration at these four stations in the centre is 40.94 μg/m3 and the average
background NO2 concentration is 27.1 μg/m3. This is a difference of almost 14 μg/m3 which
can be assigned to the local contribution, instead of only about 4 μg/m3. The contribution of
SRM2 depends on the location relative to the national road, and varies from 0.18 μg/m3 in the
urban environment to 9.48 μg/m3 on the highway. Since measured NO2 concentrations are
higher at all stations compared to the ones calculated by the NSL Monitoring tool, for both road
types the SRM contribution is expected to be higher as well.
For PM10, the SRM1-contribution in the urban environment is between 1.44 and 1.79 μg/m3 in
the city centre, the SRM2-contribution is small here. Again, on the highway, the SRM2contribution is higher compared to SRM1, but not as high as the contribution of SRM1 in the
urban environment. The contributions to PM2.5 concentrations from SRM1 and SRM2 roads
shows the same pattern as for PM10, the contribution is only about half of it.

3.5 Episodes
In order to check if and when there were episodes of high concentrations during these years,
the days showing high concentrations were analysed. This was done with the PM values
because the 24-hour limits were exceeded multiple times as seen in the previous subchapters.
In Figure 8, the PM10 concentrations for the stations Einsteinweg, A10 West and
Stadhouderskade are displayed as an example to show how concentrations differ over time.
Besides the same patterns, also some clear peeks can be seen here at all three stations at the
same time.

Figure 8 PM10 Concentrations Einsteinweg, A10 West and Stadhouderskade

30

When looking at the PM10 24-hour mean values higher than 50 μg/m3 for all stations, some
episodes of days with high concentrations can be seen. These dates are shown in Table 13.
For PM2.5, the episodes were investigated as well. First the data was sorted on values higher
than the 24-hour mean value of 25 μg/m3 (WHO AQG value) as a limit for high concentrations.
This resulted in much more exceedance days compared to PM10. Looking at the values above
40 μg/m3, a clear relationship with the episodes for PM10 was visible. Therefore, only these
values higher than 40 μg/m3 were used to analyse. The results can be found in Table 13.
Table 13 Periods of high values for PM10, PM2.5

PM10 concentrations > 50 μg/m3

PM2.5 concentrations > 40 μg/m3

January 30-31, 2014
March (9-)10, 2014
March 13-14, 2014
March 31 – April 3, 2014
February 12-16, 2015
March 17-19, 2015
October 3-5, 2015

January 30-31, 2014
March 9-10, 2014
March 13-14, 2014
March 31 – April 3, 2014
February 12-16, 2015
March 17-19, 2015
October 3-4, 2015

NO2 was not compared for the episodes, since this particle is removed fast from the atmosphere
and therefore it is hard to discover episodes of it.
When comparing these days for PM10 and PM2.5, the same days are showing high
concentrations. For PM2.5, often the days before or after the episodes mentioned are also days
with high concentrations, although not higher than 40 μg/m3. The highest concentrations for
PM2.5 are found at the days where PM10 also shows high concentrations.
Next to these episodes, there were also some single days that showed high values. For each year
this was January 1, related to the fireworks from New Year’s Eve. The other days were April
20, 2014, December 4, 2014, April 10, 2015 and January 6, 2016. Comparing these dates and
the ones in Table 13 with the peeks in Figure 8, the peeks correspond to the same dates.
To check if the weather had an influence as stated before, the weather results for the days with
high concentrations were compared. The KNMI results based on temperature, wind direction,
wind speed and humidity for the days of episodes can be found in Annex 3. By comparing this,
it could be seen that the weather was of influence. Most important was the wind direction and
speed. During all episodes, the wind came from the (South) East direction often, which may be
‘polluted’ wind from neighbouring countries, instead of cleaner sea air. The combination of
polluted air from neighbouring countries, and the pollution in The Netherlands itself, caused
high PM concentrations. The wind speed was low during the episodes; in all cases it was below
the average of 4.9 m/s (average 2003-2012 measured at Schiphol) (Dijkema et al., 2016).
Lastly, temperatures were often higher compared to the ‘normal’ temperature for those days
according to the KNMI, up to 7.5 ºC difference. Knowing these influencing factors, those PM
episodes can be predicted and (traffic) measures might be taken beforehand to not let it become
even worse.
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4. Health effects of NO2 and PM
It is known for centuries that air pollution caused by fossil fuel combustion affects human health
(Brunekreef, 2010). For NO2 and PM, limit values and AQGs were set up for both annual mean
values and 1-hour or 24-hour mean values. This is because there are different health effects
related to short-term and long-term exposure to these pollutants. Where short-term exposure
leads to acute health effects, long-term exposure may lead to chronic health effects (EEA,
2015). In this chapter, these health effects of NO2 and PM will be discussed. For both particles,
it will start with a description in general, followed by the effects in relation to the concentrations
mentioned in Chapter 3.
Besides mentioning the effects and the risk of getting this effect, the effects can be expressed
in terms of premature deaths or the Years of Life Lost (YLL).
Premature deaths are defined as deaths occurring before the age of standard life expectancy
for a certain gender and country is reached (EEA, 2015).
YLL are the potential years of life lost as a result of premature death. It is an estimate that takes
into account the age of dying, assigning higher weight to younger ages, and therefore it provides
more nuanced information compared to the premature deaths only (EEA, 2015).

4.1 NO2
4.1.1 General
NOx emissions, with as ambient pollutant NO2, can cause minor respiratory symptoms like an
irritated throat, excess phlegm and irritation of the eyes (McCubbin & Delucchi, 2003). Also,
NO2 is associated with low birth weight, lung cancer, nonaccidental and cardiovascular
mortality and reduced lung function growth in children (Faustini et al., 2014; Fischer et al.,
2015; van der Zee et al., 2016; WHO, 2006). According to the European Environment Agency
(EEA), NO2 exposure in 2013 attributed to 1,820 premature deaths in The Netherlands (annual
mean concentration of 21.3 μg/m3) (EEA, 2016).
Different cohort studies have been carried out to investigate the long-term health effects of air
pollution. These effects depend on the concentrations, but also on the location. A cohort study
for The Netherlands was recently done by Fischer et al. (2015). The relationship between longterm air pollution exposure and mortality was researched, for which seven million adults were
followed for seven years. Their study showed that every 10 μg/m3 increase in NO2
concentrations is related to non-accidental mortality (hazard ratio (HR) = 1.03), respiratory
mortality (HR = 1.02) and lung cancer mortality (HR = 1.10) (Fischer et al., 2015). The median
concentration used for these increases was 29 μg/m3, a concentration that is already exceeded
in Amsterdam at some places.
4.1.2 Amsterdam
As mentioned in the previous section, the limit values for NO2 are reached at three stations for
the annual mean limit; Haarlemmerweg, Jan van Galenstraat and Einsteinweg. The 1-hour limit
value was never reached. The annual mean NO2 concentrations differ a lot among the stations,
varying from about 23-28 μg/m3 at the street stations, to about 35 μg/m3 at the Stadhouderskade
and Van Diemenstraat, and even up to 48 μg/m3 at the three above mentioned stations. These
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exceeding concentrations are high, but the other concentrations can be of harm to our health
too.
In 2015 and 2016, the EEA researched the effect of NO2 on health, considering the
concentrations, geographical data and health-related data of 2012 and 2013, respectively. When
looking at their latest results for The Netherlands, using the concentrations of 2013, the annual
mean of NO2 was 21.3 μg/m3. This corresponds to 1,820 premature deaths, and a YLL value of
19,800 in the whole country and 118 YYL per 100,000 inhabitants (EEA, 2016). Amsterdam
has 842,343 inhabitants within the city proper (August 2016)9, which means about 1,000 YLL
for Amsterdam. It should be noted that the annual mean in Amsterdam is at the street locations
much higher (around 40 μg/m3). In 2012, when the annual mean value of 23.26 μg/m3 was used,
2,800 premature deaths we attributable to NO2 and the amount YLL was 31,000 years for the
whole country and 185 years per 100,000 inhabitants (EEA, 2015). This means about 1,500
YLL for Amsterdam, and at some places the concentrations are still almost twice as high.
The results of Fischer et al. (2015) showed the influence of a 10 μg/m3 increase, based on an
average concentration of 31 μg/m3. An increase in concentration by 10 μg/m3 lead to higher
risks for all mortality types. In Amsterdam, at some street stations, the concentrations with the
first 10 μg/m3 increase (compared to values of 31 μg/m3) are already reached. When these
concentrations can be decreased by for example 10 μg/m3, risks will decrease by either 2.9%
(non-accidental mortality), 2.0% (respiratory mortality) and 1.0% (lung cancer mortality)
(Fischer et al., 2015).
A specific research carried out for Amsterdam was done by Van der Zee et al. (2016). In their
research, the NO2 level of 2014 at the A10-West, 51.5 μg/m3, was compared to the level in the
cleanest part of Europe in Scandinavia, of 10 μg/m3. The difference of 41.5 μg/m3 resulted in
an increased health risk for low birth weight, cardiovascular mortality and lung cancer and a
higher percentage lung function decrement in school aged children. On average, health risks
when living near the Amsterdam highway are equivalent to 10.6 passively smoked cigarettes
per day (van der Zee et al., 2016).

4.2 PM10
4.2.1 General
PM is the most harmful pollutant released by motor vehicles (Delucchi, 2000). It is also a very
complex pollutant since it is a mix of solid and liquid particles suspended in the atmosphere,
including organic aerosols, nitrates, sulphates, and metals (McCubbin & Delucchi, 2003).
PM10 was also investigated in the cohort study of Fischer et al. (2015). The HR values for a 10
μg/m3 increase of PM10 were higher compared to NO2, namely 1.08 for nonaccidental mortality,
1.13 for respiratory mortality and 1.26 for lung cancer mortality. In addition, PM 10 was also
related to cardiovascular disease mortality, with an HR of 1.06 (Fischer et al., 2015).

9

http://statline.cbs.nl/Statweb/publication/?DM=SLNL&PA=37230ned&D1=17&D2=39,77&D3=118-119,131132,144-145,157-158,170-171,182-189&HDR=G2&STB=G1,T&VW=T, retrieved October 31, 2016
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In another Dutch study by Janssen et al. (2013), the short-term effects of PM10 were researched.
This study shows that a 10 μg/m3 increase of PM10 compared to the day before was significantly
related to mortality caused by cardiovascular causes (Excess risk (ER)=0.8%), pneumonia
(ER=0.2%), and COPD (ER=3.5%) and an ER in all-cause mortality of 0.6% (Janssen et al.,
2013).
4.2.2 Amsterdam
Before analysing the health effects of the concentrations mentioned in Chapter 3, first a sea salt
correction can be done to subtract a natural source. According to the Dutch law, this is only
allowed to be done when the annual mean value is exceeded, which was never the case for
PM10. However, looking at the health effects, current sea salt levels in The Netherlands are
never related to significant adverse effects (RIVM, 2012). The amount to subtract varies from
5 μg/m3 near coastal areas to 1 μg/m3 inland. In Amsterdam, 3 μg/m3 has to be subtracted from
the measured PM10 concentrations to get the annual mean value corrected for sea-salt, as
recorded in Annex 5 of the ‘Regeling beoordeling luchtkwaliteit 2007’. When correcting for
this, the concentrations at the background stations are about 16 μg/m3, and at the street stations
about 19 μg/m3, with the Van Diemenstraat as an exemption (21 μg/m3).
However, in the research by Fischer et al. (2015), this correction is not mentioned. The median
concentration they used, for 2012, was 29 μg/m3. This concentration is not reached in
Amsterdam the last 3 years as an annual mean concentration. Still, at all stations the 24-hour
mean limit value is exceeded about ten times a year. Therefore, it is interesting to look at the
short-term effects.
The WHO formulated interim targets for PM10, based on their AQGs. These targets are also set
up for the 24-hour concentrations values, presented in Table 14 (from (WHO, 2006), page 12).
Highest target level here is 150 μg/m3, in Amsterdam there are no values reached higher than
100 μg/m3. Values higher than 75 μg/m3 are reached a few times, even at the background
stations. This result in an increase of short-term mortality of about 1.2% compared to values of
50 μg/m3.
Table 14 WHO AQGs and interim targets for PM10: 24-hour concentrations (WHO, 2006)

Interim
(IT-1)

PM10
(μg/m3)
target-1 150

Interim
(IT-2)

target-2 100

Interim
(IT-3)

target-3 75

AQG

50

Basis for the selected level
Based on published risk coefficients from multi-centre studies
and meta-analyses (about 5% increase of short-term mortality
over the AQG value).
Based on published risk coefficients from multi-centre studies
and meta-analyses (about 2.5% increase of short-term
mortality over the AQG value).
Based on published risk coefficients from multi-centre studies
and meta-analyses (about 1.2% increase in short-term
mortality over the AQG value).
Based on relationship between 24-hour and annual PM levels.
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4.3 PM2.5
4.3.1 General
PM2.5 particles are more dangerous compared to previous PM10 particles because of their even
smaller size, resulting in a deeper penetration into the lungs (Krzyzanowski, M., Bundeshaus,
G., Negru, M. L., & Salvi, 2005). Information on this particle and the relation with mortality
rates is relatively spare, because there is limited measurement data available (Janssen et al.,
2013). Until 2001, PM2.5 was not measured in The Netherlands. In The Netherlands in 2013,
11,530 premature deaths were attributed to PM2.5 exposure (annual mean concentration of 14.3
μg/m3) (EEA, 2016), which is much more compared to the premature death attributed to NO2.
Health effects caused by PM2.5 are almost similar to PM10, even though the risks related to these
effects are higher for the same amount of increase in concentration. Janssen et al. (2013)
researched the short-term effects of PM2.5 too, specifically for The Netherlands. When there is
a 10 μg/m3 increase compared to the day before, this is associated with a 0.8% excess risk in
all-cause mortality, compared to 0.6% for PM10 (Janssen et al., 2013). Fischer et al. (2015) did
not assign PM2.5 because of the lack of data; they estimated the HRs for adverse health effects
by using a PM2.5/PM10 ratio of 0.66 for The Netherlands. This ratio was used from Cyrys et al.
(2013), who compared PM2.5 and PM10 mass in The Netherlands (Cyrys et al., 2003). Using
this ratio, HR values for all effects increased compared to PM10.
4.3.2 Amsterdam
As mentioned in the previous section, the EU annual mean limit values for PM2.5 are not
reached, but the WHO AQGs are. Their limit of 10 μg/m3 is exceeded at all stations. The same
goes for their 24-hour mean value of 25 μg/m3, sometimes even more than 50 times a year.
The research of the EEA on premature deaths and YLL attributable to air pollution in 2013 was
also carried out for PM2.5. The annual mean of PM2.5 used here was 14.3 μg/m3, corresponding
to 11,530 premature deaths in The Netherlands. The YLL were 125,200 for the whole country
and 746 years per 100,000 inhabitants (EEA, 2016). For Amsterdam this means an amount of
about 6,300 YLL when having the same mean concentration. In fact, this concentration is
slightly higher at all three street stations for almost every year.
The average PM2.5 concentration in Amsterdam is about 15 μg/m3. This means a value of 5
μg/m3 higher compared to the WHO AQGs of 10 μg/m3. Adverse health effects are shown
already 3-5 μg/m3 above this background concentration (WHO, 2013). In Table 15 (from
(WHO, 2006), page 11), the different Interim target-levels for PM2.5 are shown for annual mean
concentrations. With values of 15 μg/m3, the mortality risk is approximately 3% higher
compared to when their AQG value is met.
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Table 15 WHO AQGs and interim targets for PM 2.5: annual mean concentrations (WHO, 2006)

Interim
(IT-1)
Interim
(IT-2)
Interim
(IT-3)
AQG

PM2.5
(μg/m3)
target-1 35
target-2 25

target-3 15

10

Basis for the selected level
These levels are associated with about a 15% higher long-term
mortality risk relative to the AQG level.
In addition to other health benefits, these levels lower the risk
of premature mortality by approximately 6% [2–11%] relative
to the IT-1 level.
In addition to other health benefits, these levels reduce the
mortality risk by approximately 6% [2-11%] relative to the IT2 level.
These are the lowest levels at which total, cardiopulmonary
and lung cancer mortality have been shown to increase with
more than 95% confidence in response to long-term exposure
to PM2.5

These interim targets are also set up for the 24-hour concentrations values, presented in Table
16 (from (WHO, 2006), page 12). A value of 75 μg/m3 is used as highest target here, an amount
which was exceeded in Amsterdam once a year, resulting in an increase of about 5% in shortterm mortality compared to the AQG value. Values higher than 50 μg/m3 are reached multiple
times per year at all stations, causing an increase of about 2.5% in short-term mortality
compared to the AQG value.
Table 16 WHO AQGs and interim targets for PM2.5: 24-hour concentrations (WHO, 2006)

Interim
(IT-1)

PM2.5
(μg/m3)
target-1 75

Interim
(IT-2)

target-2 50

Interim
(IT-3)

target-3 37.5

AQG

25

Basis for the selected level
Based on published risk coefficients from multi-centre studies
and meta-analyses (about 5% increase of short-term mortality
over the AQG value).
Based on published risk coefficients from multi-centre studies
and meta-analyses (about 2.5% increase of short-term
mortality over the AQG value).
Based on published risk coefficients from multi-centre studies
and meta-analyses (about 1.2% increase in short-term
mortality over the AQG value).
Based on relationship between 24-hour and annual PM levels.
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4.4 Comparison
When looking at the concentrations and the health effects, NO2 and PM2.5 are the most
important pollutants to tackle. NO2 concentrations are at some locations too high, which can
increase the risk to several adverse health effects like lung cancer and mortality. In 2013, this
already led to 1,820 premature deaths, and 19,800 YLL in the Netherlands. For Amsterdam,
this means about 1,000 YLL at least, since concentrations are much higher than average here.
The WHO AQG annual mean values for PM2.5 are exceeded at every station, leading to a higher
risk for adverse health effect. PM2.5 is already a more hazardous compound because of the
smaller size, and the concentrations are also exceeding the limits more. Concentrations in The
Netherlands in 2013 led to 11,530 premature deaths and 125,200 YLL; much more compared
to NO2. For Amsterdam, this meant about 6,300 YLL.
Lastly, for PM10, the health effects are also serious, but the concentrations are relatively better
compared to the other compounds. The WHO AQG annual mean value is reached at all
background stations, but this exceedance is maximum about 20%. Also, this is based on the
values that are not corrected for sea salt.
Reducing the emissions of NO2 and PM by traffic may lead to a reduced risk in (among others)
mortality from circulatory diseases, respiratory diseases, cardiovascular diseases, lung cancer
and in non-accidental mortality. Lower NO2 concentrations also lead to less low birth weight
and less reduced lung function in children.
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5. Traffic options from a selection of cities including Amsterdam to
reduce NO2 and PM
Looking at the NO2 and PM concentrations in Amsterdam and their adverse health effects,
improvements are clearly needed to reduce air pollution. Since NO2 and PM2.5 are emitted most
by road transport (EEA, 2016), this sector will be investigated. This sector causes a
multidimensional problem, since it causes noise too and it requires a lot of public space. In this
Chapter, different smart traffic options will be assessed. It will start with an overview of the
current situation in Amsterdam and the current goals and measures in The Netherlands and
Amsterdam. After this, possible other options as introduced and tried out in other cities will be
presented in three categories: prohibiting measures, command measures and stimulating
measures.

5.1 Analysis of the current situation in Amsterdam
In Figure 9, the concentrations of NO2 for 2015 in Amsterdam are displayed on a map of the
city. In this figure, it can be clearly seen where the high polluted streets are. The ones indicated
with red dots are the Prins Hendrikkade (close to the central station), the Weesperstraat, the
Stadhouderskade and the IJ-tunnel. This also corresponds to the location of streets with high
traffic intensities (see Figure 10).

Figure 9 Concentrations of NO2 in Amsterdam in 2015 (Rijksoverheid, 2015)
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In Figure 10, the total traffic intensities in Amsterdam in 2015 are illustrated. Below, in Table
17, for the most intense streets the intensities at these streets are displayed. Besides the streets
mentioned in this table, also the national road has high intensities. These are the main streets to
focus on. However, it should be noticed that, when pollution decreases at other locations, this
will also affect the high polluted areas since the background concentrations here will decrease.

Figure 10 Total traffic intensities in Amsterdam in 2015 (Rijksoverheid, 2015)
Table 17 Streets with high total traffic intensities and their light, middle, heavy and bus intensities

Light
Haarlemmerweg
Jan van Galenstraat
Stadhouderskade
Gooiseweg
Piet Heinkade
IJ-tunnel
Prins Hendrikkade

21,000
20,000
21,500
15,000
20,000
20,250
12,000

Middleheavy
250
300
200
160
150
170
70

Heavy

Bus

250
300
200
1510
150
160
60

200
0
0
0
0
1100
1300
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In Table 18, the amount of motor vehicles in Amsterdam are presented, from 2012-2016. The
total number of vehicles in increasing. Where the amount of passenger cars and company cars
remained quite stable during the last four years, this total increase can be mostly explained by
the increase in motor bikes and mopeds. Last categories especially increased with highest
percentage, as can also be seen in Figure 11. However, also a smaller percentage increase in
passenger cars can mean an amount of 5,000 because of the high number. Passenger cars and
motor bikes/mopeds are therefore important categories to focus on.
Table 18 Number of motor vehicles in Amsterdam (adapted from Municipality of Amsterdam, 2016)

Total all vehicle types
Passenger cars
Total company cars
Total company motor cars
Vans
Trucks
Tractors for semi-trailers
Special vehicles
Buses
Motor bikes
All vehicles with moped license plate

2012
2013
2014
2015
2016
328488 333019 336153 336859 342051
225297 228764 230677 228691 231183
34766 33957 33493 33906 33856
24523 23749 23199 23482 23331
21018 20402 19868 20009 19910
1109
1063
1018
1096
1050
632
599
593
684
677
1436
1416
1447
1413
1411
328
269
273
280
283
16964 17344 17635 18009 18320
51461 52954 54348 56253 58692

Figure 11 Development of number of motor vehicle types, 2012-2016 (index; 2012=100). Data used from (Municipality
of Amsterdam, 2016)

The increase in motor bikes and mopeds, like scooters, goes together with an increase in the
use of bicycles, both results in busier bicycle lanes. Cycling is a very sustainable mode of
transport with zero combustion emissions, but this makes it less attractive to cycle. Besides this,
it turned out in 2013 that, at different locations, 81% of the scooters drives too fast, making it
also less safe (Municipality of Amsterdam, 2015a).
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Average amount of movements (day-1)

In Figure 12, the average amounts of movements per day are shown. This is based on
Amsterdam’s inhabitants from 12 years and older, who really travelled using the certain
method. The use of public transport is decreasing, while the use of cars increased in 2015 again.
Looking at the total amount of movements per day, 34% of traffic movements in Amsterdam is
by bike, compared to 25% by car, 16% by public transport and 23% by walking.
1,2
1
0,8
0,6

Public transport

0,4

Bicycle
Car

0,2

Walking

0

Year

Figure 12 Average amounts of movements per day. Data used from (Municipality of Amsterdam, 2016)

In Amsterdam, people are also travelling more (in terms of kilometres), which can be seen in
Figure 13. Especially the car is used for much more kilometres (an increase in kilometres of
almost 60% compared to 2013).

Average distance travelled (km)

60
50
40
Public transport

30

Bicycle
Car

20

Walking
10
0
2011

2013

2015

Year

Figure 13 Average distance travelled per person per day (km). Data used from (Municipality of Amsterdam, 2016)

What stands out in general for Amsterdam are the specific busy streets, the increase in passenger
cars and especially in motor bikes and mopeds, the decrease in amount using public transport,
and the higher distance people travel by car.
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5.2 Current goals and measures
The European Commission came up with a low-emission mobility strategy for its Member
States to guide them in responding to increasing mobility needs. The main elements of this
strategy are (European Commission, 2016):
1. “Optimising the transport system and improving its efficiency” (page 3);
2. “Scaling up the use of low-emission alternative energy for transport” (page 4); and
3. “Moving towards zero-emission vehicles” (page 6).
In The Netherlands, there are already (policy) measures to reduce emissions. NOx-emissions
from Diesel vehicles are actualised, as well as ride profiles (average speeds and driving
behaviour) to get better SRM-emission factors and for the national traffic emissions and the
maximum speed on highways is 130 km/h (speed policy).
The most important national measure in reducing NOx emissions from traffic is stimulation of
Euro 6 light vehicles 2011-2013. The most important national measure in reducing PM
emissions from traffic is stimulation of implementing soot filters in new Diesel vehicles 20052010. Implemented measures affecting both NOx and PM emissions are:
-

Subsidy program for Euro VI-trucks and –buses;
Increasing excise on Diesel by 3 cents and on LPG by 7 cents from 2014; and
Abolish the exemption on vehicle tax for old-timers (Velders et al., 2016).

Amsterdam is also working on improvements for their air quality already. The municipality
established goals for a ‘Sustainable Amsterdam’, which focusses amongst others on a clean and
healthy air. In the municipality’s agenda on sustainability, it is already mentioned that the
mobility approach is of great importance to improve its air quality.
The agenda primarily focusses on making the motorized vehicles cleaner. Their final goal for
these vehicles is to make as much as possible emission-free and to ensure the traffic uses the
most efficient way through the city. They want to achieve a maximum NO2 concentration of 30
μg/m3 at the most heavily loaded location in 2025, which is a decrease of 35% compared to
2015. In addition, the highest measured concentration of soot should be 30% lower compared
to 2015. The municipality states that, when both goals will be achieved, the measures taken will
automatically result in a decrease in PM10 concentrations as well. Therefore, there is no separate
target for PM10 set by the municipality (Municipality of Amsterdam, 2015b). In the end, they
want to have as much as possible traffic within the ring to be zero emitters in 2025 (Municipality
of Amsterdam, 2015b).
In order to actually reach these goals, several measures are compiled by the municipality of
Amsterdam. The measurements regarding road traffic are:
-

Implement a subsidy program for Electrical vehicles;
Implement a subsidy program for Euro6/alternative fuels;
Implement a ‘clean parking’ policy from April 2017 (refusing parking licences for old
cars);
Implement location-specific measures (related mainly to circulation);
Elaborate on a plan to reduce the remaining exceedances before 2018;
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-

-

Implement environmental zones:
o Delivery vehicles: at least Euro III diesel (vehicles from 2000 or newer) in 2017;
o Taxis: at least Euro 5-diesel in 2018; and
o Touring cars: at least Euro IV-diesel in 2018;
Zero-emissions public bus transport in 2026 (together with GVB);
Promote smart logistics by facilitating and stimulating 5 cargo hubs;
A prohibition of 2-stroke scooters by 2018;
Expand on public charging points for electrical vehicles up to 4,000 points in 2018; and
Investigate and monitor the most heavy loaded locations and implement measures
(Municipality of Amsterdam, 2015b, 2016).

5.3 Traffic options
In this thesis, traffic options are investigated to improve the air quality, and thus reduce air
pollution. These options are divided into three categories: prohibiting measures, command
measures and stimulating measures. To come up with these options, the main problems were
kept in mind, like the specific streets, the high amount of passenger cars and motor bikes, the
decrease in amount using public transport, and the higher distance people travel by car. Also,
the times at which concentrations are highest and the episodes are points to improve.
Table 19 presents an overview of all options and an example case-study where it is already
successfully implemented. The lessons learned from these examples can be kept in mind when
talking about Amsterdam. First the measure will be explained in general, followed by the
description of an example.
Table 19 Traffic options per category and example cases

Category
Prohibiting
Command
Stimulation

Option
Low Emission Zone
Restriction times
Congestion charging scheme
Improve public transport
Stimulation of cleaner vehicles
Shared mobility program

Example
Berlin
Florence
Singapore
Bus Rapid Transit (BRT) system in Bogota,
Trolley buses in Arnhem
EV Policy in Norway
Car sharing, Mobility as a Service

5.3.1 Prohibiting measures
A prohibiting measure prohibits people of doing something. Two prohibiting measures will be
discussed, a Low Emission Zone and a measure called Restriction Times. Both prohibit people
from entering a zone, whether or not for a specific time, when their car does not match the
regulations.
Low Emission Zone
The first measure discussed in this thesis is a Low Emissions Zone (LEZ). In the EU, NOx and
PM emissions decreased from 2000-2014. Besides aviation, all transport modes have a share in
this reduction. However, in 2014 there was an increase in NOx emissions of 3.3%. This first
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annual increase since 1990 is a result of an increase in transport activity and dieselisation of
passenger cars (EEA, 2016). Keeping in mind the contribution of passenger cars to NOx
emissions, and the fact that Amsterdam is still growing, restrictions on these cars can have its
influence on the air quality. In a LEZ, certain types of cars are not allowed to enter the zone
because of how polluting they are.
In Berlin, there is already a LEZ implemented. Since the EU AQGs were highly exceeded in
Berlin, they came up with this idea, which led to an improved air quality regarding their NO2
and PM10 concentrations (Strompen et al., 2012). Berlin is not the only German city; from
January 1, 2017, there are 54 Environmental Zones (‘Umweltzonen’) in Germany10. All zones
are marked with a sign like is presented in Figure 14a. The colours on the bottom indicate which
cars (of which emission classes) are allowed to enter the zone. In Figure 14b, these different
classes are shown. The classes are based on the European emission standards Euro 1-4.
Contravening these rules result in a fine of 80 Euros6.
a

b

Figure 14 Environmental zone sign and its emission classes, based on (Strompen et al., 2012)

First, from January 2008, only vehicles with a sticker were allowed to enter the zone. After this
phase, from January 2010 on, this was only the case for vehicles with green stickers or Euro 3
vehicles that cannot be upgraded with particulate filter. During the first phase, PM was already
reduced by 25% and NOx by 15% compared to the baseline scenario, which increased to a 58%
PM reduction and 20% NOx reduction compared to the baseline in the second phase (Strompen
et al., 2012).
LEZs can encourage early scrapping of old (polluting) vehicles, and therefore lead to amongst
other lower PM2.5 emissions (Maas & Grennfelt, 2016). When looking at Amsterdam, this type
of zones can be an option for old, polluting vehicles, but also for the high amounts of scooters.
Restriction times
In Amsterdam, specific times with high concentrations occur. For NO2 this is during the rush
hours, when the amount of traffic is high, and also PM showed high concentration in the

http://www.umweltbundesamt.de/themen/luft/luftschadstoffe/feinstaub/umweltzonen-in-deutschland#textpart10, retrieved December 20, 2016
10
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morning hours. In addition, there were also episodes of days with high PM concentrations.
Especially at those times and days, the control of emissions is important.
An example of a city with a solution to this is Florence. In Florence, they have a so-called Zone
a Traffico Limitato (ZTL), which is a restricted traffic zone. The historic centre of the city is
closed to traffic during specific times, except for taxis, buses and residents. Whether one is
allowed to enter the zone, is indicated by lights (see Figure 15).

Figure 15 Sign for the restricted traffic zone in Florence (from https://goo.gl/images/NZ2XgY)

A green sign means you are allowed to enter the zone, a red sign only when you have a permit.
When you enter, a camera will take a picture of your car and license plate, and when it turns
out you were not allowed to enter, you will get a fine. This account for the following times:
7:30 am – 8 pm on weekdays and 7:30 am – 4 pm on Saturdays. After these times, and on
Sunday, everyone is allowed to enter. However, during summer, the zone is also active on
Thursdays, Fridays and Saturdays from 11 pm – 3 am during the night because of the many
weekend events and many people enjoying nightlife11
Both prohibiting measures not only result in fewer cars, but also stimulate walking and cycling.
5.3.2 Command measures
A command measure is a measure people have to stick to, but it does not prohibit people from
doing something. An example is taxation on fuels; when you want to drive on fossil fuels, you
have to pay taxes. In this paragraph, a congestion charging scheme is discussed as a command
measure.
Congestion charging scheme
A measure that fits to the last one mentioned, in a more command form, is a congestion charging
scheme (CCS). Congestion charging is a type of road pricing, with prices related to the
congestion conditions; people have to pay a certain amount to enter a certain area (Amelsfort,

11

https://www.visitflorence.com/tourist-info/driving-in-florence-ztl-zone.html, retrieved December 20, 2016
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2015). When this method is used, the externalities are taken into account by the direct transport
users when they decide to make use of the road (the polluter of the area has to pay).
An example of a place where a CCS is implemented is Singapore. From 1975 on, drivers have
to pay when they enter the central area. Because of this system, traffic is reduced by 45% and
the number of vehicle crashes by 25%. Since 1990, also the ways to the centre are included in
the Area Licence System (ALS). In the first stage, much manpower was needed to amongst
other man the tollbooths and drivers had to wait to pass them. Therefore, nowadays an
Electronic Road Pricing (ERP) system is used (since 1998). A system in the vehicle registers
the movements of the car. Since this change, an additional 15% decrease in traffic took place.
Public transport usage increased from 45 to 65 percent of all commuters, which lead to a
reduction in emission too. Even though the system costed 125 million USD, the system paid
for itself and the revenue can be used for other improvements12.
Next to Singapore, also among others London, Stockholm, Milan, Gothenburg and Rome
implemented a CCS. NOx emissions were reduced by 8-13% in these cities (when data was
available), PM10 emissions by 11-19% (Amelsfort, 2015). Therefore, this option might be
effective for Amsterdam as well.
5.3.3 Stimulating measures
Stimulating measures are measures that stimulate people to change their usual behaviour and
by doing so emit less GHGs. Whereas the above-mentioned options were more related to
mobility management, stimulating measures can also be related to for example cleaner vehicles.
The stimulating options analysed are improving the public transport (to stimulate people to
travel by public transport instead of using their own car), stimulation of cleaner vehicles (to
stimulate people to switch to more environmental friendly cars or other vehicles), and the
stimulation of shared mobility services.
Improve public transport
As said before, 24% of traffic movements in Amsterdam are by bike, compared to 25% by car
and 16% by public transport. The percentage of bicycles is very high compared to the
percentage of public transport. To attract more people to use public transport, also instead of
using the car, there are opportunities for the public transport to improve.
One example of an improvement is a Bus Rapid Transit (BRT) system, which is implemented
in Bogota, Colombia. A BRT is a set of bus system design features which provide a costeffective, high quality transport service. Most important ones are separate bus lanes, for buses
only (see also Figure 16), a high-capacity service in which passengers have to wait maximum
10 minutes during peak periods, and high-quality vehicles13.

http://www.dac.dk/en/dac-cities/sustainable-cities/all-cases/transport/singapore-the-worlds-first-digitalcongestion-charging-system/, retrieved February 8, 2017
13
http://www.vtpi.org/tdm/tdm120.htm, retrieved December 16, 2016
12
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Figure 16 BRT 'TransMilenio' in Bogota (Source:
https://railforthevalley.files.wordpress.com/2009/07/transmilenio.jpg?w=450&h=359)

The new BRT in Bogota saves the passenger on average 223 hours annually, which also results
in the main reason for passengers to make use of it: an increase in speed. 9% of the users switch
from a private vehicle to the BRT system (Zhou & Smith, 2008). After the implementation of
the BRT in Bogota, NOx levels decreased by 18% and PM levels by 12% (Turner et al., 2012).
Another example is trolley buses. As the only city in The Netherlands, Arnhem makes use of
trolley buses driven by electricity. Therefore, these trolley buses compete with conventional
diesel buses. It is experienced here that, because of the good visibility of the trolley bus net and
the lower noise levels, the marked share for public transport has increased (Björklund et al.,
2000). Depending on the source of this electricity, these buses emit fewer pollutants than the
buses in Amsterdam right now.
Research done by Her et al. (2016) on the effect of bus ridership on PM10 concentrations showed
that in areas with greater bus ridership, these concentrations are lower. Therefore, they conclude
that urban and transport policies aiming to promote public transportation may be an effective
approach in reducing air pollution and improving air quality (Her et al., 2016).
Stimulation of cleaner vehicles
Cleaner vehicles (CVs) can improve the air quality by reducing the per-kilometre emission rates
through ‘greener’ alternative fuel vehicles and/or by improving the fuel usage efficiency
(Litman, 2013, 2015). Diesel engines for example produce very high levels of NOx and PM
(compared to gasoline vehicles). Even though newer engines have particulate filters reducing
the emissions, the diesel engines are still expected to emit higher levels of NOx compared to
other vehicles (Sperling, 2003). In Europe, 40% of the NOx emissions are emitted by the road
transport sector. A very large part, around 80%, of these emissions comes from diesel vehicles.
The part of NO2 in these NOx emissions is for diesels even far higher compared to NOx
emissions from petrol vehicles (EEA, 2015). Therefore, it would make sense to stimulate the
use of CVs too. This can be done by for example subsidies or discounts on taxes.
An example of a CV type is an electric vehicle (EV). Full Electric Vehicles (FEVs) do not
directly emit NOx or PM10 from the motor. They only emit 13 mg/km PM10 from wearing,
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compared to 17 mg/km emitted by petrol and diesel vehicles (see also Table 20). Diesel emits
by far most NOx, and PM10 is mostly emitted by wearing.
Table 20 Direct emissions per vehicle type (adapted from Verbeek et al., 2015)

Petrol
Diesel
Plug-in Hybrid*
FEV

NOx (mg/km)
21
365
15
0

PM10 motor (mg/km)
5
1
4
0

PM10 wear (mg/kg)
17
17
13
13

* 30% driving on electricity and 70% on petrol

The production of the fuel also leads to emissions and also the energy mix used plays a role in
the overall sustainability of the car. An overview of emissions as a result of a fuel type in mg/km
is presented in Table 21 (Verbeek et al., 2015). Table 21 shows that the indirect emissions
related to the production of petrol, diesel and electricity are high. The production of an
electricity mix leads to most emissions; even more than released during the production of petrol
and diesel. Even though these emissions will not be released in the centre of Amsterdam, this
should be kept in mind when looking at the overall sustainability.
Table 21 Emissions as a result of the production of a fuel type (adapted from Verbeek et al., 2015)

Petrol
Diesel
Plug-in Hybrid, green electricity
Plug-in Hybrid, electricity mix*
FEV, green electricity
FEV, electricity mix*

NOx (mg/km)
70
40
55
90
12
120

PM10 (mg/km)
7
4
5
7
1
5

* a delivery mix of grey and green electricity (65% grey, 35% green)

In Norway, the sale of these EVs rapidly increased due to multiple policies to increase the usage.
EV drivers are exempted from several taxes and they have some other privileges: they are
allowed to use the bus lanes in cities, they can park in the city centres for free as well as make
use of most toll roads and ferry connections for free and often battery charging is also for free
(Holtsmark & Skonhoft, 2014).
CV measures are easier to implement compared to management-related measures since only
direct changes have to be made (e.g. other vehicle design, installing catalysers). Therefore, they
only affect the direct emissions, instead of for example also decreasing the number of total
vehicles on the road. A combination of those kinds of measures would therefore have the best
overall result, and might also be an option for Amsterdam.
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Shared mobility services
The Royal Dutch Touring Club (ANWB) did a test in 2015 with 500 cars, in which it turned
out that cars are standing still for 23 hours per day14. Therefore, a lot of capacity is not used.
Shared mobility services are aiming to achieve sustainability in different (key) ways: better use
of available infrastructure and therefore a more efficient system, and higher vehicle occupation
(EEA, 2016).
There are different forms of shared mobility services. First the car sharing, in which people
share a car owned by one. It is a short-term service and they do not have to visit a rental
organisation. This type of shared mobility is rapidly growing in Europe, from about 210,000
members of car sharing systems in 2006 to more than 2.2 million members in 2014. Often car
sharing programmes cooperate with public transport. For example, in Copenhagen members of
a car share system can rent a 100% EV with their public transport card (EEA, 2016).
Another upcoming shared mobility concept is Mobility as a Service (MaaS), which refers to
buying mobility services based on consumer needs. Via a MaaS system “consumers can buy
mobility services that are provided by the same or different operators by using just one platform
and a single payment. The platform provides an intermodal journey planner (providing
combinations of different transport modes: car-sharing, car rental, underground, rail, bus, bike
sharing, taxi), a booking system, a single payment method (single payment for all transport
modes), and real time information.” (Kamargianni et al., 2015, page 12). A feasibility study
done for a MaaS system in London showed that MaaS can be of high contribution to costssaving and reducing journey time and that it can provide better connections, reduce the traffic
jams and has a reduction of transport pollution as an indirect result (Kamargianni et al., 2015).
During a test in Gothenburg, it came out that one of the main challenges for setting up a MaaS
system is to convince public transport parties about the benefits of participating in the system
for them (EEA, 2016). This is important, since it is not the intention that citizens use less public
transport and therefore the system leading to an increase in emissions.
Shared mobility in general potentially lowers the average age of vehicles (since they are used
more intense), leading to the uptake of new and cleaner vehicles. Besides this, the space is used
more efficient, which might result in more cycling and walking. An overview of the advantages
of car sharing is presented in Box 1.

14

http://www.anwb.nl/auto/nieuws/2015/april/connected-car-proef-anwb, retrieved December 16, 2016
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Box 1. Advantages of car sharing
Advantages of car sharing, when all car and bus trips in a city are replaced by fleets of
shared vehicles:
 37% less total vehicle-kilometres;
 No congestion;
 Traffic emissions will reduce by one-third;
 Only 3% in size of today’s car fleet would be needed; each car will run almost
ten times more kilometres compared to today;
 A faster uptake of new and cleaner vehicles since life cycles of cars will shorten,
resulting in less emissions;
 Less area needed for parking lanes, which can be used to increase liveability.
New or wider bike lanes and sidewalks can be created; and
 It will be cheaper to move and easier, as there will be more possibilities
regarding starting and final destinations.
(Based on EEA, 2016c)

However, the flexibility, comfort and availability of owning a car are not present in this ideal
picture. These are the three points shared mobility has to compete with compared to having a
private car.

50

6. Proposed options of reduction measures for Amsterdam
In this chapter, the possibilities of the options stated above for Amsterdam are analysed. Their
estimated potential to improve the air quality is the main criteria, which is also related to the
estimated resulted reduction in premature deaths and YLL. Also, regarding their feasibility,
their estimated time to introduce and amount of money are taken into account. The chapter will
finish with a comparison of all options.
As a baseline, the concentrations at the six street stations for 2015 were used (Table 12), which
is summarized again in Table 22 below.
Table 22 Baseline scenario: calculated concentrations at six location points in 2015 (NSL Monitoring tool)

Location point
Stadhouderskade
Haarlemmerweg
Jan van Galenstraat
Van Diemenstraat
Einsteinweg
Amsterdam-A10-West

NO2
(μg/m3)
36.69
32.75
33.16
31.11
29.44
29.68

PM10
(μg/m3)
22.93
22.78
22.40
21.59
21.09
19.56

PM2.5
(μg/m3)
13.95
13.67
13.51
12.58
12.53
11.78

6.1 Prohibiting measures
Low Emission Zone
Firstly, Amsterdam already introduced a LEZ in 2010. Euro 0, Euro 1, Euro 2 and Euro 3
vehicles without a diesel filter are not allowed to enter this zone. In Table 23, the classification
rules for dividing cars into these Euro classes are shown. The higher the number, the lower the
emissions of polluting sources are. The area of the LEZ in Amsterdam is shown in Figure 17.
Table 23 Classification EURO classes (https://www.milieuzones.nl/toegang-basis-het-milieuzonebord)

Date of first admission
< July 1, 1992
July 1, 1992 – October 1, 1995
October 1, 1995 – October 1, 2000
October 1, 2000 – October 1, 2005
October 1, 2005 – October 1, 2008
> October 1, 2008

Motor of the truck is considered as:
Euro 0
Euro 1
Euro 2
Euro 3
Euro 4
Euro 5

From 2007-2008 the concentrations were measured, and afterwards compared to the
concentrations measured from 2009-2010. This resulted in a decrease in the contribution of
traffic to the roadside site concentrations: 4.9% for NO2 (2.65 μg/m3) and 5.8% for PM10 (1.67
μg/m3) (Panteliadis et al., 2014). This already shows that a LEZ can have an effect in
Amsterdam in statistically significantly decreasing NO2 and PM10 concentrations.
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Figure 17 Amsterdam city map with indicated LEZ. Monitoring stations S (street station Jan van Galenstraat) and B
(background station Vondelpark) are also indicated. (Panteliadis et al., 2014)

The NSL-Monitoring tool has one emission factor per vehicle type per speed type, there is no
difference made in for example diesel/petrol. Independent of the fuel type, all passenger cars
fall under light vehicles. Therefore, it was not possible to make this distinction in Euro types.
Simulating the effect of a LEZ was therefore done by excluding all the heavy vehicles from the
centre, (set the intensity of heavy vehicles to 0 when the maximum speed is ≤ 70 km/hour).
This means that when the maximum speed is 80 km/hour or higher, which is the case at the
Ring, the heavy vehicles are still allowed. With this simulation, the effects of excluding heavy
vehicles from the centre can be explored and compared to the effects of other measures. The
results in concentrations (for 2015) at the six street stations are presented in Table 24.
Table 24 LEZ results, simulated by excluding the heavy vehicles (intensity heavy vehicles = 0) when max speed < 80
km/h (calculations NSL Monitoring tool)

Location point

NO2
(μg/m3)
Stadhouderskade
36.15
Haarlemmerweg
31.90
Jan van Galenstraat
32.22
Van Diemenstraat
30.52
Einsteinweg
29.43
Amsterdam-A10-West 29.68

PM10
(μg/m3)
22.87
22.68
22.29
21.52
21.09
19.56

PM2.5
(μg/m3)
13.92
13.62
13.46
12.54
12.53
11.78

As can be seen, there is (almost) no difference in concentrations at the two highway stations,
but the intensities here also did not change. For NO2, there is a decrease at the street station
locations varying from 1.5-2.8%. For PM10 the concentration at these street stations decreased
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0.26-0.49% and for PM2.5 0.22-0.37%. A LEZ usually also effects the passenger cars, and thus
the light vehicle category. A simulation with this category intensity is performed as well, and
can be read in Chapter 6.3 (Stimulation of cleaner vehicles).
The time to introduce a LEZ is expected to be relatively low. In Utrecht, it took a year to
introduce a LEZ (Municipality of Utrecht, 2016). The costs are considered as moderate, since
there are costs for enforcement and for example the placement of cameras to check this
enforcement. However, since Amsterdam is already working with an LEZ, costs for a stricter
LEZ are not expected to be much higher.
Co-benefits of this measure are reduced traffic volume, an accelerating fleet renewal and the
introduction of CVs, raising awareness of the effect of traffic on air pollution, reduction of noise
and reduced fuel consumption.
Restriction times
Restrictions can be based on a specific vehicle type like in the LEZ, but it can also work with
periods in time. In this form, it is often implemented during specific events or during days with
high air pollution episodes. It works best in this form (when only implemented several times a
year) because of the general low acceptance and high risk of circumvention.
It was not possible to simulate the effects of this measure in the Monitoring tool since this tool
works with annual average values. Also, the effects of this measure have not been evaluated
extensively and the evidence differs. Therefore, nothing can be said about the improvement of
the air quality. However, when there is an episode of air pollution, it might have a positive
(short-term) effect on the air quality. The ability of this measure to improve the air quality is
therefore considered as moderate – low. It will probably not have a large effect on the overall,
annual average concentrations, but it might be effective in reducing the peaks. The costs for
such a system are considered to be high; especially if the system is not used often it is not
expected to be cost-effective. The same goes for the time to introduce, compared to the other
measured this is also expected to be long.
Co-benefits of this measure are a reduction of health costs, reduced congestion and raising
awareness of the effect of traffic on air pollution.

6.2 Command measures
Congestion charging scheme
Congestion charging results in less traffic pressure, and therefore less pollution in the specific
zone. Prices can depend on vehicle type, time of the day and the distance. There is a positive
effect of congestion charging on the air quality, however, the size of the effect really depends
on the local situation. In dense areas, reduction is expected, but redistribution of the pollution
to surrounding areas has to be considered.
In London, the introduction of a CCS lead to a reduction in amount of traffic entering the zone
and a reduction of congestion by around 20%. In Stockholm, a charging zone lead to a reduction
in traffic of 20% as well (Amelsfort, 2015). The system in Singapore lead to a traffic reduction
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of 15%15. Amelsfort (2015) states that traffic volume may be reduced by 10-30%, depending
on the system design. To simulate this measure, a reduction of 20% for the categories light,
middle heavy and heavy vehicles and their stagnation factors was performed in the NSL
Monitoring tool. This was only done when the when the maximum speed is ≤ 70 km/hour to
simulate the effect for when the inner circle of the Ring acts as a congestion charging zone. The
results are shown in Table 25.
Table 25 Congestion charging results, simulated by multiplying light, middle heavy and heavy vehicle intensity and
stagnation factor with 0.8 (20% reduction) when max speed < 80 km/h (calculations NSL Monitoring tool)

Location point
Stadhouderskade
Haarlemmerweg
Jan van Galenstraat
Van Diemenstraat
Einsteinweg
Amsterdam-A10-West

NO2
(μg/m3)
34.99
31.39
31.68
29.68
29.42
29.68

PM10
(μg/m3)
22.57
22.48
22.11
21.26
21.09
19.55

PM2.5
(μg/m3)
13.78
13.53
13.37
12.42
12.53
11.78

Since this measure leads to a reduction in amount of traffic, a decrease in both NO 2 and PM
concentrations can be seen. Concentrations at the highway hardly changed, but in the centre the
NO2 concentrations deceased on average 4.5%, PM10 decreased 1.4% on average, and PM2.5
1.1%.
Investment costs and costs to the users are high, but with current usable systems these costs can
be reduced considerably. Also, since people have to pay for entering, (part of) the costs could
be recovered. According to (Amelsfort, 2015), it takes about 3.5 years to implement a CCS,
from feasibility study to the operational system.
Co-benefits of this measure are a lower traffic volume, leading to reduced congestion, less noise
and shorter travel times (which also leads to public acceptance). People are more likely to make
use of other modes of transport, like public transport. The revenue it generates can be invested
in modes like these. It also leads to raising awareness of the effect of traffic on air pollution.

6.3 Stimulating measures
Stimulation of cleaner vehicles
Electrical Vehicles do not directly emit PM or NO2 from their exhaust. However, they do emit
PM by other sources as wearing, just like conventional cars. EVs have a relatively high weight;
they weigh 24% more than a conventional vehicle. This causes an increase in the frictional force
and therefore the rate of tyre and road wear increase. In total, EVs emit 65.7 mg/km PM10,
compared to 66.0 mg/km for gasoline vehicles and 65.3 mg/km for diesel vehicles (so even
lower). For PM2.5, EVs emit 22.4 mg/km, compared to 23.3 mg/km for gasolines and 22.6
mg/km for diesels (Timmers & Achten, 2016). These numbers also include resuspension (50
15

http://www.dac.dk/en/dac-cities/sustainable-cities/all-cases/transport/singapore-the-worlds-first-digitalcongestion-charging-system/, retrieved February 8, 2017
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mg/km for EVs and 40 mg/km for gasoline and diesel vehicles (Timmers & Achten, 2016)),
causing the difference with previous numbers in Table 20.
Therefore, it is expected that EVs will not change the amount of PM emitted. To simulate the
effect on NO2 concentrations, a simulation was done by halving the intensity of light vehicles.
By doing so, the effect of replacing half of the light vehicle fleet by electric vehicles can be
explored. The results of this simulation are shown in Table 26.
Table 26 Cleaner vehicles results, simulated by halving the intensity of light vehicles (calculations by NSL Monitoring
tool). Only the results for NO2 are taken over, for PM the results of the baseline are used since this measure will not
affect PM concentrations.

Location point
Stadhouderskade
Haarlemmerweg
Jan van Galenstraat
Van Diemenstraat
Einsteinweg
Amsterdam-A10-West

NO2
(μg/m3)
33.07
30.12
30.47
28.06
28.01
26.81

PM10
(μg/m3)
22.93
22.78
22.40
21.59
21.09
19.56

PM2.5
(μg/m3)
13.95
13.67
13.51
12.58
12.53
11.78

The NO2 concentrations were reduced by 8.4% on average. The difference could also easily be
seen in the map (see Figure 18). There are no red dots on visible anymore.

Figure 18 Map showing NO2 concentration in Amsterdam for 2015, baseline (left) compared to intensity light vehicles
divided by 2 (right)

The overall sustainability of EVs also depends on the source of electricity used. Investment
costs for the car are in general higher than for a motor vehicle, which makes it a rather expensive
measure. However, form a municipality point of view the costs are considered to be low, since
they already implemented many reload spots in the city (Municipality of Amsterdam, 2015b).
The time to introduce is therefore also expected to be low.
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More CVs lead to reduced fuel consumption and thus less GHG emissions. Co-benefits are less
maintenance and less noise pollution.
Improve public transport
In order to improve the public transport, an option for Amsterdam is to renew their bus fleet,
and change to electric buses like the trolley buses in Arnhem. Therefore, a simulation was done
by lowering the intensity of buses to 0 to simulate this. In the Monitoring tool, public transport
buses are a separate category with its own emissions standards. When changing to electric
buses, the emission factor of this category for NO2 becomes 0, which can be simulated by
setting the bus intensity to 0. As explained in the section before, PM concentrations will not be
affected by this measure if the amount of buses stays the same. Therefore, PM concentrations
as in the baseline scenario are taken over. The results are shown in Table 27.
Table 27 Improving public transport results, simulated by excluding all buses (intensity buses = 0) (calculations by NSL
Monitoring tool). Only the results for NO2 are taken over, for PM the results of the baseline are used since this measure
will not affect PM concentrations.

Location point
Stadhouderskade
Haarlemmerweg
Jan van Galenstraat
Van Diemenstraat
Einsteinweg
Amsterdam-A10-West

NO2
(μg/m3)
36.69
32.71
32.72
30.77
29.44
29.68

PM10
(μg/m3)
22.93
22.78
22.40
21.59
21.09
19.56

PM2.5
(μg/m3)
13.95
13.67
13.51
12.58
12.53
11.78

When looking at the results, not a large change could be seen. However, when looking at the
map, there was a clear difference in another street, close to the central station. This can be seen
in Figure 19, in which the real 2015 situation is displayed on the left and the simulated results
when only bus intensity is set to 0 on the right.

Figure 19 Map showing NO2 concentration in Amsterdam for 2015, baseline (left) compared to bus intensity = 0
(right)
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From this Figure, there are less red and dark blue spots in the city centre when there are no
buses. The strongest difference can be seen close to the central station. First there was a red dot
in this street, corresponding to a NO2 concentration of 40.96 μg/m3 (and thus higher than the
EU limit value), while after removing the buses, this concentration became 36.36 μg/m3, and
lower than the EU limit value. This means a reduction of more than 11%. Therefore, improving
the buses and change to for example electric buses may be a good solution to improve the air
quality at places where there are lots of buses (standing still) resulting in high local air pollution.
Besides changing to electric buses, improving public transport can also be done by for example
a better transit system, leading to more people taking the bus or train (change in individual
preferences and travel pattern) and therefore less individual cars. This also leads to
improvements of NO2 and PM concentrations.
The costs for improving the public transport are considered to be moderate. It is an investment,
but it can also be earned back and the municipality itself does not have to cover all the costs
(also the public transport company). Compared to the other options, the costs are expected to
be somewhere in between. The same goes for the time to introduce; it does not have to take
years so the time to introduce is expected to be on the middle-term.
Co-benefits of a better public transport system and more public transport usage are reduced
traffic congestion, health benefits (when combined with active transport like walking and
cycling) and social inclusion when it is accessible to everyone.
Shared mobility
Not much research is available about the potential of car sharing in reducing emissions, but the
ones available are moderately positive. The reliability of the data is also considered as lowmoderate16. According to the International Transport Forum, total vehicle kilometres would be
reduced by 37% in their model city served by shared buses and taxis (ITF, 2016).
Therefore, a simulation with the NSL Monitoring was done by reducing the intensity of light
vehicles by 37%. This was done for light vehicles only since car sharing is mainly done with
passenger cars. The results are presented in Table 28.
Table 28 Shared mobility results, simulated by multiplying light vehicle intensity with 0.63 (37% reduction)
(calculations NSL Monitoring tool)

Location point
Stadhouderskade
Haarlemmerweg
Jan van Galenstraat
Van Diemenstraat
Einsteinweg
Amsterdam-A10-West

16

NO2
(μg/m3)
34.03
30.81
31.18
28.86
28.38
27.57

PM10
(μg/m3)
22.29
22.29
21.92
21.02
20.93
19.23

PM2.5
(μg/m3)
13.65
13.44
13.29
12.31
12.45
11.61

http://www.joaquin.eu/Decision-Support-Tool/page.aspx/131, retrieved March 7, 2017
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The average NO2 reduction compared to the baseline is 6.2%, for PM these reductions are 2.0%
(PM10) and 1.6% (PM2.5). However, these results are very optimistic, since a reduction of 37%
is. Therefore, these reductions are the maximum reductions and it is not expected that
Amsterdam will be able to reach this reduction with shared mobility. This makes the effect of
shared mobility small, but it does have an effect on PM.
The estimated time to introduce is long, since it has to do with a change in behaviour. However,
when using existing cars, the costs are very low. The co-benefits were already shown in Box 1.

6.4 Comparison of measures
All measures were tested against their emissions reduction potential, the time it will take to
introduce the measure and the amount of money involved for implementation (where possible).
In Table 29, the average reduction in percentage for each measure is presented.
Table 29 Estimated possible change in concentration of NO2, PM10 and PM2.5 (%)

Measure
LEZ*
Restriction times
Congestion Charging*
Improve public transport
Stimulation of CV
Shared Mobility
*Centre stations only

NO2 (%)
-2.20
-4.46
-0.42
-8.39
-6.18

PM10 (%)
-0.38
-1.43
-2.03

PM2.5 (%)
-0.32
-1.14
-1.61

Estimating the reductions of restriction times using this method is impossible. Therefore, this
field is empty. Looking at all measures, only measures that include an (expected) reduction in
number of vehicles lead to a reduction in PM: LEZ, congestion charging and shared mobility.
These measures are not most effective in reducing the NO2 concentrations, as an increase in
cleaner vehicles will lead to highest reduction here. Improved public transport, in this case
simulated by using electric buses, led to lowest overall reduction. However, the reduction at the
Prins Hendrikkade for the improvement of public transport measure was 11.2%. Therefore, this
measure is locally very effective.
When taking this emission reduction potential, and also the time to introduce and amount of
money involved into account, the overall results will be as presented in Table 30. The time to
introduce is the time it takes until the desired effect is reached; for shared mobility this is the
time until a significant number of people uses it. The amount of money involved is estimated
from a municipality perspective (not the costs for the user).
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Table 30 Comparison of the measures regarding emission reduction potential, time to implement and amount of money
involved

Measure

Emission/YLL
reduction potential

Time to introduce

LEZ
Restriction times
Congestion Charging
Improve public transport
Stimulation of CV
Shared Mobility

+/+
+
+
+/-

Short-term
Long-term
Long-term
Middle-term
Short-term
Long-term

Amount of money
involved (+ = cheap,
- = expensive)
+
+/+
+

Since restriction times are not researched well, this option is considered as having a low
potential in reducing the emissions. After this, the LEZ and shared mobility options have a
better potential. Both include PM as well as NO2. Shared mobility has a high potential, but not
for the very near future. Looking at the emission reduction potential, CCS, improving public
transport and stimulation of CV are the best options. A CCS has potential for all three
components, public transport improvements have a high local benefit potential and CVs are
effective in reducing NO2 emissions.
The time to introduce was harder to estimate, but in general it takes much time to introduce a
restriction time system (including the administrative part), set up a CCS, and until shared
mobility works efficient (which has to do with a behavioural change). Improvement of public
transport is expected to be reached faster. The measures that can be implemented soonest are
expected to be the LEZ (since there is already an LEZ that can be adapted) and the stimulation
of CVs. Last can be done with for example subsidies, and the municipality is already placing
more charging points.
Lastly, the amount of money involved was estimated roughly. Restriction times and congestion
charging are expected to be the most expensive systems to introduce. With a CCS, this amount
might be earned back because of the price people have to pay to enter. The improvement of the
public transport is expected to be costly as well, but not per se for the municipality. Also, this
investment can be earned back since people pay for their travel. The cheapest options from a
municipality point of view are the LEZ (since there is already an LEZ that can be adapted),
stimulation of CV and shared mobility promotion. Stimulation of CV is costly, but there are
already multiple reload spots in the city. Main costs for the investment in a CV are for the user.
When comparing this, first of all the improvement of public transport is a good measure to
implement when improving the local air quality near the station. This is also exact the area
where the concentrations stay highest when looking at the stimulating CVs option (Figure 18).
A combination of these would be beneficial. However, since the options only have an impact
on NO2 concentration in the form analysed, also a stricter LEZ is expected to have a positive
effect on the air quality. The same goes for shared mobility, even though this is more an option
for the future and people have to get used to this idea. The CCS and restriction time measures
are considered less feasible for now, because of the longer amount of time needed to implement
and the more money involved.
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7. Discussion and conclusions
This research investigated the NO2, PM10 and PM2.5 concentrations in Amsterdam, the part
emitted by traffic, the associated health effects and options to control the emissions. This
chapter discusses the results and methods use. First, the uncertainties in the methods used are
discussed and the influence of these uncertainties on the results. After this, some
recommendations for future research are given. The chapter ends with the conclusions that can
be drawn in this study, and puts the results in a broader perspective.

7.1 Discussion
Data used
Firstly, validated data from the GGD and RIVM were used to investigate the (trends in)
concentrations in Amsterdam at nine data points in the city centre. Data from January 2014
until June/September 2016 was available for doing this. This enabled to calculate the trends for
2014 and 2015, but for 2016 unfortunately insufficient measurements were available. The
annual averages for 2016 mentioned are not based on a large amount of measurements and
therefore the values of 2015 were used later on for comparing the measures. Also, even though
enough measurements were available to calculate the annual average for 2014 and 2015,
sometimes there were not enough measurements on one day to calculate the daily average with
at least 22 measurements. This resulted in less exceedance days at some stations, even though
the average with the (small) amount of measurements was higher than allowed. Probably the
situation in Amsterdam is even more bad regarding the amount of exceedance days. The link
of the concentrations with the weather conditions was also studied, but only shortly on a
minimum number of criteria. It looks like PM is influenced by the weather; this relation can be
researched more in depth.
Main point of discussion regarding this data is the difference between the measured values by
the GGD and RIVM and the calculated values by the NSL Monitoring tool. The measured
values were often significantly higher (see also Table 12). This was also shown by other
research on NO2 in Amsterdam (Wesseling & Nguyen, 2014), after which it is already suspected
for a longer time that the traffic emissions in Amsterdam are higher than assumed for the
national calculations. Where the GGD/RIVM uses a top down approach (measuring the
concentrations), the NSL uses a bottom up approach and calculates the concentrations based on
several factors. It would be good if the factors used by the NSL Monitoring tool like traffic
intensity and emission factors would be checked. Especially for the emission factors, which are
the same for the whole country. Even though they are updated every year, there is no difference
in emission factors for different types of passenger cars and the vehicle composition might also
differ in other places. Because of this difference no hard conclusions were drawn about possible
final concentrations after the implementation of a measure; the concentrations from the NSL
Monitoring tool were used to compare the different options and therefore this limitation did not
influence the results of the ranking.
The exact nine points were also not available as a measurement point in the NSL Monitoring
tool. The NSL Monitoring tool only works with points on the road, therefore the background
stations were not available in the tool at all (assuming there is no local influence at these
stations). With the coordinates of the nine locations, the points that are most close were
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determined. It is realised that this might result in small uncertainties, but the best possible
solution was chosen by using the closest points in the tool. Since concentrations were estimated
before and after implementation on the same point, a good comparison could be done.
Health effects
When looking at the health effects of the particles, not that much specific research is done. It
cannot easily be said that a certain increase/decrease leads to a certain amount more ill or dead
people. This also depends on the area, how many people there are living, health-related data
and the concentrations. Therefore, the conclusions made in Chapter 3 are estimates for
Amsterdam. There was no specific research available for Amsterdam and about number of
people hospitalised because of the air quality. Also then, when someone gets hospitalised
because of e.g. lung cancer, the reason is not always directly clear and can be because of a
combination of factors. More specific research for Amsterdam is needed to come up with hard
conclusions about the effects of air pollution for Amsterdam. However, it is researched in
general that higher concentrations of air pollutions lead to a higher risk on adverse health
effects, so it is wanted to decrease the high concentrations in Amsterdam.
Measures and the NSL Monitoring tool
In this thesis, traffic options to improve the air quality were investigated and compared on
several aspects. First this was done on their possible impact in reducing emissions. Since the
baseline concentrations from the tool already differed from the measured concentrations, it was
not possible to estimate the real final concentrations using the tool. Therefore, the reduction in
percentage was compared between the different measures to investigate which measures might
have the highest impact.
Although the NSL Monitoring tool has some simplifications, its results are well validated. Still,
it has its limitations. First, it is assumed that the concentration in the box are well mixed (Van
der Molen et al., 2016), but for example wind may lead to different concentrations on the other
side of the street. Detailed meteorological information is also not included in the tool.
Furthermore, the ‘boxes’ are not coupled to each other; each point is linked to a certain road
segment or segments, but there is no exchange between them (Van der Molen et al., 2016).
Lastly, the tool only simulates annual average concentrations. This made it possible to explore
the effect on the annual averages, but it made it hard to simulate the effects of options like
restriction times. The only factor adjusted was the traffic intensity (which was also used to
simulate a change in emission factor) and stagnation factor. Other components, like tree factors,
were remained the same, to really investigate the effects of that one change (expecting the
surroundings stay the same).
To simulate the measures, assumptions on the influence of them on e.g. traffic intensity and
emission factors had to be made. This was based on (estimates of) examples of other cities. For
Amsterdam, the real effect might differ because of other (location specific) factors, like a
difference in concentration before implementation or a difference in traffic intensity. However,
best estimates for Amsterdam could be made by using existing examples and doing so the
measures could be compared.
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The measures that came out as best options were the stimulation of public transport, stimulation
of CVs and a LEZ. First two options were simulated with electric vehicles, assuming zero NO2
emissions and no change in PM emissions. However, when really assessing the benefits of EVs,
it should also be investigated whether EVs replace conventional cars or are used in addition to
these. In Norway, indications show that EVs may often be used as an additional car. Those
policies might probably lead to households buying more cars and driving more (Holtsmark &
Skonhoft, 2014). Therefore, Holtsmark & Skonhoft (2014, page 167) conclude that the policy
is not a good one. They state that “The solution to the GHG problem of the transportation sector
in the next few decades in a world in which the GDP and population growth are the main drivers
of the road traffic volume is not to offer subsidies making it cheaper to buy and run EVs, or
other alternatives, but to introduce more taxes and restrictions on car use”.
The LEZ was only simulated by excluding the heavy vehicles from the centre (trucks and
tractors, since they were still there). There was no distinguish in light vehicle types, but when
such a zone also excludes types of light vehicles (like old diesels), their intensity will lower as
well. Therefore, the benefits of an LEZ are expected to be even higher.
Other limitations and suggestions
Due to time and resource limitations, not all factors influencing the success of a measure have
been analysed extensively. Economic feasibility was mentioned, but the research done on this
was more a ‘quick scan’. Calculating the real costs would take more time and more knowledge
on this aspect. This is recommended when further exploring the possibilities. A change in
economic feasibility might influence the future implementation.
Lastly, only six measures were analysed. In the future, more measures might be analysed to
update the results. These could be for example planning options like exploring the effects of
building an extra IJ tunnel to spread the circulation or making more cycling lanes. Motor bikes
and mopeds are also used more often in Amsterdam, and research by the GGD showed how
harmful these vehicles are for cyclists (Zuurbier et al., 2017). Again, it was not possible to do
a simulation with these vehicles because of the scope of the tool. There is no separate vehicle
group with them, and the tool only used annual averages. Their effect on the annual average is
still expected to be low, but restrictions on the scooters/mopeds can lead to better health for
cyclists and lead to less accidents (because of irresponsible driving behaviours).

7.2 Conclusions and recommendations
In my study, the NO2, PM10 and PM2.5 concentrations in Amsterdam were analysed and the
influence of traffic in these concentrations and the related health consequences. To improve
this, smart traffic options were assessed and compared in their potential to improve the air
quality regarding these compounds.
To assess the to assess the trends and peaks in peaks in NO2, PM10 and PM2.5 caused by traffic
in Amsterdam, nine stations were analysed of which three background stations and six street
stations. EU limit values were exceeded at three street stations for NO2 only and the 1-hour
limit was never reached. For PM10 and PM2.5, the EU limit annual mean values are never
reached. However, at all the street stations where PM10 is measured, the values are above the
WHO AQG value of 20 μg/m3. For PM2.5, the WHO AQG of 10 μg/m3 was exceeded at all
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stations, including the background stations. Therefore, the concentrations of all three particles
can be improved; NO2 to reach the EU limit values, and all three to reach the WHO AQG values.
PM episodes with exceptional high concentrations were often related to the weather conditions.
The contribution of traffic to emissions of these particles is visible when looking to the
concentrations per time; all three particles show a peak in the morning. For NO2 this traffic
influence looks strongest, PM is less easily removed and may stay longer in the atmosphere.
When comparing the concentrations to the GCN background concentrations, there was a
difference in concentration caused by the local contribution. Therefore, the share of traffic in
these concentrations is on average for NO2 between 4 and 14 μg/m3 (SRM1-contribution as
minimal, difference background concentration and measured value as maximum). At
Haarlemmerweg this might even be up to 22.5 μg/m3. PM emissions from traffic are estimated
to be smaller; about 1.6 μg/m3 for PM10 and 0.75 for PM2.5 μg/m3.
These concentrations lead to several health effects, like mortality from circulatory diseases,
respiratory diseases, cardiovascular diseases, lung cancer and non-accidental mortality and high
NO2 concentrations may also lead to low birth weight and reduced lung function in children.
Especially PM2.5, which can penetrate deeply into the bloodstream, led to higher amounts of
premature deaths and YLL in The Netherlands in 2013. Therefore, even though NO2
concentrations are way too high at some points, also reduction of PM concentrations is
important.
To came up with possible options or policy measures to reduce polluting traffic, first the
situation in Amsterdam was explored. This showed the location of specific busy streets and an
increase in amount of passenger cars and especially in motor bikes and mopeds from 2012 on.
Also, a decrease in the amount of movements by public transport since last years was seen and
people have travelled much more kilometres by car in 2015 compared to 2011 and 2012.
Based on this situation, six traffic options were analysed and compared to investigate to which
extend they can improve the NO2 and PM concentrations in Amsterdam: a low emission zone,
restriction times, a congestion charging scheme, improvement of public transport, stimulation
of cleaner vehicles and a shared mobility programme. Implementation of a LEZ, a CCS,
stimulation of CV and shared mobility programmes showed highest potential in reducing the
emissions. Of these options, the LEZ, CCS and shared mobility also showed a reduction in PM
emission since they lead to a lower number of vehicles in total. Even though improvements in
public transport (simulated by changing to electric buses) does not lead to a high decrease in
emissions on average for the 6 street stations, at a certain street close to the central stations it
showed a reduction in NO2 emissions of more than 10%. Therefore, also this option is
considered to have high potentials in lowering the concentrations in Amsterdam.
When considering the estimated time to introduce and amount of money involved, (a
combination of) improving the public transport, a stricter LEZ and stimulating CVs turn out to
be the best options for Amsterdam on the short-term. Cleaner public transport can improve the
air quality at specific problem locations in Amsterdam, CVs have a high potential in reducing
NO2 emissions and a LEZ also leads to fewer PM emissions. The latter is especially important
regarding the health effects of PM.
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Annexes
Annex 1: Amounts of measurements per station and compound
Station
Vondelpark

Compound
NO2
PM10
PM2.5
Westerpark
PM10
PM2.5
Oude Schans
NO2
Jan van
NO2
Galenstraat
PM10
Van Diemenstraat NO2
PM10
PM2.5
Stadhouderskade NO2
PM10
PM2.5
Haarlemmerweg
NO2
Einsteinweg
NO2
PM10
PM2.5
A10-West*
PM10
* Values per day instead of per hour

2014
8318
8521
8348
8542
8537
8468
8553
8479
8364
8369
8038
8605
8384
8356
8365
8557
8609
357

2015
8626
8627
8524
8461
8185
8726
8644
8542
8616
8591
8432
8697
8543
8454
8714
8622
8533
7658
363

2016
3617
2856
2369
2819
1808
2883
2197
1445
1514
1443
455
2888
1425
914
1497
2923
2840
1780
273

Annex 2: Different measurement methods used by the GGD (Dijkema et al., 2016)
Component

Equipment

Principle

NO/NOx

Thermo 42i
API 200e
Metone BAM
1020

Chemiluminescence 10 seconds

PM10

PM2.5

Metone BAM
1020

Measurement
frequency

Beta weakening
Hourly
Check
with
gravimetry
Beta weakening
Hourly
Check
with
gravimetry

Accuracy in
the
annual
limit (95%CI)
± 9.9%
± 8.1%
± 13.0%

± 17.6%
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API 200e is a method that “calculates the amount of NO by measuring the amount of
chemiluminescence given off when the sample gas is exposed to ozone. A catalytic-reactive
converter converts any NO2 in the sample gas to NO, which is then measured as above
(including the original NO in the sample gas) and reported as NOx. NO2 is calculated as the
difference between NOX and NO.” (Teledyne Advanced Pollution Instrumentation, 2010).
The Metone BAM (Beta Attenuation Monitor) 1020 measures and records ambient PM mass
concentrations by beta ray attenuation (Met One Instruments Inc, 2008).
The validation of the GGD data is done in four steps (Luchtmeetnet, 2016):
1. A direct check by a computer. This step checks whether the equipment functioned
technically correct. 90% of the technical malfunctions are filtered by this process.
2. A monthly check by a validation employee. During this step, outcomes of different
stations are compared, as well as the relation between multiple components measured
by one station. After these two steps the data will become available on
www.luchtmeetnet.nl.
3. A check of the monthly mean values. This step provides a better overview when looking
at multiple monthly mean values.
4. An annual check. This step compares the yearly mean values of the stations with the
previous yearly value. Also, the calibration standards will be checked.

Annex 3: Weather conditions during PM episodes
Data used from http://projects.knmi.nl/klimatologie/daggegevens/index.cgi
Date
January 3031, 2014
March 910, 2014
March 1314, 2014
March 31 –
April 3,
2014
February
12-16,
2015
March 1719, 2015
October 35, 2015

Average
T (ºC)
0.2-2.7

Normal
T (ºC)
3.4

(main) Wind Wind speed Humidity Normal
direction
(m/s)
(%)
humidity (%)
(SS)E
4.0-4.8
84-86
88

0.5-10.9

5.0

E

4.1-4.6

64-79

86

6.3-8.6

6.1

N, W

1.7-3.6

78-92

84

12.8-14.6 7.1-8.1

E(NE)

2.2-3.4

66-78

79-81

1.3-6.9

2.9

E(SE)

2.3-5.5

78-87

85

5.5-8.3

6.1

N

2.2-4.2

77-96

84

SE

2.3-3.8

86-92

86

11.2-13.1 12.6

68

