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Introduction 
 

The discussion about urban air quality has been 
dominated in recent years by the issue of particu-
late matter (PM). Measures to reduce PM have 
been initiated and put in place on all levels. At the 
same time, the fact that from 2010 two air-quality 
limit values for nitrogen dioxide (NO2) will have to 
be complied with in the EU [EU 1999] has taken 
something of a back seat: 

• The 1-hour mean value of 200 µg/m³ – i.e. the 
maximum concentration of a pollutant at a 
monitoring station averaged over an hour – 
which in future may not be exceeded more 
than 18 times a year.  

• The annual mean value of 40 µg/m.³ 

These values were set back in 1999 as the mini-
mum required to protect human health.1 Nitrogen 
dioxide has different effects: it can, for example, 
cause irritation to the mucous membranes in the 
respiratory tract and increase the risk of infection. 
NO2 can cause poor development of the respira-
tory system in children and weaken their resistance 
to infection. In the opinion of the World Health Or-
ganisation (WHO), current research findings would 
justify lowering the annual mean value still further. 
However, since the WHO also believes that this is 
not yet sufficiently underpinned scientifically, their 
latest update to the Air Quality Guidelines do not 
propose any further reduction in the values at the 
present time [WHO 2006]. 

The European Commission, Council and Parlia-
ment also support this opinion. The new Air Quality 
Directive due to come into force in summer 2008 
will therefore retain the existing air-quality limit val-
ues for nitrogen dioxide without change. Under 
certain conditions and in particular situations, it will 
                                                      
1 Switzerland and Austria have stricter limit values 
for nitrogen dioxide. The annual limit value there is 
30 µg/m3 

also be possible to request for an extension of the 
deadline for compliance with the limit values until 
2015 [EU 2007]. 

In Germany, the future 1-hour mean value was 
found to have been exceeded at only a small num-
ber of sites. By contrast, the future annual limit 
value is currently being exceeded at very many 
monitoring stations near traffic sources. No clear 
positive trend can be identified. Reduction in NO2 
concentration is therefore crucial if compliance with 
the limit values is to be achieved by 2010. Recent 
legal decisions on particulate matter have once 
more clearly spelt out the fact that members of the 
public can invoke a right to the implementation of 
measures to comply with limit values for particulate 
matter (“protection of third parties”) [BVG 2007]. If 
limit values for nitrogen dioxide are exceeded, 
similar judgements are to be expected. 

However, efficient reduction measures will only be 
possible if there is sufficient clarity about the 
causes of the excessively high NO2 levels. A num-
ber of national and international studies analysing 
trends in emissions and ambient air quality are 
now available. Back in 2005, the German Federal 
Environment Ministry (BMU) organised a meeting 
of experts from the research community, civil ser-
vice and industry to discuss current findings on the 
NO2 problem [BMU 2005]. Other meetings between 
representatives from industry and research fol-
lowed with a view to developing solutions to the 
problems. Efforts to bring about reductions centre 
on the transport sector. For that reason, the Envi-
ronment Ministry has reached an agreement with 
the German Association of the Automotive Industry 
(VDA) that an “NO2 action plan” will be developed, 
which will detail measures to be taken and include 
an assessment of what effect they might have. The 
VDA intends to submit proposals on this to the En-
vironment Ministry in the near future. 

The Environment Ministry has explored the topic 
intensively. This paper analyses the reasons for 
the unexpectedly high levels of nitrogen dioxide 
and discusses possible ways of reducing them. 

Dr. Uwe Lahl, BMU
Udo Lambrecht, IFEU
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Despite a reduction in emis-
sions of nitrogen oxides, 
there has been only a slight 
drop in NO2 concentrations 
 

Between 1990 and 2005, emissions of NOx
2, i.e. 

the sum total of emissions of nitric oxide (NO) and 
nitrogen dioxide (NO2), fell by 50% in Germany. 
The decrease was roughly the same whether from 
stationary energy generation or road traffic (Fig. 1). 
Today, about 45% of total NOx emissions come 
from traffic. 

NOx emissions from motor traffic in towns and cit-
ies in Germany have also dropped by about 50 % 
since 1990 (Fig. 2, left). This reduction is mainly 
due to the introduction of 3-way catalytic convert-
ers for petrol cars. By contrast, emissions from 
HGVs (heavy goods vehicles) scarcely decreased 
at all. The sharp increase in mileage accounted for 
by diesel cars meant that emissions from this cate-
gory rose, despite more stringent limit values for 
new vehicles. 

These calculated emission reductions are reflected 
in the NOx concentrations measured. For example, 
since 1990, there has been a sharp drop in NOx 
concentrations on busy roads in Baden-
Württemberg (Fig. 2, centre). 

By contrast, NO2 concentrations, which are rele-
vant for compliance with limit values, have scarcely 
declined in recent years. Ambient concentrations 
of nitrogen dioxide are measured at over 400 
monitoring stations in Germany. In Baden-
Württemberg, the mean value at roadside monitor-
ing stations has fluctuated by 60 µg/m3 for years 
(Fig. 2, right). At many roadside monitoring stations 
in Germany, NO2 concentrations have scarcely de-
creased in recent years and in some cases levels 
even increased (Fig. 3).  

This explains why the annual mean value for nitro-
gen dioxide levels exceeded 40 µg/m3 at 98 sta-
tions in 2006 (Fig. 4). The nitrogen dioxide concen-
                                                      
2 The air-quality limit values apply directly to NO2, 
the component that is harmful to health. In the 
case of emissions, however, the limit applies to the 
sum total of NOx, the aim being to reduce the 
amount of nitrogen entering the atmosphere (con-
sequences of which include acidification, exces-
sive levels of nutrients entering ecosystems, for-
mation of secondary particulate matter). Further-
more, after a certain time, even directly emitted NO 
is found in the atmosphere - predominantly NO2 
formed as a result of atmospheric chemical reac-
tions. 

trations that exceeded the limit value that will come 
into force in 2010 were only found at stations di-
rectly exposed to traffic; background levels in 
towns and cities and in rural areas are far lower. 

The degree to which the limit values are being ex-
ceeded in some cases means that there will have 
to be a steep reduction in NO2 levels if compliance 
with limit values is to be achieved by 2010. If the 
annual mean value will be reduced by 20 µg/m3 it 
would be possible to comply with the limit value at 
approximately 75% of the stations that to date 
have been exceeding the limit value.  

Furthermore, 1-hour mean values in excess of 200 
µg/m3 were measured at 44 stations in Germany in 
2006. At 11 of these stations, this occurred more 
than 18 times per year which is the maximum al-
lowable from 2010; at two stations, the limit value 
currently in force was also exceeded (maximum of 
175 hours with more than 200 µg/m3). 

 

Reasons underlying the high 
levels of NO2  
 

Ambient NO2 levels are made up of direct emis-
sions of nitrogen dioxide, plus NO that has been 
converted into NO2 by chemical reaction. The con-
centrations of NO, NO2 and ozone are in an equi-
librium (“photochemical equilibrium”), which is de-
pendend on solar radiation or temperature 
changes. Ambient NO2 levels may result from “ur-
ban background levels” and “local pollution.” Urban 
emission sources (e.g. industry, domestic fuel, traf-
fic) contribute to the “urban background level” as 
do pollutants that have been transported over long 
distances.  

At roadside sites that are liable to exceed limit val-
ues, a large proportion of the ambient pollution is 
caused by emissions from local traffic (see Fig. 6). 
There are two main causes for this localized addi-
tional NO2: 

• Primary NO2: nitrogen dioxide (NO2) is emitted 
directly from vehicle exhaust pipes. A number 
of studies (e.g. [AQEG 2006]; [IFEU 2005], 
[Carslaw 2005], [IFEU 2006], [IFEU 2007]) 
have shown that the proportion of NO2 in NOx 
emissions from diesel cars has risen sharply 
over the last decade. This is largely due to the 
use of oxidation catalytic converters but also to 
the fact that the proportion of diesel cars on 
the road has climbed steeply in recent years.  

• NO2 formed as a result of atmospheric 
chemical reactions: nitric oxide from motor 
vehicle exhaust gas reacts with ozone to form 
NO2. Other atmospheric chemical reactions 
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(e.g. with OH radicals) also result in NO2. The 
NO2 concentrations in the ambient air are thus 
also highly dependent on NO emission levels 
and the availability of ozone. 

NO2 concentrations vary as a factor of emissions 
of primary NO2 and NO from exhaust gas from mo-
tor traffic at the monitoring site, but also as a result 
of meteorological conditions (especially wind 
speed and height of the mixing layer). The exam-
ple of a roadside station in Central Stuttgart (Fig. 
7) shows that the urban background level can fluc-
tuate over the course of a single day by a factor of 
two – particularly as a result of changing dispersal 
conditions. Contribution from local traffic (primary 
NO2 and NO2 formed by NO reacting with ozone) is 
highly dependent on local traffic emissions. Higher 
ozone concentrations in the afternoon contribute 
significantly to the formation of secondary nitrogen 
dioxide [IFEU 2007]. 

 
Emission trends to 2015 
 

Limit values for NOx emissions from motor vehicles 
have become more stringent in recent years. Euro 
5/6 for cars and in the future Euro VI for HGVs will 
lower these limit values still further. The legislation 
on limit values applies to the sum parameter, nitro-
gen oxides (NOx).  

Little was known about how high the NO2 compo-
nent in NOx emissions is. In the past, it was usually 
assumed to be 5%. Only in recent years have spe-
cific measurements of NO2 been carried out in a 
number of European measuring laboratories. An 
analysis of current measurements of this kind 
[IFEU 2007] shows that the nitrogen oxides in the 
exhaust gas from petrol cars contains only a small 
proportion of primary NO2, consisting mainly of ni-
tric oxide. 

By contrast, in the case of diesel cars, the NO2 
share in the nitrogen oxides in exhaust gas is 
higher - even in old cars - and there has been a 
particularly significant increase since Euro 3 (Fig. 
8, left). One factor to which the rise in NO2 emis-
sions is attributed is the introduction of oxidation 
catalytic converters. They are used in diesel vehi-
cles to reduce hydrocarbon and carbon monoxide 
emissions, but as a side effect they oxidize NO to 
form NO2. The highest ratios of NO2 to NOx have 
been observed in Euro 4 diesel cars with particu-
late filters. 

Very few measurements are currently available for 
the exhaust gas reduction technologies scheduled 
to be used in cars in the future. However, the 
measurements that do exist indicate that the use of 
different coating materials for oxidation catalytic 

converters and particulate filters and the use of 
SCR systems (“selective catalytic reduction” to re-
duce nitrogen oxide emissions) will bring about a 
drop in the NO2 to NOx ratio in exhaust gas. 

Thus, despite the drop in NOx emissions, vehicle-
specific NO2 emissions from diesel cars from Euro 
1 to Euro 4 have increased. NO2 emissions will not 
drop until the limit values set in the Euro 5 and 
Euro 6 emission standards take effect (Fig. 8). This 
assumes that NOx emissions from diesel cars will 
fall in line with reductions identified in the New 
European Driving Cycle and in urban situations. 

HGVs and buses without exhaust gas treatment 
technologies generally have low NO2 emissions, 
which have decreased with the drop in NOx emis-
sions as a result of more stringent emission stan-
dards. However, vehicles that are fitted with par-
ticulate reduction systems can - depending on the 
system - have significantly higher specific NO2 
emissions. These are systems that actively pro-
duce NO2 in order to regenerate the filter. 

For a typical urban situation in Germany (average 
daily traffic (ADT): 40,000 motor vehicles, of which 
4% HGVs and 0.5% buses) NOx and NO2 emis-
sions were determined using TREMOD [TREMOD 
2005]. This showed that, despite a sharp increase 
in diesel cars, NOx emissions dropped by 40% be-
tween 1995 and 2005 (Fig. 9). Without the intro-
duction of the limit values to be phased in with 
Euro 5 and Euro 6 (Fig. 9, red line), emissions 
would drop by a further 48% between 2005 and 
2020. This indicates that with the introduction of 
the Euro 5 & 6 emission standards for cars, it will 
be possible to achieve a 61% reduction. 

A totally different trend has been calculated for 
NO2 emissions: although they did drop until 1999, 
after that they rose significantly. A marked reduc-
tion in NO2 emissions will not be achieved until 
Euro 5 are introduced (in the calculations begin-
ning at the end of 2008) and Euro 6 cars (from 
2013) are introduced. 

In a specific suburban setting, the emissions situa-
tion may deviate from this. For example, studies in 
Stuttgart [IFEU 2007] have revealed that if the traf-
fic using a road has a high proportion of buses that 
are fitted with certain kinds of particulate reduction 
systems an increase in NO2 emissions can result. 
According to these calculations, bus traffic ac-
counts for over 1/3 of the NO2 emissions from traf-
fic at the Central Stuttgart monitoring station. 

The introduction of Euro-VI HGVs, which has not 
yet been taken into account in the calculations, 
would further reduce NOx emissions from 2015 
onwards. The effect on NO2 will not be as great, 
since HGVs account for only a small share of 
overall NO2 emissions. 
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Future trends in nitrogen di-
oxide concentrations 
 

Calculations normally used to ascertain NO2 con-
centrations determine firstly the locally NOx con-
centrations by using dispersion modelling; sec-
ondly the concentration of NO2 formed was esti-
mated using Romberg’s formula [Romberg 96]. 
This formula is based on statistical analyses of 
NO2/NO ratios measured in past years. As a result 
of the changes in the proportion of NO2 in car ex-
haust gases alone, a rigid formula such as this one 
did not provide an accurate depiction of ambient 
concentrations in recent years. It will therefore cer-
tainly not be able to adequately estimate future 
NO2 concentrations. 

IFEU and AVISO looked at the Central Stuttgart 
roadside monitoring station and carried out de-
tailed calculations of both past NO2 and NO emis-
sions and those to be expected in the future. Using 
a chemistry box model, they then estimated nitro-
gen dioxide concentrations for 2010 – 2020. By 
simulating individual processes in the model, the 
contributions made to the overall ambient concen-
trations by different causal factors was ascertained 
[IFEU 2007]. 

According to these calculations, NOx emissions 
from local traffic will continue to fall in Central 
Stuttgart between 2005 and 2020; this takes into 
account the positive effects of the more stringent 
exhaust gas limit values for cars (Euro 5/Euro 6) 
scheduled to come into force. Based on this as-
sumption, the NO2 concentration at the monitoring 
station would drop from 72 µg/m3 to 50 µg/m3 (Fig. 
10, left). The contribution made by primary NO2 
would initially rise until 2010 and then fall continu-
ously. The NO2 contribution resulting from atmos-
pheric chemical reactions decreases from the out-
set.  

These calculations thus indicate that even in 2020 
Central Stuttgart will not comply with the NO2 limit 
value for ambient air quality that enters into force 
in 2010. Even if an extension to the compliance 
deadline by the maximum of 5 years were granted, 
the limit value would still not be complied with here. 
To achieve compliance with the limit value by 2015 
massive reductions are therefore necessary that 
go far beyond the assumptions made in the sce-
narios used.  

This would involve huge reductions in both primary 
and secondary NO2 from local sources and in the 
background level with its numerous NOx emission 
sources. An initial estimate of pollution sources 
made at the Central Stuttgart monitoring station 
(Fig. 10, right) reveals that the proportion contrib-

uted by traffic to the NO2 levels will be about ¾ in 
2015. Diesel vehicles are the main culprit, account-
ing for over 80% of this share.  

The same assumption must be made for other 
heavily polluted areas in Germany, namely that 
traffic is the main cause and that without additional 
measures NO2 concentrations in 2015 will still ex-
ceed the air quality limit value for NO2 that will be 
in force at that time. A more precise estimate of the 
proportionate contributions from individual causal 
factors would have to take local conditions into 
consideration. 

 
Approaches to reducing NO2 
concentrations 
 

Basically any effective lowering of NO2 concentra-
tions relies on primary NO2 and NO emissions from 
traffic and other sectors being reduced.3 In view of 
its high contribution to ambient NO2 levels, this 
discussion will focus on possibilities for reducing 
emissions from road traffic.  

Recently, the question of what reduction possibili-
ties exist and what instruments can be used to im-
plement corresponding measures to facilitate com-
pliance with air quality limit values has been under 
more intense discussion.  A number of approaches 
are listed below. They differ in the effects they 
would have on emissions and air quality.  (Fig. 11). 

Cars/light commercial vehicles 

With the tightening up of EU limit values for motor 
vehicle exhaust gases (Euro 5/6 for cars) and the 
growing proportion of this category of vehicle in the 
overall fleet, NOx emissions from car traffic will 
continue to fall in the near future. The German 
federal government has made a particularly strong 
case for the introduction of a stringent limit value 
for diesel cars (Euro 6). However, the Euro 6 emis-
sion standard for cars is not scheduled to become 
binding until 2014 and therefore will not have had 
any great impact on emissions by 2015. Placing 
vehicles that meet Euro 6 criteria on the market 
before the mandatory deadline [A1] would help to 
lower NO2 concentrations. To encourage this, the 
federal government is considering preferential mo-
tor tax rates for Euro-6 cars on the road ahead of 
the deadline. It is expecting the automobile indus-

                                                      
3 Measures to reduce ozone levels can also have 
the knock-on effect of reducing nitrogen dioxide 
concentrations. These indirect effects – that impact 
on NO2 from atmospheric chemical reactions – 
have not been taken into account here. 
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try to make these vehicles available as soon as 
possible.  

However, it is crucial to ensure that NOx and NO2 
emissions from Euro 5/6 cars are dramatically re-
duced not only in the latest test cycle but in real 
urban driving situations. For that reason, some 
thought must be given at European level to refining 
registration procedures [A2]. 

A workshop organised by the Commission entitled 
“Impact of direct emissions of NO2 from road vehi-
cles on NO2 concentrations” also discussed the 
possibility of limiting NO2 emissions [A3]. The suc-
cessive lowering of NOx emissions under Euro 4, 
Euro 5, Euro 6 was the result of a political deci-
sion. To achieve an additional contribution to NO2 
reduction, e.g. a voluntary commitment on the part 
of the automobile industry might be useful. 

Until diesel cars’ NOx and NO2 emissions levels 
match the lower level of petrol cars in all driving 
situations, preventing the proportion of new regis-
trations of diesel cars from rising will help to lower 
emissions [A4]. Given the CO2 targets that also 
need to be met, producing a range of fuel-efficient 
petrol cars is important.  

Especially in highly polluted urban areas, replacing 
vehicles with combustion engines with (partially) 
electrically powered vehicles can help to improve 
air quality [A5]. Here the federal government has 
initiated a number of research programmes to look 
at the increased use of electric and fuel-cell vehi-
cles. 

HGVs/buses 

The proposal for the Euro VI limit values for HGVs 
envisages an 80% NOx reduction compared with 
Euro V. The federal government is making every 
effort to have this limit value enter into force as 
soon as possible. As in the case of cars, introduc-
ing Euro VI [B1] sooner and replacing the HGVs 
more quickly [B2] can help reduce emissions and 
in turn improve air quality. The federal government 
has therefore launched an HGV innovation pro-
gramme to encourage people to buy Euro V HGVs 
by 30.09.2009 [BMVBS 2007]. After that, Euro VI 
HGVs will be promoted until the Euro VI standard 
becomes binding. With its scale of toll charges re-
flecting different emission classes, the federal gov-
ernment has also created a powerful incentive to 
purchase low-emission vehicles before the manda-
tory date.  

In the future, more attention must be paid to ensur-
ing that primary NO2 emissions do not increase 
unacceptably as a result of technologies used. In 
California, and now also in the rest of the USA, a 
regulation has come into force that limits NO2 
emissions from exhaust gas treatment systems 

[CARB 2007; EPA 2007]. Possibilities of restricting 
NO2 emissions must also be discussed more inten-
sively in Europe. 

In some towns and cities, bus traffic makes a sig-
nificant contribution to ambient NO2 levels. Trans-
port operators and local authorities must in future 
define tighter NOx requirements for the purchase of 
vehicles to ensure that public transport does not 
lose its environmentally friendly edge [B4]. Also in 
tendering processes for transport services or 
routes, the purchaser (e.g. district authorities) can 
set NOx standards. The federal government has 
commissioned research projects and pilot projects 
on this subject [VCD 2001]. Retrofitting buses with 
appropriate systems can bring about a reduction in 
NOx emissions of over 80%. A number of different 
systems are being trialled at present.  

Transport organisation  

NOx emissions arise in particular during accelera-
tion and at high speeds. A speed limit – especially 
on urban motorways – can reduce emissions in 
towns and cities [C1]. Measures to keep traffic 
flowing in towns and cities also help reduce NOx 
emissions [C2].  

Whether benefits should be introduced from 2010 
in areas with high ambient levels of NO2 for users 
of vehicles with low NOx and NO2 emissions (envi-
ronment zone) is a political decision [C3]. All 
measures to reduce private motor traffic (e.g. in-
creasing the number of passengers travelling in a 
car, changing the modal split in favour of bicycles 
and public transport) [C4] can only help to reduce 
air pollution. 

Shipping 

Shipping contributes to widespread nitrogen oxide 
pollution and to local pollution, particularly in prob-
lem areas such as docks. The mineral oil industry 
has agreed to ensure a wider range of sulphur-free 
marine diesel, which would create the basic condi-
tions for using exhaust gas treatment technologies 
such as particulate filters and NOx reduction tech-
nology for shipping on inland waterways too. The 
federal government has given its backing to the 
construction of a river/sea vessel that is equipped 
with the latest exhaust gas reduction technology 
(“Futura Carrier”). 

Other sectors 

It will only be possible to effectively reduce back-
ground levels of nitrogen oxides if emissions from 
non-traffic sources such as industry, power sta-
tions and domestic households also continue to 
fall. To that end, the federal government is plan-
ning to introduce secondary legislation to ensure 
compliance with air quality requirements (37. 
BimschV – 37th Regulation implementing the Fed-
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eral Pollution Control Act). The aim of this Regula-
tion is to counter the increased emission of nitro-
gen oxides from large combustion plants. 

At European level, the “Thematic strategy on air 
pollution” is a programme to reduce permissible 
emission volumes of key pollutants in individual 
member states. In connection with negotiations on 
the new Air Quality Directive, the Commission has 
also issued a declaration announcing measures to 
reduce emissions [EC 2007]. These measures are 
intended to support the member states in their ef-
forts to comply with air-quality limit values. The 
Commission cites the following principal measures: 

A Directive on Industrial Emissions (successor di-
rective to the IPPC Directive), which aims to further 
reduce emissions from industry, agriculture and 
smaller industrial combustion plants; 

• Directive on national emission ceilings (NEC); 

• Lowering emissions from mobile machinery; 

• Activities to reduce emissions from shipping. 

 
Summary 
 

The annual limit value for nitrogen dioxide that will 
be effective from 2010 is currently exceeded on 
many busy roads in Germany. The main contribut-
ing factor is NO2 emitted directly from motor traffic 
using the road. In addition to that, NO2 is formed 
as a result of an atmospheric chemical reaction 
with the ozone from the NO emissions of local traf-
fic. NO2 emissions from urban and regional back-
ground sources also contribute to ambient NO2 
levels on main roads.  

The significance of primary NO2 emissions in am-
bient NO2 levels has only been recognised in re-
cent years. For example, the exhaust gas limit val-
ues for road traffic that have been continually 
tightened up have only ever applied to NOx, the 
sum of NO and NO2 emissions; no limit is imposed 
on the NO2 component of the NOx emitted. How-
ever, as a result of new exhaust gas treatment 
technologies, the NO2 component has increased, 
particularly in the case of modern diesel cars. This 
has caused NO2 emissions to rise. This is part of 
the reason why NO2 concentrations have not 
fallen, despite lower NOx emissions. 

Since emissions of direct NO2 will also continue to 
rise until 2010, NO2 concentrations at many places 
will scarcely decrease despite the fact that limit 
values for motor vehicle exhaust gas are becoming 
tougher. Many local authorities will only be able to 
achieve compliance with air-quality limit values for 
NO2 if they implement additional measures.  

Only when the vehicle fleet has a high enough 
proportion of vehicles that fulfil Euro 5/6 or Euro VI 
standards will a decline in NO2 emissions be pos-
sible. Nevertheless, even in 2015, i.e. if full use is 
made of the deadline extension provided for in the 
EU’s new Air Quality Directive, it will not be possi-
ble to comply with the air quality limit value even if 
measures already passed are implemented.  

Achieving compliance with the air-quality limit val-
ues for NO2 will only be possible if, in addition to 
further tightening of the limit values for motor vehi-
cles emissions, effective measures to reduce am-
bient urban concentrations and widespread back-
ground levels are taken. The automobile industry – 
as the manufacturer of the vehicles that contribute 
to the main source of pollution – must be called 
upon to develop concepts and strategies for reduc-
ing NO2. 
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Graph and table appendix 

Fig. 1:  NOx emissions in Germany by source category 1990 – 2005 (Source: Federal Environment Agency – UBA)  
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Fig. 2:  NOx emissions and ambient air concentrations 
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Fig. 3:  Ambient NO2 concentrations – roadside sites in Germany (Source: IFEU on the basis of data provided by the 
monitoring networks in the German states 

 

 

Fig. 4:  Sites with annual NO2 concentrations > 40 µg/m3 in 2006 (Data source: Federal Environment Agency – UBA) 
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Fig. 5:  Number of exceedences of the 1-hour limit value of 200 µg/m3 for NO2 in 2006 (Data source: Federal Environment 
Agency – UBA) 

 

 

 
Fig. 6:  Causes of NO2 levels at roadside monitoring sites (schematic representation)  

 

Number of exceedences of the 1-hour concentration of 200 µg/m3853

548

160

102 89
60 53 49 43 41 26

0

100

200

300

400

500

600

700

800

900

S
tu

ttg
ar

t A
m

 N
ec

ka
rto

r

St
ut

tg
ar

t H
oh

en
he

im
er

St
ra

ße
 (S

)

St
ut

tg
ar

t
S

ie
m

en
ss

tra
ße

 (S
)

M
un

ic
h/

La
nd

sh
ut

er
Al

le
e

D
ar

m
st

ad
t-H

üg
el

st
ra

ße

M
un

ic
h/

Lu
is

e-
Ki

es
se

lb
ac

h-
Pl

at
z

Pl
ei

de
ls

he
im

 B
ei

hi
ng

er
St

ra
ße

 (S
)

Be
rli

n 
H

ar
de

nb
er

gp
la

tz

St
ut

tg
ar

t-M
itt

e-
St

ra
ße

Lu
dw

ig
sb

ur
g

Fr
ie

dr
ic

hs
tra

ße
 (S

)

H
am

bu
rg

H
ab

ic
ht

st
ra

ße
 (S

tra
ße

)

N
o.

 o
f h

ou
rs

 in
 w

hi
ch

 li
m

it 
va

lu
e 

w
as

 e
xc

ee
de

d

Current limit value: maximum of 175 hours exceeding 200 µg/m3

2010: maximum of 18 hours exceeding 200 µg/m3

Contribution 
of local  
traffic  

NO2

Additional  
NO2 pollution  

NO2 
from atmospheric 
chemical reactions

from primary 
emissions  

other 
sources 

cause

Urban back-
ground  

NO emission 
(local traffic) 

NO2 emission 
(local traffic) 

NO2 

NO2 NO2

Urban back-
ground  



English version of paper for VDA - Technical Congress 2008 

 11

0

20

40

60

80

100

120

140

1 3 5 7 9 11 13 15 17 19 21 23

N
O

2 i
n 

µg
/m

³
Mainly primary NO2 
NO2 from ozone depletion
Background NO2 

August 2006, Monday to Friday
      Ambient NO2 concentration - diurnal variation

 
Fig. 7:  Contribution of different causes to NO2 concentration – diurnal variation    (Source: IFEU 2007) 

Fig. 8:  NO2 and NO emission factors for passenger cars in urban situations (Source: IFEU 2007) 
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Fig. 9:  Emissions of NOx and NO2 - average urban traffic situation (source: IFEU 2007) 
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Fig. 10:  NO2 concentrations and contributory factors in 2005, 2010, 2015 and 2020  
at the Central Stuttgart roadside monitoring site  
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Fig. 11:  Approaches to reducing emissions of NOx and NO2 from transport 
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1. Early introduction of Euro VI for HGVs X  X X 
2. Accelerate renewal of the HGV fleet X  X X 
3. Limit NO2 emissions  X X  
4. Minimum standards for public service buses (NOx, NO2) X X X  
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