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1

OVERVIEW OF KEY FINDINGS

This synthesis has been written based on contributions from PROSPECTS, SCATTER,
ISHTAR, PROPOLIS and CITYFREIGHT.
The principal environmental impacts of transport and land use that we considered here are
atmospheric pollutants, greenhouse gases and noise.
There is a clear causal link between traffic and environmental problems. However, the link
with urban sprawl, though theoretically realistic, is much more difficult to establish because
of the lack of available data.
In this synthesis, we will focus on pollutants, greenhouse gases and noise, which were
covered by the contributing studies.
There is no threshold under which air pollution is harmless. ISHTAR has focused on
particulate matters (though other pollutants such as nitrogen oxides and secondary pollutant
as ozone should be taken into account). Following the Directive 1999/30/EC, the
concentration of PM10 in the air in 2005 should not exceed 40µg/m³ (annual average).
Overall, each 10µg/m3 of PM10 increases the risks of mortality and illness linked to
respiratory ailments by a few percents (for asthma, respiratory diseases etc) up to 30% (in the
case of acute bronchitis).
Air pollution has an impact on cultural heritage too. Pollution accelerates the natural ageing
of stone. In the most polluted cities, pollution can cause the loss of more than one millimetre
of stone thickness in 10 years. The nature of the stone is of course an important factor, as is
local climate. Reduction of sulphur oxides emissions has improved in the past, but nitrogen
oxides could also be a source of corrosion.
For global warming, PROSPECTS proposes an additional tax of 50 €/tonne of CO2 in 2010.
This level should allow meeting the Kyoto target. This corresponds to about 0.12 €/litre of
gasoline and 0.15 €/litre of diesel. PROSPECTS suggest a tax level 4 times higher by 2020,
as additional reductions (further to Kyoto targets) will have to be met to tackle global
warming.
There are a number of potential effects of noise on health, in domains such as annoyance,
speech interference, concentration on tasks, mental health, hearing loss, stress or sleep
disturbance. Howeve r, according to ISHTAR, there is no evidence of effects other than those
based on sleep disturbance and annoyance. For noise, scientific evidence suggests
thresholds below which it is unlikely that there is an impact on health, though this is not yet
firmly established. Uncertainties remain large in this field.
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2

WHAT THE THEORY TELLS US

The principal environmental and safety impacts of transport and land use are:
•
•
•
•

Atmospheric pollutants and greenhouse gases
Noise
Severance of land
Visual impact

The last two items are not readily quantified, and are not covered in the PLUME studies.
Atmospheric pollutants can be local, regional or global in their effect. Several different
pollutants can be identified at the local level, including oxides of nitrogen (NOx), carbon
monoxide (CO), volatile organic compounds (VOCs) and particulates of differing size. Lead
and sulphur oxides (SOx ) are also generated, but have become less significant. Local air
quality management surveys in the UK suggest that the pollutants of greatest concern at
typical UK urban concentrations are NO2 and particulates of less than 10 microns in diameter
(PM10 s). Finer particulates (PM2.5, or even smaller ones) are more harmful than PM10 , but
harder to measures. It’s only in the recent years that we have begun researching their impact.
Local pollutants are generated in different ways, and have different effects; however, the
process for appraising them is reasonably similar.
The most important regional pollutant is ozone, which results from the more long-term (one
to three days) photochemical reactions of primary pollutants, mostly NOx and VOCs. The
highest concentrations of ozone can occur many miles from the sources of pollution, as
primary pollutants are transported by winds before the photochemical reactions take place.
Carbon dioxide is different, in that it is a global pollutant, with no local impact. It only
contributes to global warming. It can be assessed in aggregate for an urban area (or even for
a wider region still).
Council Directive 1999/30/EC gives current limits on concentrations for the various
pollutants.
PROSPECTS delivered some useful results on the cost of emissions. PROSPECTS first
proposed some values for the cost of transport emissions of pollutants. These values were
taken from a literature review.
Table 2.1: Costs in Euros per emitted kilo of pollutants from transport
SO 2
Urban Rural
52
7
1.7

Eyre
EUNET
ECMT
Eriksen
9
SIKA
27
* PM 2.5
Source: ¨PROSPECTS
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2.3

NO x
Urban Rural
13
9
4.5
8
4
8
4
10
6.8

VOC
Urban
Rural
3
3
8
8
8.5
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4
4
3.4

Urban
92
185*
206
864

PM10
Small town

25
216

Rural
14
0
0
0
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PROPOLIS mentions two valuations of pollution externalities, one derived from the results
of the European project ExternE, and one from a study made by INFRAS - IWW for the
International railway Union (UIC).
The project ExternE has produced results for 13 different cases whose results are included in
Table 2.2.
Table 2.2: Unit values of air pollution: results form ExternE project
(Values in Euro/kg of pollutant)
ExternE Case

Paris
Paris Lion
Milan
Amsterdam-Schiphol
Amsterdam
Rotterdam Nijmagen
Schiphol Rotterdam
Athens
Athens Thessaloniki
Stuttgart
Stuttgart - Mannheim
London
Barnsley

Country

Type

France
France
Italy
Netherlands
Netherlands
Netherlands
Netherlands
Greece
Greece
Germany
Germany
U. Kingdom
U. Kingdom

Urban
Extra-urban
Urban
Urban
Urban
Extra-urban
Extra-urban
Urban
Extra-urban
Urban
Extra-urban
Urban
Urban

Populatio PM 2,5
n Density
(inh/km2
)
22 300 2 553
105
173
7-21000 4 840
6-7000
447
6-7000
438
200-3000
336
500-3000
424
1-50000
nq
81
506
225
480
nd
268
nd 1 447
245
492

SO2

COV

46.4
13.3
87.3
11.5
11.4
10.7
11.4
13.3
9.4
13.8
11.7
42.3
20.8

2.6
1.1
3.5
1.1
1.1
1.1
1.1
4.5
1.6
1.4
1.4
3.7
2.0

NOx

CO

21.7
22.4
13.4
7.2
7.2
7.2
7.2
6.7
6.9
17.1
19.0
23.2
8.7

0.025
0.002
0.053
0.003
0.003
0.002
0.003
0.013
0.004
0.004
0.003
0.022
0.005

Source: ExternE project

The specific elaboration that was carried out by TRT on the base of the results from the
INFRAS/IWW study and from the mentioned study from Amici della Terra are reported in
Table 2.3.
Table 2.3: Unit values of air pollution: elaboration for Italian case (Euro/kg)
Average value
SO2
NOx
PM10
CO
COV

Urban

127
8.2
151
1.0
5.4

Extra urban
223
14.9
244
1.2
6.3

72
4.8
79
0.4
2.0

Source: Amici della Terra, I costi ambientali e sociali della mobilità in Italia.

Second, for global warning, PROSPECTS proposes an additional tax of 50 €/tonne of CO2
in 2010. This level should allow the Kyoto target to be met, and is based on IPCC works
(IPCC 2001). This corresponds to about 0.12 €/litre of gasoline and 0.15 €/litres of diesel.
On the other side, PROPOLIS mentions standard values fixed by the IPCC
(Intergovernmental Panel on Climate Change) and the UNEP (United Nations Environment
Programme), which range between 23 and 121 Euro/tonne of CO2 (1995). This is consistent
with the values proposed by PROSPECT.
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For 2020, the objective is long term; to be on a path towards the stabilisation of CO2 in the
atmosphere. Stabilisation levels range in IPCC (2001) from 750 to 450 ppm (in volume).
These levels are long term targets that can be reached more quickly or slowly, along different
development paths. PROSPECTS suggest a level of tax of 200 €/tonne of CO2 by 2020.
This not based on hard facts, but on the evidence that for the long term, much larger
reductions in CO2 emissions than the Kyoto target will be needed.
Noise is a local pollutant. PROPOLIS mentions values for the cost of noise exceeding the
threshold of 55 decibels at day time and 45 decibels at night time, which are the usual limits.
These values are taken from an INFRAS/IWW study. These values are average and do not
differentiate costs in urban areas from costs in small centres or other conditions. Anyhow, the
cost of noise is mainly concentrated in urban areas and it should be calculated on the traffic
flows relevant to urban zo nes. Moreover a further distinction of zones should be made,
between for example industrial, residential, commercial zones.
Table 2.4: Average noise costs - 1995
Passenger (Euro/1000 pkm)

Country
Average EU17

Car
5.7

Motorcycle
17.0

Bus
1.3

Freight (Euro/1000 tkm)

Railways
3.9

Trucks
6.7

Source: INFRAS-IWW, External Effects of Transport
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WHAT MODEL RESULTS TELL US
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4

WHAT EMPIRICAL EVIDENCE AND CASE STUDIES TELL US

4.1 Environmental Impact of Urban Freight Distribution
CITY FREIGHT reviewed problems related to freight delivery in urban areas. Harmful
environmental impacts of urban goods transport (emissions, noise, safety risks, physical
obstacles, vibration, and energy consumption) are a common problem in all of the cities.
Efficient solutions to reduce environmental impacts are often expensive, both for local
authorities, that must finance the implementation, and the private sectors, whose operating
costs are often on the increase due to traffic restric tions for example.
Emissions are the most notable environmental impact. Cities try to lower emission levels by
restricting traffic in the central areas, lowering speed limits and introducing access
restrictions based on vehicles’ environmental performa nce. The European Union regulates
the emission levels with the Euro emissions standards. It is worth noting that the increase of
emissions due to freight is actually an increase in car emissions because of increased
congestion.
Traffic noise is an increasingly important topic in environmental concerns. The same level of
noise from goods transports may be experienced in different ways depending on the location
(city centre or suburb), time of the day (early morning, noon, night) or evenness of the noise
(a steady flow of vehicles or sharp noises from unloading and loading).
To avoid delays caused by congestion, the transport sector increasingly uses night and offpeak deliveries. This increases noise impacts, as populations are more sensitive to noise
during the quiet periods (typically at night). This, together with problems caused by
congestion land use costs etc., can have strong impacts on the localisation decisions of new
industrial and logistics activities.
Retail activities are concentrated in city centres with a great variety of stores, restaurants,
offices, etc and the frequent delivery of small amounts of goods is required. Therefore
distribution efficiency is low compared to hypermarkets and requires a large volume of traffic
in comparison to the quantity of goods. Since recreational activities and pedestrian streets are
concentrated in city centres, aspirations to make city centres attractive are in stark contrast
to the needs of an efficient distribution of goods.

4.2 Environmental Impact of Urban Sprawl
The effects of urban sprawl, as presented by SCATTER, are one of the most hotly debated
issues in the literature. One of the reasons is the lack of reliable empirical evidence to
support the arguments made either for or against sprawl.
The summary provided by the Transportation Research Board (1998) and discussed in
SCATTER lists some of the limitations of the current research on costs of sprawl. This report
divides the effects of sprawl into five groups; public and private capital and operating costs,
transportation and travel costs, land/natural habitat preservation, quality of life and social
issues.
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4.2.1

Land Consumption

“The use of land for urban development and transport in the EU continues to harm the
environment through, for exa mple, loss of high quality arable land, destruction of biotopes
and fragmentation of eco-systems. “In some regions, there are increasing spatial conflicts
between additional housing requirements, commercial developments, agricultural use and
protection of open space” (European Commission, 1997).
There is conflicting evidence on land consumption for residential purposes. According to
Orfeuil (2000) the amount of open space used by each inhabitant has increased in the last 20
years by two or three times. However this measurement of land consumption is not agreed
upon. Camagni et al (2002) have calculated land consumption in urban development as the
ratio of land area developed for residential and service use between 1981 and 1991 in each
commune to the numb er of dwellings. “This indicator was preferred to the per capita
consumption of land because the latter may increase in cases where the population of a
commune declines, giving a false indication” (Camagni et al 2002). The results of their
analysis proved that land consumption is actually declining rather than increasing.
But land consumption for residential use is not the only factor to be considered. Another
factor to be borne in mind is the high consumption of land for road infrastructure: 25% of the
total urban area in Europe and 30% in the United States. Research carried out in the Paris
region showed that the private car, which accounts for 33% of total trips, consumes 94% of
road space/hour; while the bus, with 19% of total trips consumes only 2.3%: in other words, a
bus in movement consumes 24 times less space per passenger than a single car (Servant,
1996).
4.2.2

Energy Consumption

Energy consumption depends indirectly on the same variables as land consumption, via their
linkage with mobility patterns: trip length and modal choice between private and public
means. The level of petrol consumption can be used as a parameter of the level of car use. In
these terms this level has been increasing constantly since the late ‘70s. Opinions on the risk
of depleting this non-renewable energy source due to urban sprawl tend to differ. However
both the United Nations and the European Union have moved in favour of the compact town
model embracing the position, supported by research (Newman, Kenworthy, 1989), that more
dense cities consume the least amount of energy for transport. The compact city model is also
claimed to allow energy-saving opportunities for new technologies, such as combined heat
and power systems (HM Govt, 1994; Elkin et al., 1991).
4.2.3

Atmospheric Pollutio n

It is hard to establish a direct connection between urban density by itself and the increase in
the amount of atmospheric pollution. The level of pollution due to motorcar dependency can
more easily be connected to population densities (Höjer, 2000). Studies have shown different
results. Some support the hypothesis that more compact (and therefore dense) city models
limit the number of journeys and the length of car travel and that dense areas can have up to
three times less emissions than more sparsely populated urban areas. According to Burton
(2000), it is possible that the compact city may present a health risk due to localised air
pollution, particularly from traffic, but also from the closer proximity of residential and
industrial uses. Increasing trends in air pollution over the past 40 years have been linked with
increases in respiratory diseases such as asthma and lung cancer.
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Despite these studies it cannot be inferred that density alone is a sufficient explanation for the
level of pollution. This relationship between density level and pollution is arguable and
should be further investigated to understand which activities should be more concentrated. If
population and jobs however concentrated remain separated, little improvement is to be seen
with regard to pollutant reduction.

4.3 Impact on Monuments
Materials exposed to the outdoor environment degrade because of the processes of natural
ageing. Pollution increases the speed of the degradation process. Pollution can have the
following impacts on stone monuments: corrosion, increase opacity, alteration of colour,
decrease of mechanical resistance or increase of brittleness. The main impact considered in
ISHTAR and discussed here is corrosion, which reduces the thickness of stone over time.
The impact of pollution on stone monuments, although certain, is very difficult to assess
accurately. Sulphur dioxide is the primary pollutant that causes alterations. Uncertainties
remain on the role of nitrogen oxides.
Overall, impact will depend on the pollutant compositions, on the kind of stones used and on
climatic conditions (the quantity of rain).
There are currently no data on noise and vibration impact on monuments. These impacts are
not considered in this report.
There is a natural ageing process of stones used in monuments, which will occur even in nonpolluted area. It ranges from 0.2-0.5 mm/100 years in the case of very compact materials,
with porosity inferior to 1%, to 3-10 mm/100 years in the case of materials with porosity,
P>10%.
Average loss rate data for calcareous stones in urban environments range from about 5 µm to
140 µm of stone for each metre of rain. Most values are around 20 to 30 µm of stone per
metre of rain. For the sake of modelling, one often takes an average of one metre of rain per
year, which results in a range from 0.5mm/100 years to 14mm/100 years.
It is worth noting that damages described here do not address discontinuous and catastrophic
phenomenon, such as the separation of superficial crusts, the fall of material totally deprived
of cohesion or the opening of fractures. These can be frequent and they severely worsen the
conservation of material and its durability. If these losses of material occur on engraved
surfaces, or on surfaces with artistic and/or historical merit, it is evident that the impact of a
similar damage is of great importance.

4.4 Impacts on Health
4.4.1

PM

ISHTAR has investigated the role of suspended particulate matter (PM) with regards to its
short- and long-term effects on mortality and morbidity. Most of the scientific evidence
available to date concerns PM10 and PM2.5 (particles less than 10 and 2.5 µm across),
although the role of finer particles is of increasing interest. In the evaluations mentioned in
ISHTAR, particulates have been used as a summary indicator of air quality, as emissions of
most other pollutants are correlated to PM emissions.
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In addition to PM air pollution, recent work in health impact assessment has taken ozone into
consideration, which is not correlated to PM. Since there are not many examples of ozone
health impact, it seems somewhat premature to incorporate ozone in a standard procedure,
before a wide consensus has been reached, for example, on risk coefficients and requirements
for concentration measurements. Therefore, only the case of PM pollution is discussed here.
Pollution impacts on health are short-term and long term. There is no threshold below which
pollution is not harmful.
The relative risks for unit increase PM10 for all these adverse outcomes are usually of the
order of few percent units increase for each 10µg/m3 increase in PM10 concentration. It is of
about 30.6% for acute bronchitis (see Table 4.1). Please note that this table gives values for
PM10 only. Values for finer particulates would be higher, though quantities emitted (in grams
or micrograms) will be typically lower.
Table 4.1: Health endpoints used for PM health impact assessment.
Cause
Mortality (Adults aged 30+, excluding accidental causes)
Hospital admissions for CVD causes
Hospital admissions for respiratory disease
Acute bronchitis (aged <15)
Asthma exacerbation (aged <15)
Asthma exacerbation (aged 15+)
Restricted activity days (aged 20+)
Occurrence of respiratory symptoms

Relative risk per 10µg/m3 PM10
(95% CI)
1.026 (1.009,1.043)
1.009 (1.006, 1.013)
1.016 (1.013, 1.020)
1.306 (1.135, 1.502)
1.051 (1.047, 1.055)
1.004 (1.0, 1.008)
1.094 (1.079, 1.109)
1.07 (1.02, 1.11)

Source: ISHTAR
*1
*2

*3
*4

(ref 22), guideline value is the value above which an observable effects might be expected
(ref 21), guideline value is the value of the lowest exposure at which on
average an effect has been observed in epidemiological studies
(ref 23)
(ref 24), value is based on reference 28 and indicates the value above which an effect is observed.

4.4.2 Noise
There are a number of potential effects of noise on health, in domains such as annoyance,
speech interference, concentration on tasks, mental health, hearing loss, stress or sleep
disturbance. However, according to ISHTAR, there is no evidence of effects other than those
based on annoyance and sleep disturbance.
Although the scientific evidence suggested thresholds below which it is unlikely that there is
an impact on health, the authors could not interpret these as definitive at this time. Table 4.2
provides the threshold values identified in the literature.
On the other hand, just because research has not definitely proved any causal linkage between
environmental noise and long-term adverse health effects, this does not mean that such
linkages do not exist. It remains inherently plausible that excessive noise might contribute to
long-term adverse health effects, and because of this the whole area is increasingly becoming
a matter of public concern.
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Table 4.2: Guideline threshold noise exposure values below which reviews reports that
an effect is unlikely to be observed

Effect
Annoyance

Guideline threshold value (dB(A))
40 (LAeq,24h : transportation noise) *1
42 (Ldn : outdoors) *2
55 (dB LAeq: outdoors, few seriously annoyed below this value)

Speech communication

45-55 (dB LAeq : for elderly or impaired)*4
55-65 (dB Laeq) *4

Sleep

30 (dB Lamax - for continuous noise to avoid serious effects)*4
45 (dB Lamax - for low background and non-continuous noise) *4
60 (SEL indoors) *1
60 (SEL indoors) *2
60 (dB LAmax )*4
35 (SEL indoors) *2
40-45 (dB Lamax) *4
40 (LAeq, night) *1
40 (LAeq, night :outdoors)*2
60 (LAeq, night ) *1
60 (LAeq, night :outdoors)*2
40 (SEL indoors) *2
45 (dB LAmax)*4

waking during the night

changes to sleep stages
subjective reports of sleep
quality
mood next day
heart rate

Stress related health effects
general cardiovascular effects
Hypertension

65-75 (dB LAeq)*4
70 (LAeq,, 06-22h :outdoors for road and aircraft traffic noise in living environment)
*2

Ischemic heart disease

70 (LAeq, :outdoors) *1
70 (LAeq,, 06-22h :outdoors for road and aircraft traffic noise in living environment)
*2

Hearing loss

70 (LAeq, :indoors for living and recreational environment) *1
65-75 (dB LAeq: “negligible” risk for hearing loss for 8 hour exposure and 40
years age group) *4

Performance

55-65 (dB LAeq: for deteriorated reading acquisition in school children, people
learning languages and the elderly) *4
65 (LAeq, school: outdoors)*1
70 (LAeq, school: outdoors)*2

performance by school children
Source: ISHTAR
*1
*2

*3
*4

(Noise ref 22), guideline value is the value above which an observable effects might be expected
(Noise ref 21), guideline value is the value of the lowest exposure at which on average an effect has
been observed in epidemiological studies
(Noise ref 23)
(Noise ref 24), value is based on reference 28 and indicates the value above which an effect is observed.

Given current knowledge, it is not possible to establish health effect based assessment
methods. Unresolved questions are among others:
•
•
•

Exposure-response relationship cannot currently be accurately estimated,
The share of the affected population is difficult to assess,
Threshold levels cannot be established, although evidence suggests there is a threshold
below which no effect occurs,
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•

There are uncertainties in assessing the overall impact of noise on health. These relate to
the treatment of more than one effect, the role of modifiers, the cumulative exposure of
different time periods, the handling of vulnerable or susceptible groups, and the role of
other risk factors in assessing conditions of multi- factorial origin. These need to be better
understood before effect-based assessment methods can be established.
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5

TECHNICAL SUMMARY

There are a number of areas mentioned in PLUME studies where evidences are inconclusive
or conflicting.
•
•
•

•
•

•

The valuation of external costs of pollution is one of these. Results vary according to
methodologies, which effects are included or not, and local circumstances. Development
of standard methodologies at the European level should help in this regard.
It is also difficult to establish the long term cost of global warming, because economic
techniques of discounting are not made for such long term estimations (over at least a
century). It is thus difficult to establish a unique value for this effect.
The effects of urban sprawl are one of the most hotly debated issues in the literature. One
of the reasons is the lack of reliable empirical evidence to support the arguments made
either for or against sprawl. Issues such as the impact of urban density on the
environment remain largely uncertain.
More research is needed to understand the generation and the impacts of some pollutants
by transport, in particular fine particulates (below 2.5 µm of diameter) and ozone. This is
also true for some unregulated pollutants, such as PAHs.
There are a lot of variations in the impacts of pollution on monuments, as stone quality,
climate and the present pollutants is highly variable from on place to the other. This is
thus an issue that is difficult to evaluate. In addition, these evaluations only account for
proportional damages, not for discontinuous events such as fractures or the loss of
engravings.
For noise, there is no evidence of effects other than those based on sleep disturbance and
annoyance. However, not enough is known to assess if excessive noise might contribute
to long-term adverse health effects.

The PLUME Consortium

Page 12

November 2003

PLUME: Synthesis Report on Environmental Problems

6

REFERENCES

6.1 Transport Emissions
Eriksen, K.S., T.E. Markussen and K. Pütz (1999) Marginale kostnader ved transportvirksomhet . TØI-rapport 464/1999, TØI, Oslo.
Eyre, N.J, E. Ozdemiroglu, D.W. Pearce and P. Steele (1997) Fuel and Location Effects on
the Damage Costs of Transport Emissions. Journal of Transport Economics and Policy,
January 1997, pp. 5-24.
Hickman J., D. Hassel, R. Joumard, Z. Samaras and S. Sorenson (1999): Methodology for
calculating transport emissions and energy consumption. TRL report, n° PR/SE/491/98,
Crowthorne, UK, and European Commission, DG VII-99, ISBN 92-828-6785-4,
Luxembourg.
INFRAS, IWW (2000), External costs of transport, study carried out for the UIC
(International Ra ilway Union), Paris, 2000
IPCC (Intergovernmental Panel on Climate Change) (1996) Climate Change 1995: Economic
and Social Dimensions of Climate Change. Contribution of Working Group III to the second
assessment report of the IPCC. Cambridge University Press, Cambridge.
IPCC (2001) Climate Change 2001: Mitigation. Contribution of Working Group III to the
third assessment report of the IPCC. Cambridge University Press, Cambridge.
Nellthorp, J., Mackie, P.J. and Bristow, A.L. (1998) Measurement and valuation of the
impacts of transport initiatives. EUNET Deliverable 9, ITS Leeds.
SIKA (1999) Utvärdering av den regionala infrastrukturplaneringen 1998-2000. SIKA
Rapport 1999:1.
SIKA (2000) Summary of ASEK estimates. SIKA Report 2000:3, SIKA, Stockholm.

6.2 Urban sprawl
Burton E (2000), The Compact City: Just or Just Compact? A Preliminary Analysis Urban
Studies, 37(11), pp. 1969-2001.
Camagni, R., Gibelli, M.C., (1996), Cities in Europe: Globalisation, Sustainability and
Cohesion, in Presidenza del Consiglio dei Ministri, Dipartimento Politiche Comunitarie,
European Spatial Planning, Rome, Poligrafico dello Stato.
Elkin T., McLaren D., Hillman M., (1991), Reviving the City; Towards Sustainable Urban
Development, Friends of the Earth, London.
European Commission (1997), ESDP—European Spatial Development Perspective: Towards
a Balanced and Sustainable Development of the Territory of the European Union,
Luxembourg, Office for Official Publications of the European Communities.

The PLUME Consortium

Page 13

November 2003

PLUME: Synthesis Report on Environmental Problems

HM Government, (1995), Our Future Homes, Opportunity, Choice, Responsibility, The
Governments' Policies for England and Wales, Department of the Environment and Welsh
Office, HMSO, London.
Orfeuil J.P. (2001), L’evolution de la mobilitéquotidienne. Comprendre le dynamiques,
éclairer le controverses, Synthèses INRETS, 37(146).
Servant L. (1996), L’automobile dans la ville, Cahiers du IAURIF, n. 114.
Transportation Research Board, National Research Council (1998) The Costs of Sprawl –
Revisited, National Academy Press, Washington, D.C.

6.3 Impacts on Monuments
AA. VV., Influenza dell'inquinamento atmosferico sulla conservazione dei monumenti in
pietra calcarea, in “Tecnical Bollettin” del National Bureau of Standards, n° 130; Barcellona.
F. Gudobaldi., Manutenzione e conservazione della chiesa di S. Giacomo degli incurabili,
Ricerche d'archivio ed analisi, in “Problemi di Conservazione”, a cura di G.Urbani, Ed
Compositori, Bologna, 1973, pagg. 403-425.
E. M. Winkler, Stone properties, durability, in men's environment, Springer Verlag, New
York, 1973.
E. M. Winkler, Stone decay in urban atmosphere, in "Decay and preservation of stone",Eng.
Geology Case Histories, n°11, The Geol. Soc. of Am., Boulder, Colorado, 1978, pagg. 53–
61.
D. B. Honeyborne, C.A Price, Air pollution and the decay of limestone, B.R.E. Note, 117/77;
G. Sleater, Development of performance criteria for the selection of stone preservatives in
“Decay and preservation of stone”, Eng. Geology Case Histories, n°11, The Geol. Soc. Of
Am., Boulder ,Colorado, 1978, pagg. 53-71.
M. Laurenzi Tabasso, Analisi dei campioni prelevati dalla Madonna delle Anime Oranti,
Rapporto interno I.C.R., Roma, 1978.
M. Laurenzi Tabasso, Analisi dei campioni prelevati dalle Statue di S. Pietro e S.Paolo di F.
Mochi, Scheda di analisi n° 771 del 17/11/1982, I.C.R.Roma.
E. La Rocca [a cura di], Ara pacis Augustae, in occasione del restauro della fronte orientale,
Edizione L'Erma di Bretshneider, Roma, 1978.
F.H. Haynie, Deterioration of marble, Durability of Building Materials, n° 1, 1983, pagg.
241-254.
R.A. Livingston, N. S. Baer, Relazione presentata al 77th Annual Meeting of Air Pollutions
Control Association, paper n° 84-83 -2, S. Francisco C.A.,1984.
E. Keppens, E. Roekens , R. Van Griechen, Effect of pollutions on sandy limestone of a
historical cathedral in Belgium, Reprints of the Vth Int Congress on deterioration and
Conservation of Stone, Lausanne, 1985, pagg. 499-507.

The PLUME Consortium

Page 14

November 2003

PLUME: Synthesis Report on Environmental Problems

F. Zezza, Analisi e controlli non distruttivi, in “Il restauro dei portali della Basilica di
S.Nicola a Bari” Ed. Palombi ,Roma, 1986, 16-27.
Anon. Natural weathering rate of historical buildings European Cultural Heritage, vol.I,
n°3, 1987, pagg. 5-8.
M.L. Cardilli Alloisi, I. Di Bella, La fontana del Tritone di G.L. Bernini - Problemi di
restauro e manutenzione, , pagg. 517-529.
M.L Cardilli Alloisi,Il Tritone restaurato, Ed Quasar, Roma ,1988.
E. Roekens, R.Van Grieken, Rates of air pollution induced surface recession and material
loss for a cathedral in Belgium, Atm. Environment, vol. 23, n° 1, 1989, pagg.271-277;
Y Doganis., E. Papakostantinou, D. Charalambous, The state of deterioration in the
Parthenon marble and its conservation, Committee for the preservation of the Akropolis
monuments, Ministry of Culture, Athens 1989, 153-157;
M. Laurenzi Tabasso, M. Marabelli, Colonna Antoniana: inquinqmento atmosferico e stato di
conservazione del marmo, in “Città inquinata - I monumenti”, [a cura di A. Montanari, P.
Petraroia], Ist. Poligrafico dello Stato, Roma ,1989, pagg.119-124.
S. Massa, M. Paribeni, Il deperimento delle opere d’arte: Cause, evoluzione, possibilità di
valutazioni quantitative, in “Ricerche di Storia dell’Arte”, Rassegna: la Scienza e l’Arte della
Conservazione, n° 16, 1982, pagg. 11- 18
M. Paribeni, Cause di degrado e nature di esse. Inquinamento atmosferico e da umidità, in
“La conservazione dei monumenti. Metodologie di ricerca e tecniche di consolidamento”.
Atti del primo corso di informazione ASSIRCO, 1979, pagg. 41 – 43.
M. Paribeni, Effetti del dilavamento sulle strutture murarie, in “La conservazione dei
monumenti. Metodologie di ricerca e tecniche di consolidamento”. Atti del primo corso di
informazione ASSIRCO, 1979, pagg.57 - 59.
S. Massa, Metodi di simulazione del degrado: Rilevamento delle sollecitazioni ambientali e
stima degli effetti, in “ Bollettino d’arte”, supplemento al n° 41, 1987, pagg. 87 – 90.
F. Guidobaldi, Valutazioni semi-quantitative della corrosione superficiale indotta dalle
piogge dilavanti su monumenti in marmo e pietra calcarea, in “Studi e Ricerche sulla
conservazione delle opere d’arte alla memoria di M. Paribeni, CNR, 1994.
S. Massa, Riflessioni sulla morfologia dei processi di degrado nelle opere d’arte, in “Scritti
ed immagine in onore di Corrado Maltese”, ed. Marconi Stella, 1997, pagg. 253 –258.
A. Behlen, C. Wittenbourg, M. Steiger, W. Dannecker, Dry deposition of NO, NO2 , HONO,
HNO3 , and PAN on historical buildings stones, “8th International Congress on deterioration
and conservation of stone”, Berlin, 1996, pagg. 377 – 385.
F. Lipfert, Atmospheric damage to calcareous stones: Comparison and reconciliation of
recent experimental findings, in “Atmospheric Environment, General Topics”, vol. 23, n° 2,
1989, Pergamon Press, Great Britain, 1989, pagg. 415 –429.

The PLUME Consortium

Page 15

November 2003

PLUME: Synthesis Report on Environmental Problems

F. Lipfert, Application of a Theory for Economic Assesment of Corrosion Damage, in
“Materials degradation caused by acid rain”, Washington DC, American Chemical Sociaty,
1986, pagg. 408 – 430.
F. Guidobaldi, Piogge “acide” e piogge “naturali”: Analisi dell’interazione diretta con i
monumenti in marmo o pietra calcarea, in “Bollettino d’arte”, supplemento al n° 41, 1987,
pagg. 73 – 85
G. Torracca, Effetti dell’inquinamento atmosferico sui materiali da costruzione nei
monumenti, di Istituto di Fisica Tecnica – CNR, Roma, Centro StudiCause di Deperimento e
Metodi di Conservazione delle Opere d’Arte, 1985, pagg. .1- 23, estratto.
A.A. Mikhailov and M.N. Suloeva: Mapping material damages of limestones and sandstone
on the territory of the European part of Russia, in "8 th International Congress on deterioration
and conservation of stone", Berlin, Germany, 30. 9.- 4.10.1996, ed. J.Riederer, vol. 1, pagg.
71-78.
K. Torfs, R. Van Grieken, J. Cassar: Monitoring environmental parameters to explain stone
deterioration: Church of Sta, Marjia Ta Cwerra, Malta, in "8th international congress on
deterioration and conservation of the stone”, Berlin1996; Germany, 30. 9.- 4.10.1996, ed.
J.Riederer, vol. 1, pagg.265-271.
C. Sabbioni; G. Zappia, N. Ghedini, G. Gobbi: Carbon due to atmospheric deposition on
stone monuments and historical building, in“ 8th International Congress on Deterioration and
Conservation of the stones”, Berlin1996, Germany, 30. 9.- 4.10.1996, ed. J.Riederer, vol. 1,
pagg 333-339
F. Girardet,V. Furlan, E.P.Aussatte, M. Del Monte: Etude experimental de la prise en souffre
d'un calcaire et d'un gres calcareux dans la chambre de simulation atmospherique de
louisanne, in“8th International Congress on Deterioration and Conservation of the stones”
Berlin1996; Germany 30. 9.- 4.10.1996 ed J.Riederer vol. 1. pagg 349-358;
L. Binda; T. Squarcina; R.Van Hees:Determination of moisture content in mansory
materials: calibration of same direct methods, in "8th international congress on deterioration
and conservation of the stone”, Berlin1996, Germany, 30. 9.- 4.10.1996, ed. J.Riederer, vol.
1, pagg.423-435
B. Sizov: Evaluation of moisture content measurements in stones in "8th international
congress on deterioration and conservation of the stone”, Berlin1996; Germany, 30. 9.4.10.1996, ed. J.Riederer, vol. 1, pagg 437 440
D. Hoffmann; K. NieselR. Plagge:Relationship between pore structure and other physicaltechnical characteristics of stone in "8th international congress on deterioration and
conservation of the stone”, Berlin1996; Germany, 30. 9.- 4.10.1996, ed. J.Riederer, vol. 1,
pagg 461-472
M. Steiger; A. Zeunert:Crystallization properties of salt mixtures: comparisons of
experimental results and model” in "8th international congress on deterioration and
conservation of the stone”, Berlin1996; Germany, 30. 9.- 4.10.1996, ed. J.Riederer, vol. 1,
pagg 535-544

The PLUME Consortium

Page 16

November 2003

PLUME: Synthesis Report on Environmental Problems

J. Puhringer: Deterioration of material by hydraulic pressure in salt/water system an outline
model in "8th international congress on deterioration and conservation of the stone”,
Berlin1996; Germany, 30. 9.- 4.10.1996, ed. J.Riederer, vol. 1, pagg 545-557.
M. Del Monte, C.Sabbioni, O.Vittorini: Urban stone sulphation and oil fried carbonaceus
particle, in "The science of total environment",vol. 36, 1984, pagg369-376.
N. Ghedini, G. Gobbi, C. Sabbioni, G. Zappia: Deterioration of elemental organic carbon on
damaged stone monuments, in "Atmospheric Environment", vol. 34, 2000 pagg 4383-4391,
C. Sabbioni, G. Zappia ,N. Ghedini, G. Gobbi, O. Favoni : Black crusts on ancient mortars,
in "Atmospheric Environment", vol. 32, No. 2, 1998, pagg 215-223,
G. Gobbi, G. Zappia, C. Sabbioni: Sulphite quantification on damaged stones and mortars, in
"Atmospheric Environment", Vol. 34, No.4, 2000 pagg 783-789,
G. Zappia C. Sabbioni,C. Riontino, G. Gobbi, O. Favoni: Exposure tests of building material
in urban atmosphere in "The science of total environment",vol. 224, 1998 pagg 235-244,
C. Riontino, C. Sabbioni, N. Ghedini, G. Zappia, G. Gobbi, O. Favoni: Evaluation of
atmospheric deposition on historic building by combained thermal analysis and combustion
tecniques, in "Thermochimica Acta", No. 321, 215-222
D.Camuffo: Asprtti metereologici e microclimatici nel degrado dei materiali lapidei, in
"Conservazione del patrimonio culturale , Accademia Nazionale dei Lincei",1994, pagg 9-27.
Literature survey and course notes from Specialisation School for the Study and the
Restoration of Monuments- University of Rome “La Sapienza”.

6.4 Noise
WG1: Noise Indicators. Final position paper on EU noise indicators, 1999.
http://www.xs4all.nl/~rigolett/ENGELS/wg1/wg1fr.htm
Morgan, P.A. & Nelson, P. 2000, Selection of interim EU computation methods for road and
rail transport noise, Transport Research Laboratories Project Report PR/SE/116/00,
Crowthorne, Berkshire, UK.
Forschungsgesellschaft Für Das Verkehrs- Und Straßenwesen. Guideline RVS 3.02
"Environmental Protection - Protection against noise". Vienna, Austria (Postal address:
Eschenbachgasse 9, A-1010 Wien), 1997.
Ministère de l'Equipement, du Logement, des Transports et du Tourisme, Centre d'Etudes sur
les Réseaux, les Transports, l'Urbanisme et les Constructions Publiques, Service d'Etudes
Techniques des Routes et Autoroutes, Laboratoire Central des Ponts et Chausseés and Centre
Scientifique et Technique du Bâtiment. Pr S 31133: NMPB. Bruit des infrastructures de
transports terrestres. Calcul de l'atténuation du son lors de sa propagation en milieu extérieur,
incluant les effets météorologiques. Ministère de l'Equipement, du Logement, des Transports
et du Tourisme, France, 1999.
Bundesminister für Verkehr (Abteilung Strassenbau). Richtlinien fuer den Laermschutz an
Strassen - RLS-90. Forschungsstelle für trassen- und Verkehrswesen, Koeln, Germany, 1990.

The PLUME Consortium

Page 17

November 2003

PLUME: Synthesis Report on Environmental Problems

De Minister Volksgezondheid En Milieuhygiëne. Reken-, en Meetvoorschrift Verkeerslawaai
II, The Hague, Netherlands, 1981.
Nordic Council Of Ministers. Road Traffic Noise – the Nordic Prediction Method.
TemaNord. 1996/525
Department Of Transport and Welsh Office. Calculation of Road Traffic Noise. London:
HMSO, 1995.
Menge, C.W.; Rossano, C.F.; Anderson, G.S. & Bajdek, C.J. 1998, FHWA Traffic Noise
Model, Version 1.0: Technical Manual, U.S. Department of Transportation, Cambridge, USA
Van Leeuwen H J A. Report I.97.0949 – Comparison of prediction models for road traffic
noise. DGMR Consulting Engineers BV., The Hague, The Netherlands, 1997
H J A van Leeuwen and D Manvell, 1998. A common European calculation standard for
traffic noise: Utopia or reality. Proceedings of Institute of Acoustics Spring Conference 1998.
C Steele. 2001. A critical review of some traffic noise prediction models. Applied Acoustics
62, 271-287.
MITHRA see www.01db.com
EMPA. 1987. Model de calcul de bruit du trafic routier pour ordinateur, 1iere partie, manuel
d’utilisation du logiciel STL-86. Berne, Office federal de la protection de l’environnement
M Koyasu. 1978. Method of prediction and control of road traffic noise in Japan. Proceedings
of Internoise 1978.
W Probst and B Huber. 2001. Integration of GIS data into city-wide noise maps. Proceedings
of the Institute of Acoustics. Vol 23. part 7. 29-36.
Danish Electronics, Light &Acoustics (DELTA) 1999, Framework for the verification of
environmental noise calculation software, Nordtest project 1455-99, Lyngb y, Denmark
N D Porter, I H Flindell and B F Berry. 1998. Health effect-based noise assessment methods ;
a review and feasibility study. NPL Report CMAM 16
SHAW E. Noise environments outdoors and the effects of community noise exposure. Noise
Control Engineering 44 (3), May-Jun, p109-119, 1996.
PORTER N D , Night noise contours: a feasibility study, NPL Report CMAM 4, 1997
NETHERLANDS Health Council: Committee on a Uniform environmental noise exposure
metric. 1995. Assessing noise exposure for public health purposes. Report 1997/23E, 1997.
IEH, Institute for Environment and Health. 1997. Workshop on non-auditory health effects of
noise. Draft Report September 1997.
MORRELL S, Taylor R, Lyle D. A review of health effects of aircraft noise. Australian and
New Zealand Journal of Public Health, 1997. Vol. 21, No. 2, 221-236, 1997
BERGLUND B. Aircraft noise and health, in the second airport regions conference (ARC),
Vantaa, Finland, pp111-119, 1996.
THOMPSON S J. Non-auditory health effects of noise - an updated review. Proceedings of
Internoise 96. Vol. 4. 2177-2182, 1996.
The PLUME Consortium

Page 18

November 2003

PLUME: Synthesis Report on Environmental Problems

FIDELL S, Barber D, Schultz T. Updating a dosage-effect relationship for the prevalence of
annoyance due to general transportation noise, JASA 89. 15-28, 1991.
JOB RFS. The influence of subjective reactions to noise on health effects of the noise.
Environment International, Vol. 22, No. 1, 93-104, 1996.
MIEDEMA H M E and Vos H. Exposure-response relationships for transportation noise.
JASA 98. 1998.
BERGLUND B and Lindvall T. Community Noise, Archives of the Center for Sensory
Research, Stockholm University and Karolinska Institute,
Miedema, H.M.E; C.G.M. Oudshoorn, Annoyance from transportation noise: relationships
with exposure metrics DNL and DENL, and their confidence intervals. Environmental Health
Perspectives 109 (4), 2001, 409 - 416.
Gerretsen, E., A.R. Eisses, J.B. Fritz, H.C. Borst, “Urbis: instrument voor Lokale
MilieuVerkenningen, Rekenmethoden voor Geluid”, TNO-report PG/VGZ/00.039, Leiden,
1999.

6.5 Health Impacts
Abbey DE, Nishino N, McDonnell WF, Burchette RJ, Knutsen SF, Lawrence BW et al.
Long-term inhalable particles and other air pollutants related to mortality in nonsmokers.
Am.J.Respir.Crit Care Med. 1999;159(2):373-82.
Anderson HR, Ponce dL, Bland JM, Bower JS, Emberlin J, Strachan DP. Air pollution,
pollens, and daily admissions for asthma in London 1987- 92. Thorax 1998;53(10):842-8.
10
Bellander, T., Svartengren, M., Berglind, N., Staxler, L., and Jarup, L. SHAPE - The
Stockholm Study on health effects of air pollution and their economic consequences. Part II:
particulate matter, nitrogen dioxide, and health effects, Exposure-response relations and
health consequences in Stockholm County. 160. 1999. Stockholm, Vagverket.
Braun-Fahrlander C, Vuille JC, Sennhauser FH, Neu U, Kunzle T, Grize L et al. Respiratory
health and long-term exposure to air pollutants in Swiss schoolchildren. SCARPOL Team.
Swiss Study on Childhood Allergy and Respiratory Symptoms with Respect to Air Pollution,
Climate and Pollen. Am.J.Respir.Crit Care Med. 1997;155(3):1042-9.
Cifuentes L, Borja-Aburto VH, Gouveia N, Thurston G, Davis DJ. Assessing the health
benefits of urban air pollution reductions associated with climate change mitigation (20002020): Santiago, Sao Paulo, Mexico City, and New York City. Environ.Health Perspect.
2001.
Dockery DW, Pope AC, III, Xu X, Spengler JD, Ware JH, Fay ME et al. An association
between air pollution and mortality in six U.S. cities [see comments]. N.Engl.J.Med.
1993;329(24):1753-9.
Dockery DW, Pope CA, III. Acute respiratory effects of particulate air pollution.
Annu.Rev.Public Health 1994;15:107-32.

The PLUME Consortium

Page 19

November 2003

PLUME: Synthesis Report on Environmental Problems

Donnan, P. T., Harrison, R. M., King, K., Stedman, J. R., and Stevenson, K. J. Towards
assessing and costing the health impacts of ambient particulate air pollution in the UK. 2000.
Edimburgh, Institute of Occupational Medicine.
Forastiere F, Corbo GM, Pistelli R, Michelozzi P, Agabiti N, Brancato G et al. Bronchial
responsiveness in children living in areas with different air pollution levels.
Arch.Environ.Health 1994;49(2):111-8.
Hurley, J. F., Holland, M. R., Markandia, A., Miller, B. G., Anderson, H. R., Ayres, J.,
Gamble JF. PM2.5 and mortality in long-term prospective cohort studies: cause-effect or
statistical associations? Environ.Health Perspect. 1998;106:535-49.
Katsouyanni K, Touloumi G, Spix C, Schwartz J, Balducci F, Medina S et al. Short-term
effects of ambient sulphur dioxide and particulate matter on mortality in 12 European cities:
results from time series data from the APHEA project. Air Pollution and Health: a European
Approach [see comments]. BMJ 1997;314(7095):1658-63.
Kuenzli N, Kaiser R, Medina S, Studnicka M, Chanel O, Filliger P et al. Public-health impact
of outdoor and traffic-related air pollution: a European assessment. Lancet 2000;356:795801.
Poloniecki JD, Atkinson RW, de Leon AP, Anderson HR. Daily time series for
cardiovascular hospital admissions and previous day's air pollution in London, UK.
Occup.Environ.Med. 1997;54(8):535-40.
Pope CA, III, Thun MJ, Namboodiri MM, Dockery DW, Evans JS, Speizer FE et al.
Particulate air pollution as a predictor of mortality in a prospective study of U.S. adults.
Am.J.Respir.Crit Care Med. 1995;151(3 Pt 1):669-74.
Samet, J. M., Zeger, S., Dominici, F., Curriero, F., Coursac, I., Dockery, D., Schwartz, J., and
Zanobetti, A. The national morbidity, mortality, and air pollution study. Part II: morbidity,
mortality, and air pollution in the United States. 94, Part II. 2000. Cambridge, MA, Health
Effects Institute.
Schwartz J. PM10, ozone, and hospital admissions for the elderly in Minneapolis-St. Paul,
Minnesota. Arch.Environ.Health 1994;49(5):366-74.
Schwartz J, Slater D, Larson TV, Pierson WE, Koenig JQ. Particulate air pollution and
hospital emergency room visits for asthma in Seattle. Am.Rev.Respir.Dis. 1993;147(4):82631.
Wordley J, Walters S, Ayres JG. Short term variations in hospital admissions and mortality
and particulate air pollution. Occup.Environ.Med. 1997;54(2):108-16.

The PLUME Consortium

Page 20

November 2003

