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Abstract
Environmental noise has been linked to a number of epidemiological indicators
for stress, coronary disease, respiratory disease and other medical issues. Public
understanding of the concept is poor, and public information sites are complex,
not presenting users with context relevant information. The Open Source mapping
system OpenStreetMap was used to develop an online public information resource
for the city of Southampton. A key element of this was the development of an
interactive map which allowed the user to explore the city from a noise
perspective, and to investigate access to quiet spaces using a routing algorithm in
the mapping system.

Introduction and Background

The relationship between the environment in which we live and quality of life has
been assessed by environmental scientists and others for many years — issues
such as air and water pollution, housing quality and social deprivation have been
linked to factors including health problems and educational attainment, giving the
overall picture known as Environmental Impact Assessment.

The issue of environmental noise as a ‘pollutant’ and its impact on health and
welfare has become of increasing interest and importance in recent years across
the majority of industrialised countries. Loud noise has for a long time been
recognised as posing a risk to hearing, however lower levels of ‘environmental
noise’, particularly that caused by road, rail and air traffic as well as heavy
industry, has been linked to a number of non-auditory health effects (Babisch,
2005).

A key issue is that we cannot switch off our hearing system. Although humans
may be able to ignore noise to a degree, hearing is a permanent process and noise
can affect us at the subconscious level. Even low levels of noise that are
considered ‘safe’ in terms of hearing can cause health effects such as increased
stress hormone (Babisch, 2000), increased blood pressure (Haralabidis et al.,
2008), and reduced cognitive performance (Bistrup et al., 2001) and have even
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been linked to increase in cardiovascular risk with increasing noise exposure
(Babisch, 2000). The effect of noise on people has therefore become now a key
topic in both environmental science and acoustics education. Despite this,
environmental noise exposure is not currently used as an indicator for UK social
deprivation statistics.

Not all sounds are categorised as noise. Natural sounds such as the rustling of
leaves or waves crashing in a beach are considered positive and may increase
well-being. In urban green spaces, positive soundscapes such as the sound of
fountains or bird song are desirable features. The study of tranquil spaces is a
relatively novel area of research and has been little studied in terms of health.
Quietness and tranquillity have been found to contribute to satisfying lives for
older people and exposure to tranquil areas of nature is thought to be stress
reducing (Ohrstrom et al., 2006) and have positive effects on physical and mental
well-being within the framework of a healthy lifestyle.

In 2002 the European Union (EU, 2002) developed the European Environmental
Noise Directive (END). This requires large urban areas to model environmental
noise, and to develop strategies to help protect people from the effects of noise.

In particular there has been recent interest in the need for access to ‘quiet’ space
to get away from noisy environments. The UK Department for Farming,
Environment and Rural Affairs (DEFRA) defines quiet spaces as parkland ‘green’
spaces of at least 9 hectares in size and with an average noise level falling below a
defined threshold. The concept of access to quiet moves away from a simplistic
view of noise exposure, and ‘tranquillity deprivation’ could be considered more
important to a location than average noise as it considers whether inhabitants are
able to mitigate noise exposure using other resources.

The Aarhus Convention (UNECE, 1998) established the right of everyone to
receive environmental information held by public authorities, which can include
information on the state of the environment, on policies or measures taken, or on
the state of human health and safety where this can be affected by the state of the
environment. However, despite this, public awareness and education about noise
exposure issues has traditionally been poor (WG-AEN, 2008). In particular the
complex information provided by governments and organisations is difficult to
understand as it uses measures and standards with which the general public is not
familiar (WG-AEN, 2008). The understanding of key information by the general
public is therefore limited, reducing their input into environmental decision
making:

For an effective public engagement, the public’s understanding of
environmental noise information is essential and it is very critical to
present such information in such a way that it is easily understood and
digested by the general public. (Law et al., 2006)
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The question is how people can get information about noise exposure and in their
neighbourhood linked to other relevant information. This includes access to quiet
spaces, socio-economic indicators and health information that can be used to
support decision making processes regarding lifestyle and health, and to support
their input into environmental assessments in their residential location.

Web-based systems allow the presentation of complex information in a number of
ways — in particular including interactive elements, and the layering of
information to make complex data more accessible. While the use of online
presentation of public health information is widespread, systems where the user
can interact with material present the largest benefits to the user. Adults want
learning linked to the real world (Schank, 1997) and to be based on their previous
experience (Hartley, 2000). Graphical feedback and explanation also improves
comprehension and retention of information (Rebetez & Bétrancourt, 2007).

This paper discusses the development of an online system that will be used to
both educate environmental science students about environmental noise around
the city of Southampton (UK) and to give the general public useful information
and tools about environmental noise and tranquillity deprivation that will allow
them to have a better understanding of noise in their local environment and how it
might affect them, while meeting some of the strategic targets of the END.

Aims and Objectives

The main aim of the project was to develop an online resource for the city of
Southampton which would allow users to understand both the key concepts of
environmental noise and in particular give access to information regarding
individual access to quiet space. This would also be linked to other social metrics.
As most people are not able to easily move residential location, presenting
practical information about access to quiet would give a practical application of
the site which would be of use and interest to users.

A primary objective was set to develop a system which would link socio-
economic data, residential addresses and spaces which have been identified as
quiet spaces under the END modelling. The second objective was then to
integrate this model into an educational website which would allow users to
understand the ideas and then interact with the model.

Stage 1

The first stage of the project was to analyse and map the key data that was needed
to present to the public. This was split into three parts — social analysis,
environmental noise analysis, and quiet space accessibility.



Education and Technology: Innovation and Research. Proceedings of ICICTE 2011 733

Social analysis. Southampton is a port city on the south coast of the UK (Figure
1), at the confluence of the river Test and the river Itchen, with the river Hamble
joining just to the south of the city. It has a population of around 235,000.
Southampton’s parks make it the one of the greenest cities in Southern England.
Close to the Old Town are seven formal parks which were originally common
land in medieval times.

The largest of the parks (133 hectares) is Southampton Common, located
relatively close to the city centre, and designated a Site of Special Scientific
Interest. Five of the parks are over the 9 hectares stipulated by the END as the
minimum size for a designated ‘quiet space’, and, of these, two are in locations
which are above the minimum noise threshold due to proximity to the airport or
major roads, while one is mainly taken up by sports pitches, leaving two parks
(Southampton Common and Mayfield Park) which can be designated ‘quiet
spaces’ according to the UK classification.

Figure 1: The City of Southampton
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(source: OpenStreetMap.org)

In order to identify the most disadvantaged areas in England, deprivation indices
are used so that resources can be appropriately targeted. To be able to measure
deprivation at a smaller spatial scale, studies have been conducted at the ‘Lower
Super Output Area’ (LSOA) level (Figure 2). These are a unit of geography used
in the UK for statistical analysis by the UK Office for National Statistics. SOAs
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were created with the intention that they would not be subject to frequent
boundary change. This makes SOAs more suitable to long-term analysis than
other geographical units (such as political wards) because they are less likely to
change over time.

Lower SOAs have a minimum population of 1000 and mean population 1500.
Each domain is assessed using a number of indicators, such as household
overcrowding, criminal damage, houses without central heating, and so on. In
total 38 indicators are used, but none of these indicators take into account
environmental noise pollution.

Figure 2: LSOAs in Southampton, with Location of Major Parks
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Social data for Southampton’s LSOAs were derived from the Office for National
Statistics (Noble et al., 2008) and this data was mapped using a Geographical
Information System (GIS) against the LSOA boundaries. As a large number of
social statistics are presented for LSOAs, it was decided to use the global
‘Multiple Deprivation Index’ (Figure 3) as the core social statistic as this
summarizes the other indicators (Hampshire County Council, 2008). The latitudes
and longitudes for all residential postcodes in Southampton (NSPD, 2010), were
then mapped against LSOA boundaries to allow specific locations to be linked to
its LSOA.
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Figure 3: Multiple Deprivation Indicator at LSOA Level
(darker areas have greater deprivation)
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Environmental Noise Analysis. Under the requirements of the EEND, member
states are required to model the noise exposure from road, rail, air, and industrial

infrastructure for all large urban agglomerations with a population of more than

250,000 (Figure 4). In the UK this data is held by the Department for

Environment, Food and Rural Affairs. While there are a number of issues with
this dataset — such as lack of information relating to social behaviour — it is

comprehensive and links directly to the information presented for other cities and

countries. It was therefore decided to use this data rather than undertake new

modelling.

Figure 4: Combined Noise Exposure (road, rail, air, industry)
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The data for the END is mapped at a far higher resolution than the LSOA data, so
the noise data was imported into a GIS layer and noise for each LSOA in
Southampton was averaged (Figure 5).

Figure 5: Mean Exposure to Noise by LSOA
(darker areas are noisier)
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Quiet area access. In order to assess quiet area accessibility, the distance from a
location to the nearest quiet space was calculated. This was initially undertaken
manually, calculating the distance from the centroid of each LSOA to the edge of
the nearest quiet area. This was then refined using the open source mapping
environment OpenStreetMap. A script was written that would calculate the
straight line distance from any postcode to the nearest quiet space, and this was
averaged for each LSOA.

As city topology can mean that straight line distance is often not the most accurate
distance measurement (for instance where rivers/rail lines intersect with a route)
this was then further refined by developing a more advanced script based on a
modified version of the Routino routing algorithm. This calculated distance to the
nearest quiet space in the city via pedestrian route. The accessibility level was
computed using the following formula (Battaner-Moro et al., 2010).

L. =10log(D/D,.)
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Where D is the mean distance to the nearest quiet area from the geographical
centroid and Dmin is the shortest distance. The quiet area accessibility metric is
calculated by taking the average of: Mean exposure to noise (Lgen) + accessibility
level for each LSOA (Lacc). This is shown in Figure 6.

Figure 6: Access to Quiet Areas Metric
(darker areas indicate poorer access)
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Stage 2: Interactive System

The next stage of development was to integrate this information into an
interactive system to present to users. As the OpenStreetMap system had been
used to develop the quiet area metrics, it was decided to continue to use this
platform to present the data.

The routing algorithm was developed so that users could either enter a postcode
or click on the map and the straight line route/distance to the nearest quiet space
would be shown. This was then refined to show the pedestrian route and distance
(in km) to the nearest park (Figure 7).
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Figure 7: Mapping with Pedestrian Routing to Nearest Quiet Space

738

Nl BT
f - g Uni ! =
- : niversi o ~ g—
[s- ~, Jof Sou_mamtyton Hampton Park —
ool 7 % T Hightie é” N prear?ﬂ
o i G emets 3 N
------ i3, iy ,.j: y
k lighfield Riverside Bitterne
Shirley RO [ ark Park
= - Southampton | A% Seconda
mmon ¢ % hool
Southampton

Old Cemetry

Each metric gives a value on a 5 point scale for each LSOA. This data was

entered into a database which for each LSOA gave the latitude and longitude of
the centroid position, an arbitrary reference number and the values 1-5 for each

metric (Table 1).

Table 1: Excerpt from LSOA Database

Multiple Environ Quiet
Name Areacalc  Centroidx Centroidy Dep noise Access
029D 250505 -1.39811 50.8879 2 3 3
032D 148164 -1.36994  50.8792 2 2 2
031E 1.28775 -1.37762  50.8842 3 4 3
019C 2.02331 -1.45093 50.9103 3 3 5
009B 0.610815 -1.40266  50.9312 2 3 4
003B 0.998349 -1.36388  50.9408 1 2 2

A series of graphical representations were designed to clearly represent each of

the three key indicators, and the database was linked to the interactive map
when a position on the map was clicked on or a postcode entered, a callup

so that

window opened showing the indicators for that location, in addition to the route

and distance to the nearest quiet space (Figure 8).
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Figure 8: Mapping including Local Metrics and Route to Quiet Space
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Stage 3: Website integration

The final stage for the project was to integrate the interactive mapping into a
simple educational website which includes a range of information about
environmental noise and its effects on people, along with explanations of the
basics of environmental noise modeling (Figure 9). This site is designed to be
simple, visually appealing and based around the concept of people ‘exploring’ the
city, and using supporting facts and information to aid their understanding,
moving away from the dry, ‘fact-led’ approach of many public information sites.

Figure 9: Front End for the Pilot Website
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Conclusion

The majority of public information sites are didactic in nature, presenting
complex information with minimal interactivity. This site aims to use the
discovery learning capability of the map combined with supporting information to
help people explore the concepts of noise and access to quiet around their city.
The use of OpenStreetMap has allowed the presentation of complex, location
specific information in an easy to understand, relevant manner.

The site blends general ‘knowledge based’ information to explain concepts with
‘context specific’ information for each location. This allows users to explore the
city online, relating the information to their own knowledge of the area. This is
based on a constructivist concept, whereby the learner draws on their own
experience, and explores a problem with questioning and experimentation to
discover new relationships and facts (Bruner, 1967), which may increase content
relevance and learner engagement (Rieber et al., 2004).

This project is designed to help educate both students and the public about their
local environment and give interactive, practical information which they will find
relevant and useful. The project site is in the process of being trialled as a pilot
with undergraduate environmental science students before open release to the
general public.
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