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INTRODUCTION

Urban population is increasing all
over the world. Approximately 75% of
the European population live
nowadays in urban areas. To face
this problem new policies have been
developed. These policies are
focused in urban sustainability by
Integrating diverse aspects that can
Improve quality of life of inhabitants
and resource preservation.

Under this context, green spaces are
essential elements in urban
sustainability, balancing the three
essential dimensions: environmental,
social and economic (Fig. 1), since
they can provide multiple
environmental services, contributing
to high-quality environments in our
cities (Givoni, 1991; Bolund P. and
Hunhamar S., 1999; De Ridder et al.,
2004; Nowak D. J., 2006).

Increase in Biodiversity

Risk Prevention and Control Aoty g @Al

Environment Noise Attenuation

Effects on Urban Climate Thermal Comfort Improvements

Environmental Education

Production of goods Green Spaces

Recreation and
physical Activities

Econom
y Aesthetics value

Society
Economic Activities

(Tourism, etc.) Social Interaction

Psychological Effects

Added Value to Buildings Green Jobs

Figure 1: Environmental, social and economical functions
of green spaces.

The GREENURBE Project aimed to
assess the global impact of green
space on urban environmental
guality, in order to formulate
recommendations regarding green
spaces design, as an essential
activity in urban planning. This
research was developed throughout
the last four years in the city of
Braganca, a small city located in the
Northeast of Portugal, having an
approximated area of 25 km? and
27000 inhabitants. Furthermore, the
city of Braganca has a complex land
cover mosaic including, besides
paved surfaces, a large portion of
both formal (gardens and parks) and
Informal open spaces (farms,
woodlands, etc.) (Figure. 2).

Figure 2: Simplified urban green structure, represented by
10 land use classes.

This project addressed the
Interactions between green spaces
and urban environmental quality,
namely their effects on air quality,
acoustic environment and thermal
comfort, as these spaces can have a
positive effect on its surrounding
environment , at both micro and
urban scales.

A brief overview of the project
framework as well as the main
results are presented In this poster.
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GLOBAL METHODOLOGY

The objectives of the GreenUrbe Project were approached from physical and
soclal perspectives. The physical approach involved several field studies at both the
urban and green spaces scale, covering measurements of air pollutants
concentrations (ozone, nitrogen dioxide, volatile organic compounds and PM10),
sound pressure levels, meteorological and other parameters related to thermal
comfort (Figure 3). The social approach consisted in assessing perceptions of
citizens over green spaces and their influence on the environment, alongside with
the assessment of their attitudes towards those spaces, by means of domiciliary
guestionnaires applied to a representative sample of local inhabitants as well as to
on-site users of such spaces. Physical analyses were then related with social
perception on green spaces characteristics and users attitudes. Users were asked
about their preferences and the way they perceive the environmental quality of each
green space.

MAIN RESULTS
AIR QUALITY

The influence of urban green spaces on local air quality was evaluated by
performing measurements of gaseous pollutants such as O,;, NO, and VOC, at
urban scale, from later spring to early summer, in 2006 and 2007. Air samples were
collected by means of passive sampling devices. Real time measurements of
PM10 were also conducted at green space scale with purpose of evaluating the
capability of vegetation in removing airborne particles. Results showed that urban
green spaces are zones where people is exposed to lower concentrations of
primary pollutants (e.g. NO, and VOC). The same can not be said for secondary
pollutants such as ozone, which tends to occur in higher concentrations in areas
somewhat away from the sources. Vegetation is also directly related with VOC
distribution since it is a source of biogenic VOC. The presence of vegetation in the
vicinity of air pollution sources (e.g. greenbelts along traffic roads) plays a key role
In lowering air concentrations of both particulate and gaseous pollutants (Figure 4).

SOUNDSCAPES QUALITY

Soundscapes were evaluated in four urban green spaces, during the daytime
period, by performing sound measurements and field surveys between May and
September of 2007. Results showed that traffic noise has a negative influence on
soundscapes in urban green areas, although some interviewees expressed
favourable opinion about it. It was evident that acoustic comfort evaluation can not
be based only on sound magnitude. People react to sound magnitude but other
attributes also have a relevant influence on sound perception. The introduction of a
pleasant sound can enhance the acoustic comfort considerably, even if the
magnitude of sound is high. Green spaces seem to be important elements in
creating pleasant soundscapes, as they might be habitats of several natural and
human pleasant sounds (Table 1 and Figure 5)

THERMAL COMFORT IN GREEN SPACES

The approach to thermal comfort in green spaces consisted on different
experiments, including structured studies, carried out in four different locations, In
late spring to early fall conditions .The methodology Is presented in Figure 5. Data
was analyzed using multinomial logistic regression (Hosmer and Lemeshow, 2000).
Results (Table 2) show that there is an expected impact on thermal sensations
driven by the change in meteorological conditions. Under colder conditions, the
Increase In air temperature (Ta) and global radiation (St) determines an approach to
neutrality, while the same change in predominately warm conditions increases the
heat stress. In such situation more intense wind could help restoring comfort
conditions. The change of individual from female to male significantly reduces the
odds of people feeling cold under the prevailing conditions. Choices on green
spaces configuration, generated relevant changes in global radiation and wind,
therefore influencing thermal comfort (Table 2 and Table 3).

PERCEPTION OF CITIZENS ON THE URBAN GREENSPACES

Surveys addressing the general population were conducted in order to assess
iInhabitants attitudes towards green spaces and users perceptions on their benefits.
Most of the respondents greatly value the presence of natural elements in green
spaces such as plants / flowers, lawns, trees, in combination with some artificial
ones (water features, benches and playgrounds) and show their preferences
towards larger and more complex spaces. Respondents positively evaluate most of
green spaces, and show awareness on some existent problems, thus identifying
moderate to low quality environments in some of the spaces, consistently with both
air quality and noise assessment (Figure 7).

CONCLUSIONS

The Greenurbe project highlighted the importance of the green spaces In
contributing to improve air quality, generating more pleasant soundscapes and
providing adequate thermal comfort conditions. Relations between benefits of
green spaces and their sizes, their physical and biological diversity, and their
location were found as well. Users attitudes are driven not only by proximity, but
also by the perceived quality, thus generating choices stimulated by the
complexity of spaces and the environmental and social services provided.
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Figure 4: a) Long-term concentrations of air pollutants at urban scale; b) Triplot of PCA with samples, pollutants and
environmental variables for a set of points exposed to traffic emissions.
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Table 1. Average values of acoustic and psychoacoustic indicators 90
obtained in the four urban green spaces - Fervenca greenway — Polis
(PO), Quinta da Braguinha park (BR), Cavaleiro Ferreira Square (CF) and

Antonio José de Almeida garden (AA). 70 -
60 o
Acoustic/Psychoacoustic T
parameter % 30
LAeq (dBA) 57 56 65 60 40 | "3
LAL (dBA) 65 65 70 68 30 | 2
LA10 (dBA) 60 58 66 63 | 1
LA50 (dBA) 56 52 64 57 20 i
LA9O (dBA) 52 48 63 55 10 — |
LA99 (dBA) 50 45 52 54 |
LApk (dBA) 91 92 97 95 0
LAr (dBA) 58 57 65 62 AA BR CF PO
G (Hz) 411 350 431 615 Location
N (sones) 10 8 17 10 Figure 5: Subjective rating of the acoustic
N° of measurements 56 39 53 53 comfort in the different green spaces in

accordance with a five level Likert scale.

Table 3: Parameters Estimation with Multinomial
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Green — unit change in variable increases odds of event
Red - unit change in variable increases odds of achieving
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Figure 7: a) Relative distribution of perceptions regarding the importance of different elements in green spaces, in accordance with
a five level Likert scale; b) Environmental quality assessment of the main urban green spaces (median values).

Green Spaces - Almeida Garden (AJA), Joao da Cruz Avenue(AJC), Coxa Park (BC), Braguinha park (BRA), Castle Gardens (JC)
Municipality Garden (JCM), Bus TerminalGardens (JE), Cavaleiro Ferreira Square (PCF) and Fervenca greenway — Polis (PO)

REFERENCES

1. 4. Bolund P. and Hunhammar S. 1999. Ecosystem services in urban areas. Ecological Economics 29, 293-301.

2. De Ridder K., Adamec V., Bafiuelos A., Bruse M., B Grger M., Damsgaard O., Dufek J., Hirsh J. Lefebre F., Pérez-Lacorzana J. M., Thierry A. and Weber C.
2004. An integrated methodology to assess the benefits of urban green space. Science of Total Environment 334, 489-497.

Givoni, B. 1991. Impact of Planted Areas on Urban Environmental Quality: A review." Atmospheric Environment Part B. Urban Atmosphere 5(3), 289-299.
4. Nowak D. J. 2006. Institutionalyzing urban forestry as a “biotechnology”. Urban forestry & Urban Greening 5, 93-100.
Hosmer, D. W. and Lemeshow, S., 2000. Applied logistic regression. John Wiley and Sons




	Slide Number 1

