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Abstract: Designing spaces between buildings and streets as spaces have emerged as a key 
consideration in city urban planning and design. Cities like Melbourne, Australia have experienced urban 
revitalisation through the transformation of its street precincts, laneways, arcades, promenades and 
micro open spaces. A feature in the design of these urban outdoor spaces is microclimate. The 
evaluation of urban microclimates by means of comfort sensation and physiological temperature 
generally quantify the effects of urban environments with the use of thermal environmental indices. 
However, these outdoor comfort indices are underpinned by steady state models primarily developed 
for indoor applications and have been modified for outdoor use to account for outdoor effects such as 
solar radiation. This paper is a proof of concept study via continuous monitoring of microclimate 
conditions and usage patterns of an urban outdoor space located at an inner city university campus. 
Preliminary analysis of results of the pilot study show observations of the usage patterns of the 
university outdoor space pointing to a pronounced relationship between the thermal sense of people 
using the space and the environmental elements of thermal radiation, convection, and contact thermal 
conductivity not considered by the widely used outdoor thermal comfort indices. 
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1. Introduction 
Designing urban ancillary open spaces (refers to open spaces such as between buildings and 
streetscapes) as places has emerged as key a consideration in city urban planning and design (Heath et 
al., 2011). The City of Melbourne, a city of approximately 4 million people located in the South East of 
Australia, has experienced urban revitalization through the transformation of its street precincts, 
laneways, arcades, promenades and micro open spaces (Thompson Berrill Landscape Design Pty Ltd and 
Environment & Land Management Pty Ltd, 2012). Currently under review is an amendment to the 
Melbourne Planning Scheme on setting a local policy on public open space contributions (City of 
Melbourne, 2014). These improvements to Melbourne’s public spaces and precincts between buildings 
where much social interaction take place have profound social, cultural and economic significance (Gehl 
and Svarre, 2013). A feature in the design of these ancillary open spaces is microclimate. A more 
complete understanding of microclimate will help designers and planners produce more successful 
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outdoor spaces with better environments for users and in the same vein will lend to improving aspects 
of the performance of adjacent buildings (Erell et al., 2011). 

Microclimate conditions in open spaces are affected by parameters such as surrounding building 
form and geometry (Oke, 1988), vegetation and design features (Ali-Toudert and Mayer, 2007), and 
properties of the surfaces (Takebayashi and Moriyama, 2012). An initial orientation on outdoor thermal 
comfort literature in relation to microclimate, design of space, interactions thereof showed that more 
investigations and information are needed to probe into the combined effects of climatic factors 
(temperature, solar irradiation, wind velocity, turbulence and direction) of urban microclimates and 
comfort conditions in open spaces. The field investigation of five public locations (railway station, 
municipal cultural centre, national museum, performance art centre and university campus) in hot and 
humid Taiwan indicate that increased air movement and the use of sun shading design strategies can 
increase thermal comfort and utilization rate of spaces (Hwang and Lin, 2007). Similarly, the outdoor 
comfort fieldwork on three different urban spaces with distinctive microclimates in tropical Dhaka City, 
suggests that the influence of air flow increased the upper boundary of acceptable relative humidity 
(Ahmed, 2003). In contrast, the findings of the field experiments in an outdoor urban plaza in Japan and 
urban park in Tel Aviv, Israel show that relative humidity has a statistically insignificant effect on comfort 
perception (Givoni et al., 2003). In Hong Kong, however, urban wind speeds ranging from 1-1.5 ms-1 are 
required for pedestrian comfort under shade in average summer temperature of 28°C (Ng and Cheng, 
2012). The extensive outdoor thermal comfort study conducted in Singapore found that solar radiation 
had the most significant effect on human thermal sensation in outdoor spaces (Yang et al., 2013). For 
urban outdoor areas specifically designed for relaxation, a study in Randstad, Netherlands which has 
generally more windy conditions, investigated pavement cafés and children’s playgrounds and found 
that comfort depends on the amount of solar radiation and wind speed, for example, if wind velocity is 
higher than 2.5 ms-1, a considerable amount of solar exposure is necessary (>700 W/m2) (Tacken, 1989). 

Limited research has been done on thermal comfort in outdoor settings in Australia, particularly for 
restorative and transition spaces. Spagnolo and De Dear (2003a) conducted field surveys in various 
locations: railway stations, sidelines of a football field, bus interchange, inner-city urban canyon, 
commuter ferry terminal and parks in Sydney and findings indicated that comfort temperatures in 
outdoor and semi-outdoor environments significantly exceed the recommended values for indoor 
environments. An earlier field survey of four urban spaces in the central business district Sydney found 
that people expressed being comfortable in a wide range of conditions throughout the year from 15°C 
to 34°C for average wind speeds less than 1 ms-1 (Forwood et al., 2000). 

2. Methodology: outdoor open space assessment 
The principal aim of this outdoor comfort study is to examine the connections between the immediate 
microclimate and usage patterns of a restorative open space located within a university campus grounds 
in the inner CBD of Melbourne.  

The selected site, University Lawn Precinct (ULP), is a passive lawn courtyard space located within 
the university grounds surrounded by buildings and remnant historic structures and although sheltered 
from the city, it is accessible to the public (Figure 1). The space has three main components – a 250m2 
central lawn, north facing courtyard which connects a café to the central lawn and a perimeter of 
gardens and linear water feature with an understory provided with tree-shaded area (Peter Elliott 
Architecture + Urban Design, 2013). The variety of surfaces, ground cover materials, site features and 
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vegetation include: bluestone paving, timber deck and timber seating, artificial turf, concrete seating 
and walls, garden beds with low-scale planting and a strip water feature. 
 

 

Figure 1: Courtyard lawn precinct.  
(Sources: Peter Elliott Architecture + Urban Design, Images: Mary Myla Andamon) 

2.2. On-site monitoring: microclimate measurement and space use 

Climate measurements of the lawn courtyard are taken by a microclimate monitoring system assembled 
using Vaisala WXT520 weather sensor coupled to a Campbell Scientific CR800 datalogger. The 
microclimate instrument is installed at the northern end of the courtyard at a height of 3.50 metres. The 
WXT520 measures air temperature, relative humidity, wind speed and direction, precipitation and 
barometric pressure. All outputs are measured by the CR800 datalogger programmed to record at a 1-
minute sampling interval and downloaded via secure wireless data transmission. Measurements from 
this microclimate station have been validated with concurrent meteorological observations from the 
Bureau of Meteorology Melbourne Olympic Park station (ID 086338, 3 kms south east of the university 
campus). 

Still-image recording is via a Raspberry Pi micro-controller and camera module programmed to 
capture a still photo at a time interval of 1-minute, daily from 7am to 6pm. The camera set-up is 
powered by solar PV panels and mounted on the roof ledge of the corner south-east building of the 
lawn courtyard at a height of 21.0 metres above ground level. The still-images are transmitted and 
downloaded via a secure wireless network. Both the microclimate monitoring datalogger and time-lapse 
image recording system are time-synchronised. 

2.3 Data analysis method 

A key objective of this pilot study is to assess the behaviour of the users of the lawn courtyard and to 
explore the pioneering anthropological observation methods of William ‘Holly’ Whyte (1980) in 
conjunction with the conventional methodology for outdoor thermal comfort studies. In 1970, Whyte in 
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his Street Life Project, investigated the curious dynamics of urban spaces and sought to determine why 
some urban plazas in New York City are successful as public spaces while others were not. Whyte and 
his team began by looking at New York City’s parks, plazas, and various informal recreational areas like 
city blocks — a total of 16 plazas, 3 small parks, and “a number of odds and ends” — trying to figure out 
why some city spaces work for people while others don’t, and what the practical implications might be 
about living better, more joyful lives in the urban environment (Popova, 2013). Whyte’s findings, 
collected in The Social Life of Urban Spaces (Whyte, 1980), informed the 1975 Zoning Amendments on 
the Zoning Resolution for Open Spaces in New York City and Residential Plaza (enacted in 1977), where, 
among others, guidelines on seating, planting and trees, retail frontage, lighting, circulation and access, 
disability access, food facilities and permitted obstructions were outlined. 

Whyte’s analysis of the success and failures of the public spaces in New York City was based on the 
direct observation of human behavior in urban settings. In studying people’s behavior in public spaces, 
he adopted the technique of time-lapse filming and using a 10-second interval film recording to 
construct a chronological chart (akin to a piano roll), where space users were represented by a line on 
the chart as a function of time. The length of the line represents the time spent on the space. Whyte’s 
time-lapse/piano roll technique was the inspiration in analyzing the space utilisation of the university 
lawn courtyard, which is observed to be a popular ‘hang-out’ space within the university grounds. For 
this pilot study a Java image processing and analysis program, ImageJ developed for biological image 
analysis by the U.S. National Institutes of Health (Schneider et al., 2012) was used to process the still 
images. The program is able to process a series of still images of various formats that share a single 
window (stacks) and calculate the area and pixel value statistics of user-defined selections. A plugin – 
MTrackJ was used to facilitate tracking of the users’ movements in the image sequence and the 
measurement of tracking statistics. MTrackJ was developed for cell and particle tracking in time-lapse 
microscopy images using tracking algorithms compared to manual tracking by human observers 
(Meijering et al., 2012). 

For the pilot autumn season study, the still images recorded for May 2015 were reviewed to identify 
the days when the lawn courtyard was busy and occupied the most. Based on a cursory analysis of 
recorded still images, five (5) days were identified as the busiest: 01/05 (Friday), 04/05 (Monday), 18/05 
(Monday), 25/05 (Monday) and 28/05 (Thursday) and confined between 11am to 5.30pm. The review of 
the still images included noting the pattern of use and where the users stay within the lawn courtyard. 
Of the five sample days, 18 May was selected for a further image processing and space users tracking 
measurement using ImageJ and MTrackJ. The key objectives for the analyses were: 

 To identify the zones within the university lawn courtyard frequently used and occupied. 
 To qualify the key physical features and conditions of the areas within the zones at the time of 

occupancy 
 To observe and generally characterise how long the space users stayed – where they cluster, the 

behaviour and activity mainly posture – standing, sitting (ledge, ground), reclined, lying down. 

3. Results and discussion 
For this study, the approach adopted was to initially monitor the microclimate conditions of the lawn 
courtyard and the occupancy rate of the space to identify the days, period of the day in autumn (May 
2015) and evaluate the outdoor conditions when the courtyard is busiest. A limitation of this 
observation is the consideration of the campus setting where population numbers depend on the 
university activities around the academic calendar. The preliminary results reported in this paper will 
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mainly be on the microclimate conditions for the transitional autumn season (May 2015). Patterns of 
usage (number of users in the space, activity, movement, behaviour – if they stay in the sun or in the 
shade, posture/position – standing, sitting, reclined) will only be visual observations which are 
qualitatively correlated with the environmental conditions and site features. 

3.1. Monitored simultaneous environmental parameters 

The microclimate observations from the on-site station (air temperature and relative humidity) compare 
well to those observed from the BoM Melbourne Olympic Park Station, with the exception of the wind 
speed. The average daytime temperature (8am-6pm) and relative humidity observed at the lawn 
courtyard and BoM station for the autumn month of May were 14.6°C and 63%, and 14.5°C and 66%, 
respectively.  

The close correlation of the observed environmental conditions on-site with those from the closest 
BoM station was taken as a validation of the on-site measurements. The average daytime wind speed 
measured in the lawn courtyard was 1.1 ms-1, whereas, the average wind speed at Melbourne Olympic 
Park was 3.6 ms-1. The difference in the monitored wind speeds maybe due to the installation height of 
the weather station. World Meteorological Organisation guidelines for surface wind measurements 
indicate that wind is measured at a standard height of 10m above ground (WMO, 2008). The weather 
instrumentation at the lawn courtyard is installed at 3.5m above ground level to closely correspond to 
the air movement experienced by space occupants. Moreover, wind profiles in urban areas typically 
slow towards ground level. The observed wind speed range of 1.0-1.5 ms-1 (approximately 3.6-5.4 
km/h), is characterised as ‘2’ in the Beaufort scale and corresponds to “light air or light breeze”, where 
wind is felt on face and leaves rustle (WMO, 2008). 

The average daytime temperatures (8am to 6pm) for each of the five (5) sample days ranged from 
17-18°C (early May) and 13-17°C (late May) with relative humidity of 50-62% (Table 1). With the 
exception of elevated wind speeds of 1.6-1.8 ms-1 for 04/05, the day time wind speeds were observed to 
be in the range 1.0-1.2 ms-1. 

Table 1: Average climatic information, 8am to 6pm: on-site and BoM Melbourne Olympic Park Station. 

 01 May, Fri 04 May, Mon 18 May, Mon 25 May, Mon 28 May, Thurs 
  On- 

site 
BoM 

station 
On 
site 

BoM 
station 

On 
site 

BoM 
station 

On 
site 

BoM 
station 

On 
site 

BoM 
station 

Ta (°C) 18.0 18.4 17.5 17.7 15.8 16.1 13.8 13.7 17.2 17.2 
RH (%) 52.5 53.8 55.9 59.9 57.8 59.8 58.3 61.5 60.3 62.3 
Ws (ms-1) 1.0 2.7 1.3 4.7 1.1 3.3 0.90 2.7 1.2 6.2 

3.2. Observed patterns of space use 

A review and preliminary analysis of the still-images taken during the selected five sample days and from 
the timeframe of 9am to 6pm show that the university lawn courtyard is busiest between 11am to 4pm. 
It is interesting to note that these five ‘busy’ days were generally preceded by a run of days with wet 
conditions and lower temperatures, weather fluctuations (precipitation, temperature and wind chill) 
typical of Melbourne autumn season.  

During the time period of 11am to 4pm, it was observed that the high-density zones within the lawn 
courtyard, as shown in Figure 2-1, are the artificial turf covered central lawn (Zone A), west timber 
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perimeter seating (Zone B1), south corner timber seating (Zone B2) and the east corner timber seating 
(Zone B3). These zones can be typically described as having random areas with available shade (due to 
trees lining the timber deck at the west perimeter, the wall at the north-east corner of the lawn 
courtyard and the 3-storey building at the west) and as well as sections with opportunity to have 
unobstructed solar exposure. The patterns of space use and activity are relatively similar across the five 
sample days and observed to be typical between 11am to 3.30pm. At mid-day to mid-afternoon (12-
3pm), there seems to be the same tendency to stay in and occupy the areas of both unobstructed solar 
exposure (open) as well as in the shade within the high-density zones (Figure 2-2). These areas would 
generally be the central lawn (Zone A, ZA) and the west timber deck seating (Zone B1, ZB1) (Figure 3). 

 

Figure 2: Use-pattern zones. 
 

 

Figure 3: Occupancy distribution (18 May). 

N N 
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Having observed that the space use patterns and activities are similar across the five sample days, 18 
May (Monday) was selected for further analysis using Image J/Mtrack J to track space users. Analysing 
the sequence of images for 18/05, 246 individual tracks (users, NT = 246) occupied the lawn courtyard 
between 9-6pm. These tracks correspond to a total of 2627 points across 327 sequential still images. As 
occupancy of the space is tracked according to each image frame, these points would show the number 
of occupants and the time periods these space users stayed in the open space, i.e. tracked in several 
sequential frames. Over 60% (N = 151) of the total day occupants were in the lawn courtyard between 
the busy period of 12-3pm (Figure 3). The length of period of stay (dwell time) for each user can be 
deduced from the number of images the user was tracked and deriving the length of time using the 
image time stamp. Binning the dwell time of the space users in 10 minute-intervals between 9-6pm 
show that over 79% (N = 194) stayed in the lawn courtyard for up to 40 minutes of which 41% (N = 100) 
used the space for 10 minutes. Analysis further shows that 10 minutes seem to be the time period in 
which most users would spend on the courtyard suggesting that predominantly short times are spent in 
the open space. Long term use of the space was arbitrarily defined solely for this preliminary analysis as 
staying in the courtyard for more than 40 minutes. For this autumn day, approximately only 21% (N = 
52) spent more than 40 minutes in the outdoor space. 

 

 

Figure 4: Pattern of space use – tracking of users (18 May, 11am-2pm). 
Further to the evaluation of dwell times, a notable aspect, relative to the pattern of space use, is the 

observable preference to occupy areas within the very high-density zones, however, staying along the 

N N 

N N 
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‘edge’ hovering between open to sun exposure and under the shade (Figure 4). The combination of 
available shading opportunities (availability of trees not yet completely bare of leaves, the wall at the 
north-east corner and the 3-storey building at the west side) and the low altitude of the autumn sun 
provides quick changing patterns of open and shaded areas.  

Furthermore, the behavior and postures of the users were found to vary: users elected to lie down 
on the artificial turf with half of the body under the shade and under the sun, reclining in the courtyard 
using the concrete wall as backrest, lying down on the timber deck and timber seating, reclining on the 
timber deck with the seating as backrest, sitting around in clusters either under the shade offered by the 
trees and surrounding walls or completely under the sun. The environmental conditions from 12-3pm 
ranged from steady temperatures of 19.4-19.8°C and relative humidity dropping from 55% to 43%. The 
wind speeds fluctuated between 1.0-1.4 ms-1. The interplay of these mild autumn environmental 
conditions and physical features of the lawn courtyard seem to influence the use of space beyond its 
effect on people’s perception of thermal comfort. 

4. Conclusion and direction of further study 
Thermal comfort assessment of outdoor spaces is generally modelled from indoor thermal comfort 
applications. This has been proven to be inappropriate as the conventional theory of indoor thermal 
comfort cannot be simply generalised to outdoor settings without modifications (Spagnolo and de Dear, 
2003a; Nikolopoulou, 2004). Field surveys of thermal comfort are in situ polls of comfort among a given 
population (for example, users of outdoor courtyards or parks). For outdoor comfort studies, the 
transverse thermal comfort survey is used widely (Ng and Cheng, 2012) where a whole or substantial 
proportion of the population will give a small number of comfort assessments during the monitoring 
period which can range from a whole day to a full week covering different seasons to obtain the 
perception of comfort in the use of the space. With enough survey participants involved, results are 
deemed to be representative of the chosen population (Nicol et al., 2012). For this pilot study on an 
outdoor restorative and transition space, to extend the analysis on the observed patterns of use and 
activity, the next phase of the study would include a comfort assessment following a transverse survey 
method.  

The observations and analysis of the usage patterns of the lawn courtyard suggest that the physical 
features of the space and the combined and/or individual effects of the environmental conditions lend 
much to the preference to use the space and how to stay within the space. This also underpins this 
study on outdoor comfort, where the interplay of the site features and combined and separate effects 
of solar access and wind movement in a restorative open space will be investigated. Widely used 
thermal comfort indices for outdoor comfort such as the physiological equivalent temperature, PET 
(Höppe, 1999), the outdoor standard effective temperature, OUT_SET* (Spagnolo and De Dear, 2003b) 
and the universal thermal climate index, UTCI (Jendritzky et al., 2012) are underpinned by steady state 
models taking into consideration the combined effect of six thermal parameters: air temperature, 
humidity, air velocity, radiant temperature, metabolic rate and clothing insulation. Although solar 
radiation is also considered, these indices quantify only the universal effect of the environmental factors 
on human thermal comfort. These do not express the separate thermal effects of factors such as solar 
radiation, air velocity and humidity. The combination, for example of wind amplification and shading 
effects seems to generate thermally comfortable (or acceptable) outdoor conditions. Furthermore, with 
the relatively short times spent in outdoor spaces, thermal steady state is hardly reached by the users 
(Höppe, 2002). 
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The preliminary observations and analysis of the usage patterns of the university outdoor space 
point to a relationship between the thermal sense of people using the space and the environmental 
elements of thermal radiation, convection, contact thermal conductivity and humidity level not 
considered by the widely used outdoor thermal comfort indices. In a recent study by Nagano and 
Horikoshi (2011), a new thermal index, universal effective temperature (ETU) was proposed for outdoor 
and non-uniform environments with heat conduction. ETU can also express the universal effect of the 
environment as well as the separate thermal effects of air velocity, longwave and shortwave radiation 
and humidity. To date, only three studies have been published using this new model: thermal comfort in 
open-air footbaths in Japan, thermal performance of traditional pine hedges and the evaluation of 
building and pergola shades (Watanabe et al., 2014). Results of these limited studies show that the ETU 
model can provide a more detailed understanding of the various parameters affecting thermal comfort 
in outdoor spaces. 

As part of the further analysis of this study and to adopt the ETU model, additional parameters will 
be measured such as sky obstruction by way of measuring the openness of the sky (sky view factor) in 
winter (no leaves) and in summer (with leaves); and the solar radiation (shortwave and longwave) with 
the installation of pyranometer and pyrgeometer on site. With the observed behaviour and postures of 
the space users in the lawn courtyard, the surface temperatures of the diverse surfaces in the open 
space will also be monitored. The visual observations and analysis of the still images will also inform the 
design of the comfort assessment survey for the next stage of the pilot study where a comfort 
perception survey and monitoring will be conducted. 
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