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Abstract: The use of sensor based real-time data offers valuable insights into the management of 
temperature conditions in outdoor environments. Where city temperatures have been traditionally 
measured at static locations, emerging sensing and data logging technology now allows for localised 
data collection that can provide information on site specific temperature behaviours. Viewed in this 
way, real-time temperature information has the potential to allow design decision making to be 
responsive to specific place conditions and adaptable to changing future situations. 
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1. Introduction 

1.1. Usability of outdoor spaces 

The use of outdoor environments can contribute to urban liveability through improving the health, 
environmental and social conditions. However this is dependent on the quality and the experience of 
the outdoor space. The usability of outdoor space is determined by how habitable it is for both human 
and non-human users, specifically, the experience of temperature is an important contributor to the 
comfortable use of a site (Chen and Ng, 2012; Brown et al., 2015; Niu et al., 2015). Under current 
climate change predictions, cities in Southern Australia such as Melbourne are expected to experience 
more extreme temperature conditions, including heat waves. These predictions have serious 
implications for the use of outdoor environments, particularly in cities where temperatures are often 
exacerbated by Urban Heat Island (UHI) factors such as hard surface massing, minimal vegetation, and 
limited water (Hunter Block et al., 2012; DE, 2014; Bureau of Meteorology, 2015a). 

Writing in 2002, Spagnolo and de Dear stated; “The outdoor microclimate is generally assumed to be 
beyond architectural and mechanical control” (Spagnolo and De Dear, 2002). Since then, technological 
developments have begun to propose ways for design to influence and control outdoor microclimates 
through manipulation of airflow, shade, radiant heat from materials and green infrastructures. This is a 
developing area of knowledge which suggests that urban microclimates are no longer beyond design 
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control for improving certain conditions such as thermal comfort performance (Hunter Block et al., 
2012; Norton et al., 2013; Trundle et al., 2013).  

It is well established that thermal sensation is influenced by climatic variables including air 
temperature, wind, humidity and radiant temperatures (Höppe, 2002; Jendritzky et al., 2012). In 
outdoor spaces the behaviour of temperature is dictated by these changeable atmospheric conditions as 
well as local physical site conditions. An important challenge for designers of these spaces is to 
understand the complex variables and how they work within a specific location. The many variables and 
complexities of working in external space is one of the reasons that microclimate conditions are difficult 
to influence. However, real-time data can provide some insight into the behaviour of dynamic outdoor 
site qualities and how they might be managed (Fraguada et al., 2012; Fraguada and Melsom, 2014).  

In this paper three Melbourne based studies of real-time data capture for investigating temperature 
behaviours in localised urban conditions will be discussed. Using accessible and low-cost technologies 
for logging temperature data in the field, these studies aim to utilise data to create site specific 
knowledge of microclimate behaviour which could inform design decision making.  

2. Methodology 

2.1. Sensor hardware for data collection 

The sensor hardware used for these investigations was the iButton Hydrochron (temperature and 
humidity) and Thermochron (temperature only) data loggers. iButtons are stand-alone sensing and 
logging devices embedded with a 1-Wire transmitter/receiver, a globally unique address, a 
thermometer, a clock/calendar, a thermal history log, and 512 bytes of memory (Maxim, 2014). The 
iButton is 17mm in diameter and contains its own battery. The recorded temperature range is between -
40 to +85

o
C with an accuracy to +/- 0.5

o
C which is within an acceptable range of accuracy under the 

international standard ISO 7726:1998 for measuring the thermal environment (ISO, 1998). iButtons can 
be programmed to log data at any interval and will last up to ten years depending on the frequency of 
use (Maxim, 2014). The iButton sensors are encased in a stainless steel protective unit. Whilst this 
contributes to their durability in external environments, this casing also heats up when exposed to direct 
solar radiation and will record over-estimated air temperature readings by several degrees Celsius 
(Johansson et al., 2014).  Methods for dealing with this limitation include appropriate shielding of 
sensors to avoid direct sunlight exposure and positioning of the sensors under or behind physical 
elements to avoid direct solar exposure.  

2.2. Locations and timings 

The objective of the studies was to reveal the behaviours of temperature across very small 
microclimates within the Melbourne region through collection of continuous on-site data. In the 
following studies, the iButtons at all locations were programmed to capture and log data at half hourly 
intervals starting on the hour so as to correspond with the published Bureau of Meteorology weather 
station data. For comparison, daily weather observations were collected from the Bureau of 
Meteorology (available online for the previous 14 months and in half hour intervals for the previous 72 
hours). This data included temperature, apparent temperature, humidity, wind direction, wind speed 
and wind gusts as well as rainfall (Bureau of Meteorology, 2015b).  
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2.2.1. Pilot Study Site: Shopping Centre Car Park, Moorabbin 

The pilot study site was a car park and surrounding streets in Moorabbin, a suburb 16km to the south of 
Melbourne City. Current use of the site is largely as a car park for the Moorabbin Woolworths, one of 
the busiest in Melbourne. Surrounding the area is a small business district within local residential 
housing. 

Six sensors were installed over a variety of surfaces and locations to test varying climate conditions 
(Table 1). Sensors locations were chosen at sites that were thought to best demonstrate thermal 
difference rather than seek similarities (Figure 1). Observations were collected between August and 
September 2014. 

Table 1: Sensor locations at Moorabbin test site showing sensor proximity to different materials. 

Sensor Location Trees Turf Bitumen Concrete Shade* 

Jasper Rd Yes** Yes No No Yes 
Carpark Surface No No Yes No No 
Taylor St Telegraph Pole No Yes Yes Yes No 
Carpark Middle South No No Yes Yes No 
Carpark Underground No No No Yes Yes 

* Shade indicates areas that are in continuous shade 

** Yes Indicates proximity of Surface material is within 1m of the sensor 

 

 

Figure 1: Location of iButton data loggers at the Moorabbin Street14 competition site. 

2.2.2. Test Site One: Urban Materials Lab (UML) at the Carlton Connect Building, Carlton 

To investigate the thermal behaviours of commonly used surface materials in the outdoor conditions of 
Melbourne a series of test boxes were developed and sited on the roof of the Carlton Connect building 
in Carlton. The UML consists of three 1m

2 
test boxes at 0.3m depth that are constructed from 45mm 

thick Australian F17 hardwood and finished with outdoor timber furniture oil (Figure 2).  Materials 
tested were bitumen, brick paving and concrete aggregate paving. To simulate street surface 
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construction, these materials were laid on compacted soil and bedding material. iButton sensors were 
installed at the surface level of the material to record surface temperature and at 0.5m above the 
surface to record radiated heat temperature. Observations were collected between December 2014 and 
June 2015. 

 

 

Figure 2: Test boxes on the roof of the Carlton Connect Building in Carlton. 

2.2.3. Test Site Two: Redmond Barry North Court at the University of Melbourne 

A complimentary and concurrent study was conducted at the Redmond Barry North Court, University of 
Melbourne, to investigate the thermal behaviour of a designed, enclosed space.  The Redmond Barry 
North Court is enclosed by a building to the south and west and a 1.5m high brick wall to the north and 
east. The site includes multiple variations of hard surface, including concrete and brick, and soft surface 
materials, and measures 750m

2
. The more diverse spatial arrangement also includes vegetation and 

water (Figure 3). In this study, data loggers were installed on the underside of north facing wooden 
seats. Each of the monitored seats is adjacent to a different surface material; vegetation, turf and 
concrete paving. A fourth sensor was installed in the rock sculpture located in the small pond (Table 2). 
Observations were collected between December 2014 and June 2015. 

 

 

Figure 3: The Redmond Barry North Court, photo taken from the south east. Sensors were located under 
the boulders in the centre and along the row of seats to the left of the image. 
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Table 2: Redmond Barry Court sensor proximity to different surface materials. 
Sensor Location Vegetation Turf Concrete Paving Water 

West Seat No No Yes* No 
Middle Seat No Yes Yes No 
East Seat Yes No Yes No 
Rock Sculpture Yes Yes Yes Yes 

* Yes Indicates proximity of Surface material is within 1m of the sensor 

3. Results and discussion 

3.1. Pilot study site: shopping centre car park, Moorabbin 

The pilot study was developed as a result of participation in the Australian Institute of Landscape 
Architecture (AILA) and City of Kingston Street14 ideas competition, which asked for a design response 
to a shopping centre car park (AILA and Kingston, 2014). Our entry ‘HeatStreet’ won the prize for Best 
Urban Tactic. The response from the jury described the competition entry as ‘robust’, ‘sophisticated’ 
and ‘clever design’  (Kingston City Council, 2014). Participation in the competition provided a valuable 
opportunity as a pilot study for the collection of localised temperature data. Whilst the dates of the 
competition were not ideal for investigating extreme heat conditions, they were still useful for testing 
the thermal behaviour of the site microclimate as distinct from the closest weather station, 5km away at 
Moorabbin Airport.  

This site represented a valuable test of localised and unique conditions, demonstrating typical 
suburban Melbourne car park conditions such as extreme solar radiation, wind and limited shade. Most 
urban thermal comfort and Urban Heat Island (UHI) research is conducted in the central areas of cities, 
not in these kinds of suburban conditions and certain phenomena and physical characteristics that are 
well evidenced in high density city conditions, such as urban canyon effect between buildings, were not 
observed at Moorabbin (Norton et al., 2013; Trundle et al., 2013; Doick et al., 2014; Shickman and 
Alliance, 2014). Within the site, the variations of temperatures across the small scale were as much as 
10 degrees Celsius on some days. This difference was most evident during the day between the 
locations most and least exposed to solar radiation. The bulk of the Moorabbin site is hard surface 
bitumen or concrete with minimal vegetation. The most exposed locations of the site, such as the 
central car park were also the areas of densest bitumen and concrete coverage. As anticipated, exposed 
bitumen surfaces were by far the warmest during the day (Figure 4). However, these areas were also the 
coolest during the night.  

Further analysis of the data through 24 hour behaviours revealed additional nuances and complexity 
of temperatures within the site microclimate. As a counter to the temperature readings on the most 
exposed areas was the Jasper Rd location within a small stand of mature eucalypt trees. The sensor 
positioned here recorded temperatures cooler that the exposed space of the car park during the day, 
however it frequently retained the most heat throughout the night (Figure 5). If thermal performance is 
to be understood through complete 24hr cycles of heating and cooling then it was the open space of the 
car park that was best able to disperse heat, and the shaded stand of trees least able to disperse the 
heat.  

These findings correlate with the phenomena of sky view factor in dense urban environments, where 
tall buildings or trees planted in enclosed spaces trap hot air and limit how much heat can be released 
into the atmosphere, particularly overnight (Norton et al., 2013). The importance of heat dispersal 
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became an interesting question further developed through concurrent research into the health impact 
of heat. It has been found that it is the cumulative effect of heat build-up over prolonged time  (periods 
without cooling such as hot over nights) that causes the most severe health impacts including heat 
stress and mortality (Steffen et al., 2014). The data from Moorabbin suggested that limited peak day 
time temperature conditions was important but other factors also needed to be considered to disperse 
heat to achieve the effect of respite.  

 

Figure 4: Temperature readings from Moorabbin over four days illustrating heat variance over full days. 
The bitumen surfaces (Carpark Surface and Carpark Middle South) heated the most, but were able to 

cool off. 

This study revealed the difficulty of balancing the reduction in heat build-up in the day and 
dispersing heat at other times. We can identify specific areas of the site that provide shade during the 
day, but these would benefit from increased airflow to aid heat dispersal at night (for example Jasper 
Rd, East Tree), as well as areas of the site that would benefit from temperature reduction during the 
day, without detracting from the ability of these locations to disperse heat (Carpark Surface, Carpark 
Middle South, Taylor St Telegraph Pole). These findings illustrate how specific areas within a 
microclimate can be identified for different approaches to thermal comfort influence. Further, the 
impact of these will work in cohesion with one another depending on proximity of site features.  

The research from Moorabbin showed that working with the iButton data loggers can aid 
understanding of specific site conditions as compared to generic data from the closest weather station. 
This pilot study also led to further questions about temperature behaviour in outdoor space in 
Melbourne. These questions included: 

 How do the common hard surface materials found within Melbourne compare to one another? 
 How quickly does heat disperse from these materials?  
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 How do other microclimates within the Melbourne climate behave under complex spatial 
conditions? 

Two further studies were developed to investigate these questions and expand on the findings from 
the pilot study.  

 

Figure 5: Temperature readings from Moorabbin over four nights between 12:00am and 5am. The 
Jasper Rd location under a stand of trees was cooler in the day, but did not cool as well overnight.  

3.2. Test site one: Urban Materials Lab at the Carlton Connect building 

The outdoor area of much of Melbourne is dominated by hard surface materials. This is especially 
evident in the spaces of high pedestrian activity such as streets, plazas, tram stops and car parks which 
are largely treated with bitumen, concrete, bluestone or brick. 

Whilst the UML Test Boxes are sited outdoors, there is no way to completely control the influential 
conditions of temperature variance for the purposes of the study. Positioning the boxes on a rooftop has 
limited the number of physical variables and ensures the boxes are treated to the same climatic factors. 
This is a more controlled testing situation than is possible to achieve in most urban open space. The 
siting on the roof is also the primary limitation to the UML where the mass of the materials in most 
urban outdoor space is far greater than can be tested in a simulation space. However, the study is not 
intended to quantify material performance but seeks to understand relative thermal performance 
between these materials within the context of the Melbourne climate.  

Initial comparisons of the surface level temperatures of bitumen, brick paving and concrete 
aggregate show that bitumen and concrete aggregate are comparable for temperature fluctuations of 
both heating and cooling. Bitumen surface heats the most and brick is often the coolest, though there is 
insufficient evidence to suggest this would be a better surface option for thermal performance under 
different conditions.  More interesting is the dispersal rate of temperature from the surface 
measurements to 0.50cm above the surface (Figure 6). Consistently the data shows that despite the 



926 W.L. Walls and J.M. Barrins 

 
 

relative differences of surface level temperatures, the temperatures at 0.50cm above are just a few 
degrees above air temperature suggesting that, in the open and very well ventilated site, it takes 
minimal distance to disperse the heat accumulated in the material. 

 

Figure 6: Temperature readings from UML Test Boxes over 5 days illustrating heat variance over full 
days. Although the surface temperatures were much higher than 50cm above during the day, all 

surfaces were able to disperse the heat effectively overnight. 

The UML is conceived as a long term study of the behaviour of temperatures in Melbourne across 
these materials and in comparison to one another. It is hoped that a full year of climatic variation will 
provide insight into how these materials might be best worked with in Melbourne over time. The data 
collected from the UML between December 2014 and June 2015 was discussed here, but it is 
anticipated that the complete cycle of twelve months of data will provide further insight into 
temperature behaviour through both seasonally warm and cool periods.  

3.3. Test site two: Redmond Barry North Court at the University of Melbourne 

Using the same equipment and collection methods as already described, this site was used to expand on 
the data being collected from the UML in a more complex arrangement. The data from this study 
compared the temperature behaviour across four locations, with three sensors located on the underside 
of wooden seats and a fourth sensor placed under a rock sculpture. Whilst the seats heat and cool 
together in very regular cycles, the western most seat, which is adjacent to the concrete paving heats 
more than the others. The location to the east end of the Court benefited from being near to vegetation 
and from reduced solar exposure. 

This study demonstrated significant temperature variation within a very small space. Analysis of the 
daily cycles of temperature variation show evidence of solar exposure being the biggest influence on 
thermal behaviour at this site. The effect of shadowing from the mature trees to the north, which 
impacts on the East Seat and Rock is apparent in the graphs (Figure 7).  
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Following from the pilot study and additional research, we had assumed that the heat wouldn’t 
disperse effectively at this site overnight due to restricted sky view factor, influence of hard surfaces, 
north facing aspect and barriers to air flow including the buildings, trees and walls. Despite these 
physical characteristics the behaviour of peak temperature followed by rapid cooling at all sensor 
locations suggests the variables influencing thermal behaviour in this site are sufficient to moderate 
heat build-up. 

 

Figure 7: Temperature readings from Redmond Barry North Court over three weeks illustrating heat 
variance over full days. Although the West Seat and Middle Seat were hotter than East Seat, all seat 

locations were able to disperse the heat more effectively than the rock. 

The Redmond Barry North Court as a microclimate has its own distinctive pattern of heating and 
cooling. Peak temperatures were observed between 12 and 2pm, and tended to peak for short periods 
of time. Of note in this site, as part of the University Campus, is that the peak times of use are quite 
specific. The majority of student classes occur over two twelve week periods from early March to late 
May and early August to late September.  In terms of peak use, this site may actually provide highly 
preferable thermal sensation conditions throughout the majority of the day during semester time. 
Interestingly, the pattern of peak temperatures recorded at this site can be compared with the greater 
Melbourne climate pattern which often records peak temperature in late afternoon (Bureau of 
Meteorology, 2015b). The data in this instance has revealed performance characteristics within this 
microclimate that are valuable for understanding this site as unique to other parts of Melbourne.  

4. Discussion: Data as behaviour informing design 

4.1. Melbourne based studies 

In urban environments, spatial and material arrangements work in combination with variable climatic 
forces to produce different thermal sensations. Whilst the collection of meteorological data has been 
occurring for over a century, the use of this information in design is a developing issue. The studies 
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shown here suggest that logging behaviour of temperatures over periods of time in unique 
microclimates can reveal indicators that have a bearing on design decision making for those localised 
conditions. For design and planning, the use of localised data is often assumed to be too specific for 
application in large scale decisions or the development of guidelines (Spagnolo and De Dear, 2002; 
Givoni et al., 2003; Fraguada and Melsom, 2014; Brown et al., 2015). We argue that it is this specificity 
that makes real time data the most useful for design as evidence based approach to site conditions. 
Specifically, the Melbourne climate displays certain characteristics of air flow and air temperature 
difference that is subject to much variability. Rather than attempting to generalise results, the use of on-
site monitoring of real-time data is useful for considering how to work with this variability.  

The studies discussed here attempt to uncover a particular approach to data collection and 
application which is focused on the dynamic quality of temperature at specific microclimates, rather 
than relying on data from nearby weather stations or sporadic on site readings. We propose this is a 
useful tactic for informing the design of outdoor spaces for improved thermal sensation performance, 
which requires knowledge of changing and often complex variance in local phenomena as well as larger 
scale environmental measurements. These studies hope to serve as proof of concept for the use of real-
time data logging technologies for design professionals. 

4.2. iButton sensor hardware 

There are acknowledged limitations to the use of sensors as described here. First, data capture from 
public sites is a potentially problematic issue though it is worth noting that the kind of data being 
collected is meteorological and not personal. Second, the fidelity of data sets can be compromised 
through sensor positioning, un-calibrated loggers or constrained time frames for data capture (Fraguada 
et al., 2012; Fraguada and Melsom, 2014; Johansson et al., 2014). Knowing that the iButtons were likely 
to give inaccurate temperature readings in direct sunlight exposure necessitated positioning the sensors 
under surfaces and behind physical elements. This strategy for positioning of the sensors had the benefit 
of making our data loggers unobtrusive, which also serves to minimise interactions between users of 
space and the hardware.  

For design professionals, the time limits of projects is rarely suited to long term site studies and must 
rely on previously produced data. Our studies have shown that the information provided by long term 
data capture is extremely valuable. Logging of temperature information meant that we needed to 
collect data every 4-6 weeks. There are options that allow collection of data wirelessly or through a web 
interface that may be more convenient, however for basic data collection purposes where the number 
of sensors is small and the sites within a limited area, manual data collection is achievable. The ability to 
pick up real-time data over relatively short periods of time, such as days and weeks still offers significant 
insight into on site behaviours.   

The accessibility of data loggers such as the iButtons is a relatively new occurrence as reliable sensor 
devices have only become mainstream in recent years. The standard iButton Thermochron cost US$23 
per unit and the Hydrochron cost US$83 per unit in 2015, which is considered an accessible pricing 
range. The availability of this technology provides a particular temporal and spatial knowledge through 
real-time data that previously hasn’t been as accessible. This technology offers an alternative to the 
traditional site analysis by incorporating a much more complex set of dynamic environmental forces 
such as thermal behaviours. Therefore the application of local real-time data needs to be reviewed and 
understood as an analytic tool but also as a design tool (Fraguada et al., 2012).  
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4.3. Future directions 

The preliminary studies and supporting in progress research work have been useful for expanding an 
area of design thinking (but needs further and more detailed investigation for definitive findings). So far 
the research has been successful in expanding site specific information beyond the visual characteristics 
and purely subjective recordings of personal observations. This has also been successful in challenging 
common assumptions about thermal behaviour and influences within the Melbourne climate such as 
mass tree planting.  

Key areas to be expanded include the increase of data capture to include volumetric recordings of 
spatial conditions. This will allow for the qualities of heat dispersal to be better understood in the study 
sites. Further investigation collecting other kinds of localised real-time data related to thermal sensation 
such as wind and humidity, will assist in developing knowledge of site microclimate behaviours. There is 
also the potential for further analysis that is directed around peak times of area usage, such as the times 
of peak use noted in the Redmond Barry North Court. Being able to balance the thermal performance of 
a space over 24 hours whilst also working to affect temperature behaviours during peak times, provides 
an interesting challenge. For example, at the Moorabbin site the peak times for visiting the shopping 
centre are between 2:30 and 5:30pm (AUSPOLL, 2006; ARUP, 2009) . This provides a critical temporal 
period for which to consider heat behaviour with site use.  

The next steps for expanding the studies discussed here include completing a years’ worth of data 
capture at the UML and Redmond Barry North Court sites, and both of these tasks are underway. The 
second half of 2015 will reveal different thermal behaviour results to the ones already logged as the 
Melbourne climate shifts into seasonal warming. The Redmond Barry North Court site is also scheduled 
to undergo design changes; the mature trees to the north of the site will be removed and the outer brick 
wall will be adjusted. We predict that both of these changes will influence the microclimate behaviour 
within the space and hope to continue monitoring the conditions until after the redevelopment to 
record the comparable differences. We also plan to return to the Moorabbin Junction site to expand on 
the initial pilot study. This work would include application of real-time data as a design tool for 
informing site design, an important step in working with data beyond the analysis stage.  

5. Conclusion 

Real time data capture through sensor and data logging is becoming an accessible tool for design 
professionals to make informed decisions about localised sites. These tools reveal site specific 
knowledge of complex behaviours which can inform design decision making. This expands the 
understanding of site to include the dynamic and complex conditions of microclimates such as thermal 
sensation. In the context of climate change and the predicted challenges facing outdoor environments, 
the use of real-time data is an important tool for design to mitigate these conditions.  
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