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Abstract: Uncomfortable outdoor environments impact the liveability of cities and urban economy. This paper discusses 
the experimental protocols developed as part of a citizen science project on improving urban microclimates. The term 
“citizen science” broadly describes public engagement in scientific research in collaboration with professional scientists. 
This citizen science project aims to engage communities across Australia in the measurement of urban microclimates 
thereby educating citizens and empowering them in adopting various mitigation actions. The design of instrumentation for 
monitoring microclimates across various proposed urban themes is discussed. In addition, learning experiences from trialing 
the protocols through a pilot measurement is also presented in this paper. 
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1. INTRODUCTION

The impact of uncomfortable outdoor environments and extreme heat on energy demand, peak electricity, air quality, 
human health, thermal comfort and economy is well documented. The most recent estimates of the International Panel on 
Climate Change (IPCC) suggest a worldwide temperature increase of 1.8 to 4°C to occur between 1990 and 2100 (IPCC, 
2014). Several investigative studies were conducted and mitigations strategies have been proposed globally to address 
issues relating to urban heat island and local climate change. Engaging communities in the monitoring process can generate 
significant impact through transfer of knowledge to large number of participating citizens, thereby providing practical and 
real-life opportunities for the citizens to learn and implement scientific methods to solve problems facing the communities. 
This will help to promote their active participation and engagement in the implementation of mitigation techniques in their 
homes and neighbourhood. Citizens will get an understanding of the important parameters influencing the microclimate and 
the ways to ameliorate the adverse effects from increased temperatures. 

This paper discusses the experimental protocols developed as part of a citizen science project on improving urban 
microclimates. The main aim of this project is to engage communities and work with local councils and citizens across 
Australia for measuring urban microclimates. The participation of citizen scientists in conducting experiments and collecting 
microclimate data would engender broader community understanding of the impacts of climate change as well as mitigation 
and adaptation to extreme heat. The design of instrumentation for monitoring microclimates across various urban themes 
is discussed. In addition, learning experiences from trialing the protocols internally within the research team and externally 
within a selected community is presented in this paper.

2. URBAN HEAT ISLAND STUDIES IN AUSTRALIA

Australia’s temperatures were relatively stable since national records began in 1910 to 1950 (ABS 2012). From 1950, 
however, records have shown an increasing trend in both minimum and maximum temperatures where very warm months 
that occurred just over 2 per cent of the time during the period 1951 to 1980, occurred nearly 7 per cent of the time 
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during 1981 to 2010, and around 10 per cent of the time over the past 15 years (CSIRO & BoM 2015). Mean surface air 
temperatures have increased by 0.9°C since 1910. Daytime maximum temperatures have increased by 0.8 °C over the 
same period, while overnight minimum temperatures have warmed by 1.1 °C (CSIRO & BoM 2016). The effect of urban 
climate on energy demand, peak electricity, air quality, urban pollution, human health, thermal comfort and economy is well 
documented in many studies (Santamouris, 2014; Santamouris et al., 2015). Although Australia has always had heatwaves, 
hot days and bushfires, climate change is increasing the risk of more frequent and longer heatwaves and more extreme hot 
days (Climate Commission 2013).  

     

Figure 1 Left: Mortality and temperature during the 2009 heat wave (Source: Hatvani-Kovacs, 2016)  
Right: Mean daily ambulance call-outs in relation to daily Excess Heat Factor EHFs in Adelaide (Source: Nitscheke, 2011)

Research in Australia shows that urban areas are particularly impacted by heat waves, that increase morbidity, mortality 
and hospital access (see Figure 1), especially for the vulnerable population with low social inclusion (Loughnan et al, 2012; 
Nicholls et al, 2008 & 2016). Moreover, the greatest fraction of deaths usually occurs in unconditioned residential units 
where the indoor conditions may exceed body overheating levels for long periods. In addition, heat waves boost the market 
penetration of air conditioning that is anyway expected to increase in the decades to come (Santamouris, 2016), leading to 
increased peak electricity demand and a greater risk of widespread black-outs.

There are significant prospects of extreme hot weather occurring more frequently in Australia with an increased intensity 
of heat waves that continue for longer periods, expected to lead to 8,600 deaths per year by 2100 (Bi et al., 2011). Heat 
waves and climate change at large will result in increased cooling demand and trigger the increase in the market penetration 
of air conditioning (Santamouris, 2016). Only very few studies (Coutts et al., 2007; Erell and Wiliamson, 2007; Broadband 
et al., 2018) have carried out detailed urban microclimate measurements in Australia during the last twenty years. Coutts 
et al. (2007) compared the energy balance and climate across four sites of varying housing density and land surface 
characteristics in Melbourne, for five months. Erell and Williamson (2007) collected detailed micro-meteorological data 
for nearly one year in two urban canyons and at a reference site, in Adelaide’s metropolitan area. Broadbent et al. (2018) 
operated a network of 27 automatic weather stations scattered across a 3 square kilo meter outer-city suburb of various 
land covers, measuring temperature, humidity, solar radiation and wind speed and direction at 5-minute intervals and linked 
the data to land use/land cover during summer time. A recent study by the Low Carbon CRC is using satellite images that 
deal with only surface temperatures to characterize heat islands (Gusso et al., 2017). 

The deficiency of large scale experimental studies on urban microclimate can mainly be attributed to the complexity and 
variability of outdoor environments which would require extensive resources for scientific measurement. The recognition of 
the contribution of amateurs to meteorological investigations has gained momentum, such as the Climatological Observers 
Link (COL) in the UK (Enfield and Morris, 2012) and the popular Weather Underground (Geller, 2007). Weather Underground’s 
WunderStation mobile device application brings real-time weather data from a network of over 250,000 Personal Weather 
Station Network (PWS) of weather enthusiasts (Willams et al., 2011). Citizen science provides aid for the researchers to 
collect more data and meaningful observations than they could on their own. To date, citizen science projects in Australia 
have mainly involved studying the ecology of urban, agricultural, and residential landscape, rare organisms, track invasions 
and migrations, documenting declines in species, conservation of sea creatures, and astronomy. Its application in built 
environment research has been very limited. This interaction of building scientists with citizens allows for public education 
and engagement in science and built environment research to increase the awareness of problems that affect communities.  

3. PARTICIPATING COMMUNITIES

Twenty-two (22) councils across various states in Australia are invited to participate in this study. The councils are selected 
based on factors such as their geographic location, density, population, overheating problems, etc. Majority of the 
participating councils in this project are leading organisations with a proactive and precautionary management approach to 
the risks associated with climate change. There are six councils from Victoria, nine from New South Wales, three from South 
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Australia, two from Queensland, one from Western Australia, one from Australian Capital Territory and one from Northern 
Territory participating in this project. A large-scale measurement is planned for the coming summer (2018-2019) in which 
2200 citizens across these councils will be participating in predesigned experiments.

3.1 Recruitment of citizens

The project will be advertised to the communities through various channels such as council newsletters, information 
flyers, face-to-face presentations during council events, industry forums, online social media platforms and networks of 
local environment group such as Northern Alliance of Greenhouse Action (NAGA). Information videos showing the project 
background and details of the measurement campaign will be prepared and distributed to the citizens. Citizens can 
access the project website and register their interest in participating in the experiments. After confirmation of the dates 
of experiments-measurements are finalised, the project team will get in touch with the citizens and further details will be 
provided.

4. DESIGN OF EXPERIMENTS

Three microclimate experiments relative to urban geometry, greenery and urban surface materials have been designed 
enabling measurement across multiple sites. Standardised protocol and instrumentation have been designed to ensure 
consistency across the sites and various states across Australia. Each council is asked to nominate three precincts for the 
measurements. Ideally each precinct should have a community centre where participants can gather on the day for the 
briefing before the experiments start and then a debriefing at the end.  Multiple measurement locations will be selected 
in each area depending on site characteristics such as urban geometry, surface materials, presence of vegetation and 
exposure conditions.

4.1 Instrumentation

Development of appropriate measurement protocols in the form of assembly, calibration and distribution of instruments is 
very important when deploying large scale studies conducted by a number of people. The main challenge was the selection 
of instrumentation that can be easily handled by laypersons, cost-effective, but at the same time able to provide scientifically 
valid and accurate results. The final selection of instruments is identified after several iterations (Table 1). The measurement 
kit is shown in Figure 2. 

Table 1: Specification of the instruments

Equipment Type of instrument Accuracy

Air temperature (Tair), Relative 
Humidity (RH%)

Omega Handheld type thermo hygrometer with custom built radiation 
shield (fitted onto the tripod)

0.1%

Surface temperature (Tsurface) FLIR TG54 Spot Infra′red thermometer with emissivity correction & 
FLIR TG130 with image, no emissivity correction

+/- 1°C

Wind speed Lurton Cup anemometer ± ( 2%+0.2 m/S)

Mean radiant temperature (MRT) Testo 922 air temperature probe fitted into 40 mm dia. globe painted 
grey inside and outside

………

Moisture meter Soil pH and moisture meter with Probe ICZDO6 +/- 0.2

Tripod Manfrotto 112B with fold-away tri-base NA

Case All-Terrain ABS case with foam insert NA

The kit includes portable Temperature-Relative Humidity sensors, cup anemometer and infrared thermo meters fitted 
inside a rolling case for portability (Figure 2.a). Ten (10) kits will be used during the large-scale measurements across 
Australia. Each of the sensors is carefully selected from those available in the market. Table 1 shows the details and 
specification of the instruments. Figure 2.b shows the set-up of the probes that measure temperature (Tair), relative humidity 
(RH%) and mean radiant temperature (MRT) fitted on a light weight tripod. This is for ease of use as citizens will be walking 
around the precincts carrying and using the equipment. The omega thermo hygrometer is placed inside a custom-built 
white radiation-shield (Figure 2.c) to protect the sensors from solar radiation. Handheld cup anemometers (Figure 2.d) and 
infra-red thermometers (Figure 2.e) are also included in the kit. All the sensors are calibrated by keeping them side by side 
at various outdoor conditions and comparing the results with high quality laboratory-grade sensors.

Developing experimental protocol for collecting large scale urban microclimate data through community participation



564

(a)  (b)   (c) 

(d)  (e)  

Figure 2: Details of instruments – (a) Equipment Case (b) T/RH/MRT sensors assembled on a tripod  
(c) radiation shield for Temperature sensor (d) cup anemometer (e) infra-red thermo meter 

                       

4.2 Type of experiments

Three (3) types of experiments have been devised according to three themes: urban layout, greenery and surface materials. 
Five different data entry sheets were prepared for distribution to citizens. Figure 3 shows the data entry sheet and location 
map for the urban layout theme. Points 1 to10 are marked on the map. For any experiment, the citizen scientists will have 
to note down the time of measurement at each point. Pens/pencils and notepads will be provided.

4.2.1 Urban layout theme

The urban layout theme has two types of experiments: urban layout overview and urban layout section

• Urban layout overview: the purpose of this experiment is to map the microclimatic conditions along streets to check 
hot spots, stagnant spots and heat build-up. Citizens will be moving along the selected locations as numbered on 
the data entry sheet starting from “point 1”, and finishing at point 10. Citizens will be performing all the measurements 
at each point. 

• Urban layout section: the purpose of this experiment is to map the microclimatic conditions across a section of 
urban layout. Citizens will be moving along the selected locations, numbered on the data entry sheet and performing 
the measurements indicated. Vertical surfaces are also included.

4.2.2 Greenery theme

The greenery theme also has two types of experiments: greenery overview and greenery section.

• Greenery overview: The purpose of this experiment is to characterize the thermal profile of green areas by moving 
radially towards its centre. Citizens will be moving along the selected locations as numbered on the data entry sheet.

• Greenery section: the purpose of this experiment is to map the microclimatic conditions across a section of green 
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landscape. Citizens will be moving along the selected locations, numbered on the data entry sheet and performing 
the measurements.

4.2.3 Materials theme

Material theme has one type of experiment. The purpose of this experiment is to map the thermal response of many different 
surfaces. Citizens will move around and detect portions of landscape made of different materials, or sunlit or shaded 
portions of the same material or dry/wet portions of the same material. 

 
Figure 3: Example for data entry sheet and map of locations for urban layout theme

5. PILOT MEASUREMENT

A pilot measurement was conducted in Hume City Council, Victoria on 23rd February 2018. Hume City Council is one of 
Australia’s fastest-growing and culturally-diverse communities and is home to more than 198,000 residents. Spanning a 
total area of 504 square kilometres, the City is located in Melbourne’s northern fringe, just 15 kilometres from the centre 
of Melbourne (Hume City Council, 2018). Hume is built around the established suburbs of Broadmeadows, Tullamarine 
and Gladstone Park in the south, the developing residential suburbs of Craigieburn, Greenvale and Roxburgh Park in the 
north-east and the Sunbury in the north-west. It is made up of new and established residential areas, major industrial and 
commercial precincts and vast expanses of rural areas and parkland. The Melbourne International Airport accounts for 10 
per cent of the total area of Hume City (Hume City Council, 2018). The pilot measurement was conducted near the global 
learning centre precinct in the Broadmeadows area (See Figure 4).

Figure 4: Location of pilot measurement 
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In the measurement campaign focusing on urban layout theme, 12 people including community members and council 
staff participated. The participants registered their details through the online registration link in the website. Participants were 
asked to wear comfortable footwear and bring a hat along for protection from sun. The measurement started at 1 pm and 
finished around 3 pm. The session started in the council meeting room with a short briefing of the measurement protocol 
and demonstration of the instruments used. The participants were briefed that they will be walking around the precinct 
with light weight handheld instruments and will take measurements at specific locations. Prior to the measurement, the 
walking route and locations were identified by the researchers who accompanied the participants during the whole session. 
The participants were divided into four groups of three members and each group was accompanied by two researchers. 
The maximum distance they covered by walking was around 650 metres one way. After the measurement, everyone 
was directed to the council meeting room for a short debrief and preliminary measurement results were presented to the 
participants. Figure 5 shows some views of citizens performing the measurements.

  

Figure 5: Citizens performing measurements 

5.1 Weather conditions

The measurement was performed on a hot, but cloudy day in February. The weather data from the nearest Bureau of 
Meteorology (BoM) station was used as a reference for comparing the results of microclimate measurement. Melbourne 
airport is around 10 km away from the site (see Figure 4). For the month of February 2018, the lowest and highest temperatures 
recorded at Melbourne airport were 22.1°C and 37.4°C respectively. The minimum and maximum temperatures recorded 
on the day of measurement were 19.6°C and 34.5°C respectively. Maximum wind speed of 18 m/s (NNE) was recorded 
at 3.20pm. Temperatures at 9 am and 3 pm were 22.6°C and 32.9°C respectively and relative humidity for the same time 
period were 70% and 26%.  

5.2 Results of microclimate measurements

The air temperatures of the precinct during the pilot experiment ranged between 28.5 °C and 31.2 °C. (Figure 6) The lowest 
temperature was observed at point 1 which is in front of the council office and the highest temperature was observed at 
point 9, in the children’s’ playground. However, as point 1 was the first point of measurement, there may not have been 
enough time for the temperature sensors to stabilise as the equipment had been just brought outdoors from setting up 
indoors as part of the induction. Therefore, the initial readings could be subject to errors. Relative humidity levels were 
rather constant, between 30.5% and 33.5%. Wind speeds ranged between 2 m/s and 5.7 m/s. The wind speed varied 
drastically within seconds, making it difficult for the participants to record one single value. Highest wind speed was also 
recorded at point 1. Surface temperature ranged between 28.5°C and 40.4 °C. Highest surface temperature was observed 
at point 9, on the rubber surface of the children’s playground and this was surprising (and posed concerns) for many of the 
participants. The temperature at the Melbourne airport reference station for this period was 29 °C which is lower than those 
measured at majority of the points.
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Figure 6: Temperature from the pilot measurement 

5.3 Feedback from citizens

At the end of the experimental session, a short survey was distributed to the participants. The survey included questions 
such as “how much the project increased their awareness and understanding of urban microclimate” and “how likely they 
will be applying the knowledge they learned from the session”. The qualitative feedback helped in simplifying the protocol 
and refining the data entry sheets. Citizens suggested that more comprehensive introductory explanation is required on 
urban microclimates and urban heat island. Table 2 shows the summary of the feedback and the actions taken in response 
to that.

Table 2: Feedback from the pilot measurements

Number Comments Actions

1 initial confusion of air temperature/relative humidity sensors on Omega 
data logger

Sensors labeled

2 little difficult and time consuming to find the correct location using the map More directions to provide on the map

3 Felt bit unsafe during certain times. Need some traffic management Try to avoid busy streets

4 Mandatory hat/sunscreen Hat/sunscreen to be made mandatory 
regardless of the weather

5 Need additional persons as time keeper Four people will be in a group

6 Urban layout section too complicated Simple sections to be chosen

7 Height of the measurement for urban layout not consistent Height to be fixed as the height of the tripod 
(1 m)

8 Wind speed changed very drastically, and it was difficult to select one 
reading

The range of wind speed to be noted down in 
the data sheet

9 Not sure how far the infrared guns to be placed away from the surface Instructions for Infrared guns to be placed 1 m 
away from the surface

6. CONCLUSIONS AND FUTURE WORK

This paper describes the development of experimental procedures and instrumentation for large scale urban microclimate 
data collection by citizens. The challenges in designing the instrumentation that is accurate, still not too expensive were 
discussed. The pilot measurement conducted in one of the council precincts gave valuable insights into how normal 
citizens will respond to scientific experiments and how they can be educated and empowered to apply the knowledge they 
learned in planning their microclimates. Further refinement of the procedure for documenting the metadata specific to each 
measurement site is underway. A large-scale experimental campaign is planned in the coming summer (November 2018 
to February 2019) during which 2200 citizens across 22 councils Australia will be performing microclimate measurements. 
The protocol on the archival, processing and the systematic evaluation of the large citizen science data collected will part 
of the next phase of the project.
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