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Over the coming decades, more people 
will live in cities and the challenges for 
the urban environment will increase. This 
is a global challenge and is the focus of 
the UN Sustainable Development Goal for 
Sustainable Cities and Communities (Goal 11).

The challenges for heat, noise and air 
pollution can vary within a suburb and across 
a city. This requires monitoring that is close to 
the source of the pollution to understand how 
people are affected. In the past, monitoring 
has aimed to collect average conditions for 
an urban climate zone. Monitoring at this 
scale aims to avoid being too close a source 
of pollution because the concentrations will 
be too high and not representative of other 
areas in the climate zone.

The cost of devices has been an important 
factor in monitoring a particular location. 
New technology has lowered the cost for 
devices and for communicating the results 
and enables monitoring at a much finer scale. 
It also facilitates community participation 
in monitoring – both in terms of identifying 
areas that are considered a problem, directly 
deploying devices and engagement in 
possible management responses.  

However, the approach is not yet 
standardised and is an emerging research 
focus for international bodies such as the 
World Meteorological Organisation (WMO).  
This report uses examples from two recent 
initiatives by the Technology for Urban 
Liveability Program (TULIP) with NSW local 
governments in Lake Macquarie and the 
City of Sydney to demonstrate the use of 
monitoring to investigate urban climate 
challenges. Examples from around the 
world are used to show emerging practice 
and how others are seeking to understand 
and manage their urban environments. 
Basic concepts for monitoring the urban 
climate are introduced to illustrate the 
difference between collecting data for 
particular locations and collecting data for 
representative climate zones. 

This report introduces some of the challenges 
faced in managing the urban environment and 
the potential of new technology to support the 
liveability of our communities.

This publication was 
supported by the 
Australian Government 
through the Smart 
Cities and Suburbs 
Program
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Climate and  
well-being 
Heat, noise and air quality can have a large impact 
on well-being in our neighbourhoods. They are 
likely to become even more important as the 
population grows in urban centres – Australia is 
one of the most urbanised counties in the world 
and 91% of the population is expected to live in 
urban areas by 2050 (UN, 2019).  Similar trends 
are occurring across the world and ‘Sustainable 
Cities and Communities’ has been recognized as a 
UN Sustainable Development Goal (UN, 2018). The 
following examples show how localised monitoring 
can help manage risks by tailoring management 
options to areas with evidence of concentrated 
pollution and vulnerable populations.
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Heat
Impacts from urban heat are currently 
observed through admissions to hospitals 
and measured in terms of risks and health 
costs (Wondmagegn, Xiang, Williams, 
Pisaniello, & Bi, 2019). In Australia, heatwaves 
are a big problem and cause more deaths 
than other natural disasters (Steffen, Hughes, 
& Perkins, 2014). Understanding the risks 
for heatwaves in the future draws upon large 
scale climate observations and modelling 
(Reisinger, 2014). This provides regional 
climate forecasts such as the number of 
days over 35°C and insight into the effect 
on vulnerable parts of the community such 
as the elderly. This is important to inform 
the need for managing extreme heat and 
examples include heatwave planning for Lake 
Macquarie and the Central Coast (HCCREMS, 
2014; OEH, 2014).

Another important consideration for 
managing heat in the urban environment 
is understanding how heat varies across a 
suburb. The Urban Heat Island (UHI) effect 
describes the increased temperatures in 
particular locations due to the types of 
surfaces such as buildings and paving, dark 
surfaces and lack of vegetation. For example, 
UTS studies in Penrith in western Sydney 
show that surface temperatures on a warm 
day ranged from around 30°C through to 
almost 55°C. The elevated heat in particular 
locations can also coincide with vulnerable 
populations and increase the health risks. 
Monitoring in particular locations can identify 
the size of the risk and guide management 
responses such as “cool route” wayfinding, 
urban design and citizen awareness and 
warnings to minimise the risk. 

Noise pollution
Urban noise pollution in Australian cities 
comes from many sources, including road 
traffic, aircraft, rail corridors, construction 
and various commercial and industrial 
activities. Persistent and pervasive noise 
pollution has a direct negative impact on 
human health, resulting in increased levels 
of stress and reduced amenity, including 
sleep disturbance and even cardiovascular 
impacts (Sørensen et al., 2011). In Europe 
alone, the World Health Organisation 
estimated that noise pollution resulted in the 
loss of at least one million healthy life years 
(WHO, 2011). Currently, urban noise pollution 
is not extensively measured. Deployment 
of noise sensors will enable baseline 
measurements prior to new developments 
and to test the impact of measures to 
mitigate urban noise such as improved urban 
design, sound barriers, new road surfaces 
and even the uptake of electric cars. 

Air pollution 
Air pollution contributes to health impacts 
such as increased risk of respiratory and 
cardiovascular disease and is associated 
with millions of premature deaths each year 
across the world (Landrigan et al., 2018). 
Air pollution, and in particular particulates, 
is one of the main measures for progress 
on UN Sustainable Development Goal 11, 
Sustainable Cities and Communities (UN, 
2018). Australia and New Zealand are two of 
the only regions in the world where particulate 
matter is below World Health Organisation 
guidelines for city dwellers (UN, 2018). 

However, air pollution impacts can vary at 
fine spatial scales in urban environments 
(Fecht et al., 2016), resulting in specific 
locations with pollutant concentrations 
above recommended safe levels. The choice 
of location is also important for measuring 
the type of pollutant and its impact – primary 
pollutants are directly emitted and have 
higher concentrations near the source than 
secondary pollutants which are formed 
from chemical reactions (Williams et al., 
2014). Local features can also influence 
concentrations – areas with stagnant air 
can lead to increases in concentration over 
time. Concentrations can also vary by time of 
day – such as air pollution during commuter 
rush hours – which may increase the exposure 
for those near the road, such as cyclists, 
pedestrians and people in surrounding 
buildings. A plume of pollution may disperse 
quickly, which has implications for the ability 
of the sensor sample to capture pollution 
emissions quickly enough. 

Kent Plasto from Lake Macquarie 
City Council installs a Netvox 
temperature and humidity 
monitoring device.
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Moderate readings

Micro-climate monitoring 
captures local variation

Positive readings Negative readings

Monitoring in the mixing zones 
averages local features
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Monitoring the  
urban climate
Existing standards and expertise from 
the World Meteorological Organisation 
(WMO) provides guidance on how to 
collect representative climate data and 
avoid landscape features that may affect 
measurements (Oke, 2006; WMO, 2012). 
Representative data aims to provide an 
indication of conditions across a wide area.

Microclimate monitoring is far more localised 
and data is specific to a particular location.

There is also growing recognition from the 
WMO of urban air quality at micro climate 
scales and its relationship to the UN 
Sustainable Development Goals (WMO 2018). 
However, this is an emerging area of research 
and climatic monitoring of micro scales is yet 
to be standardised. There are also challenges 
for how to integrate data for specific micro 
climates into existing climate models that 
operate on a larger scale (WMO 2018). 

Microclimates: 
understanding the 
climate where we live
Conditions on the ground can vary across a 
neighbourhood, from busy roads to tranquil 
parks. There is growing interest in capturing 
this variation to gain new insight into the 
impacts of climate and urban design upon 
the liveability of our cities at the human scale. 
For example, monitoring the climate at the 
micro scale can answer questions like ‘just 
how concentrated is the pollution for a cyclist 
or a pedestrian on or near a busy road?’. It 
can also consider how this pollution diffuses 
before reaching an adjacent school. Similarly, 
monitoring of heat impacts from road and 
building surfaces around a retirement village 
can inform mitigation decisions to reduce 
impacts on elderly residents.

The important characteristic of this type of 
monitoring is that it aims to capture the highly 
localised variations caused by landscape 
features. In comparison, traditional climate 
monitoring from government agencies seeks 
to avoid or average out the variation from 
micro climate features to produce a more 
representative average for the area.

Moderate readings

Micro-climate monitoring 
captures local variation

Positive readings Negative readings

Monitoring in the mixing zones 
averages local features
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New technology to 
measure and respond 
to challenges 
A breakthrough for distributed microclimate 
monitoring has been enabled by low-cost 
devices, combined with new communications 
and data management technologies. One 
such technology is Long Range Wireless 
Area Network (LoRaWAN), which connects 
many small distributed devices to a central 
‘gateway’ via periodic radio transmission. 
An advantage of LoRaWAN is its low power 
requirement, a result of low bandwidth (i.e. 
small amounts of data sent), and high latency 
(i.e. data is sent at intervals, such as every 
15 minutes, rather than as a stream). This 
allows some devices to function for months 
or years on batteries. Battery-optimised 
devices expand the options for deployment 
locations in the urban environment and can 
help avoid lengthy approvals associated with 
connection to mains power. Solar PV can be 
integrated to support more power-hungry 
sensor types.

The graphic to the left summarises the 
components of the TULIP system deployed 
in Lake Macquarie and the City of Sydney: 
monitoring devices host sensors and 
communicate  with a nearby LoRaWAN 
gateway that relays the signal through the 
internet to an environmental data platform, 
where it is stored, processed, analysed and 
communicated to the user. 

Community 
engagement in 
local environmental 
monitoring
Community participation is supported by low 
cost technology, ease of deployment, open 
access networks and the ability to focus 
on particular locations of public interest. 
Example initiatives vary from centrally 
organised models where data is made open 
to the public, through to programs where 
a community designs a project, choosing 
locations of interest, deploying devices and 
analysing the data. 

Around thirty TULIP environmental sensors 
were deployed in Lake Macquarie as part of 
Council’s ‘adopt-a-sensor’ initiative. Devices 
were donated to residents, schools, and 
community groups and connected to the 
TULIP data platform, allowing participants 
to share live data with each other. The 
initiative points the way towards a grassroots 
multi-ownership model for distributed 
environmental monitoring. By inviting local 
people to actively participate, the project 
supported digital literacy and encouraged 
community to take ownership of the 
technology and its outcomes.

LoRaWAN 
gateway

LoRaWAN signal

3G to Cloud

Database

Aggregation platform: 
analysis, visualisation 
and storage

Device onboarding 
and management

Other platforms

Other networks

Sensor

Sensor

Data ingestions: 
interpret, reformat 
and redirect

The Things 
Network

- Maps
- Graphs
- Alerts
- Device management
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Responding to 
monitoring needs
UTS and The ARCS Group have 
collaborated to build the TULIP 
Environmental Monitoring System (EMS). 
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TULIP Environmental 
Monitoring System 
(EMS)
The TULIP Environmental Monitoring 
Station (EMS) was designed as a reliable, 
compact, low cost, IoT-enabled solution for 
distributed collection of environmental data 
in communities and cities across Australia. It 
was delivered through a partnership between 
UTS and The ARCS Group and is the focus of 
ongoing research and development.

The TULIP EMS includes sensors for:

 • Heat and humidity

 • Air pollutants (particulates, carbon 
monoxide, ozone and nitrous oxide)

 • Noise

The TULIP EMS can also be extended to 
include a solid state weather station that 
measures barometric pressure, rain, wind, UV 
and brightness.

As of mid 2019, the Smart Liveable 
Neighbourhoods project has deployed 14 
TULIP EMS units across Lake Macquarie and 
9 units across the City of Sydney. Three of 
these are at primary schools. Another 14 units 
are scheduled for upcoming deployment in 
the City of Parramatta.

Characteristics of the 
TULIP EMS

Commercial scalability: Designed 
for rapid scaled commercial 
production.

Non-Proprietary: Open access to 
data, allowing integration with any 
suitable third party platform.

Tough: Rugged outdoor protection 
(IP65) and no moving parts. Designed 
and built in Australia, for Australian 
conditions.

Low-cost: Designed for high quality 
performance with a retail price 
significantly lower than any similar 
devices.

Self-contained: Solar and battery 
optimised (no mains power required) 
for fast and simple installation.

Benchmarked: UTS has tested 
sensor performance under controlled 
lab conditions.

An installed TULIP Environmental 
Monitoring System 9
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Practical 
considerations for site 
selection, modelling 
and analysis 
Once a suitable monitoring device has 
been selected, there are a number of 
practical considerations for choosing sites 
to collect data. For example a suitable 
fixing location is required for the device. 
Standards and guidelines are available 
for deployment of devices for collecting 
representative climate data at the local 
and meso scale (WMO, 2012). However, 
standardisation for deployment of devices 
to capture micro climate variation is yet to 
be developed. Future standards will need 
to allow significant flexibility in order to 
accommodate the broad range of contexts 
and practical constraints for mounting 
devices in an urban setting.

Once deployed, a detailed description of 
the location and specific mounting context 
should be captured as metadata (Muller, 
Chapman, Grimmond, Young, & Cai, 2013). 
This contextual information relates to factors 
that may directly affect sensor readings and 
is critical for interpretation of data at the 
microclimate scale. 
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Featured stories
TULIP has installations in Lake Macquarie and 
Sydney Council areas. The following examples 
illustrate various research perspectives being 
addressed by the program. International 
experience from leading examples are also 
presented. TULIP builds upon international 
experience and combines the benefits of a 
scientific and community based approach.  
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Case study context

Charlestown, 
Australia 

The TULIP project is working with Lake 
Macquarie City Council to explore the use of 
smart sensing technologies in Charlestown. 
The aim is to increase the understanding 
of local microclimate variations to inform 
improved design and management of the 
urban environment.

Charlestown is a suburb with a population of 
approximately 13,000 people (ABS, 2019) and 
is the retail and service centre for the Lake 
Macquarie region. The retail centre, known 
as Charlestown Square, is a transport hub 
and is close to major arterial roads such as 
the Pacific Highway. The areas surrounding 
Charlestown Square include housing, schools, 
swimming pools and nature reserves. 

The map below shows the deployment of 
EMS air quality and noise monitoring devices 
around Charlestown, as part of the wider set 
of deployments described in the following 
featured stories. 

Copy of TULIP, Lake Macquarie

EMS_2.0.csv

All items

Gari
Street

Charlestown 
Pool

Charlestown 
Public 
School

South
Piazza

Pacific 
Highway 

South

North
Piazza

Pacific 
Highway 

North

Charlestown 
Square
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Central Charlestown is a busy retail, services and transport hub, 
with high vehicle traffic and high numbers of pedestrians. The area 
measures approximately 1km by 500m with Pearson Street and the 
Pacific highway running north to south. Thousands of people live, work 
and play in the area and environmental liveability is a critical concern 
of Council. Air quality, noise, temperature and humidity monitors have 
been deployed on Pearson Street at the north and south entrances to 
the large Charlestown Square shopping centre, with another five in the 
surrounding area. A weather station has also been deployed to provide 
accurate local meteorological data to interpret readings from the 
whole Charlestown sensor network. A further thirty-two temperature 
and humidity sensors have been deployed throughout the area.

Aims:

 • Understand how heat, air quality and noise vary spatially and 
temporally at a microclimate scale across central Charlestown

 • Use insights from geospatial and temporal trends to inform 
mitigation strategies

 • Establish a baseline against which future mitigation initiatives 
may be compared 

 • Create opportunities for community engagement and precinct 
activation through public art installations that respond to live 
environmental data from the local area

Charlestown centre 
and Pearson Street

Where and when are people  
most exposed to peaks in heat, 
poor air and noise pollution in 
Central Charlestown?

Story #1
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Highways are understood to be one of the greatest sources of air 
pollution and noise in urban areas. Large expanses of exposed asphalt 
and concrete are also significant contributors to the urban heat island 
effect. Air quality, noise, temperature and humidity devices have been 
deployed to collect data along the side of highways, with a spread of 
other devices positioned through surrounding back streets up to a 
distance of 700m. Back streets in Charlestown tend to be residential 
and host public facilities such as schools and sports centres. 

For comparison, a parallel implementation is happening in  
City of Sydney where back streets are busy pedestrian precincts  
and ‘village’ centres.

Critical highways for focus are the Pacific Highway in Charlestown and 
Broadway in Sydney. By comparing the data on the side of highways to 
the data collected at intervals back from them, insights can emerge 
about how highways negatively impact the broader environment that 
they run through.

Aims:

 • Understand how air and noise pollution spreads away from 
highways into surrounding streets and how different land uses 
might help to mitigate this.

 • Understand the impact of highways on the urban heat island effect 
experienced in surrounding residential streets.

Highways and  
back streets

During rush hour traffic, 
under various weather 
conditions, how far from a 
highway does a pollution 
peak stretch and how long 
does it remain in place?

Story #2
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In Lake Macquarie, the Adopt-a-Sensor program has seen air quality, 
noise, temperature and humidity devices deployed at eighteen schools 
and clubs, including three pre-schools, six primary schools, two high 
schools, two sports fields, two swim centres, two bowling clubs and a 
scout hall. In the City of Sydney, Glebe Public School and Green Square 
Library are focus points.

Distributed sensors allow data to be gathered in the places that 
matter – where people gather and spend time exposed to the 
outdoor environment. TULIP has created an unprecedented platform 
for community data sharing. Schools and community groups now 
have open access to their own live and historical environmental 
data, allowing people to understand what they and their families are 
exposed to and to compare this with other locations in their area and 
further afield. The implications for advocacy and grassroots innovation 
may well be significant.

Aims:

 • Understand the impact of air quality, noise and heat on schools 
throughout the day and year and how peak events overlap with 
periods when children are outdoors.

 • As above, for sports facilities, bowling clubs and other community 
facilities, with insight into how localised environmental conditions 
overlap with use.

How will schools and 
community groups respond  
as they gain access to this 
new data?

Community sensing: 
schools, sports 
facilities and clubs

Story #3
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Distributed microclimate monitoring allows a focus on urban 
microcosms. Urban heat island effect, air quality and noise can all 
vary significantly over just tens of metres, depending on multiple 
intersecting aspects of the urban environment. Building shadow, tree 
canopy, permeable surfaces, building density, types of façades, wind 
tunnelling and distance from sources of pollution can all create highly 
localised variations.

Features of the natural environment can be included in the urban 
environment to moderate impacts. For example, Pearson St Mall in 
Charlestown is a well-used, tree-covered pedestrian thoroughfare 
and gathering place. Temperature and humidity devices have been 
deployed at both ends of the mall to compare localised heat with 
the surrounding area. The mall will be upgraded in late 2019, with 
trees replaced and new surfaces installed. Initial data about the 
existing mall will provide a baseline against which the upgrade can be 
compared. 

Pearson Street in Charlestown runs north to south. Buildings along 
the street create shading on the eastern side of the street in the 
morning and on the western side of the street in the afternoon. Two 
temperature and humidity devices have been deployed directly 
opposite each other to explore the microclimatic variations between 
shaded and sun-lit locations over the course of a day.

Aims:

 • To understand how urban environments can vary over short 
distances

 • To better understand the impact of design for improving 
environmental outcomes 

Microcosms

Story #4
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The rapid development of low-costs sensors and communication 
technology has led to many new initiatives over the past several 
years. Earlier reviews of this technology for monitoring the urban 
climate were focussed on university test-bed applications (Muller, 
Chapman, Grimmond, Young, & Cai, 2013a). Since then a number 
of large programs have emerged that have multiple applications 
around the world. These applications also have a stronger focus on 
both collecting the variation at the micro climate scale as well as 
community engagement. 

Experience from 
around the world

The Making Sense project is an example of 
a project that focuses on community led 
monitoring (Balestrini et al., 2018; Henriquez, 
Kresin, & De Sena, 2016). This includes the 
development of a low cost device which 
is intended to be deployed and calibrated 
by community groups. Resources have 
been developed to guide the process and 
is supported by software which has been 
developed to communicate the results back 
to the community groups. The technology has 
led to a number of applications in Europe for 
project which monitor for relatively short time 
periods and are described in more detail in 
the following summary. 

The Array of Things from the University 
of Chicago also has a focus on civic 
engagement (Coulson, Woods, Scott, & 
Hemment, 2018; Wilson & Chakraborty, 
2019). This project also focuses on collecting 
variations in microclimate data as well as 
development of devices and software to 
support data processing and communication 
(Beckman et al., 2016; Catlett, Beckman, 
Sankaran, & Galvin, 2017). The devices have 
undergone benchmarking and refinement 
and are designed to withstand environmental 
conditions for longer term deployment. 
A series of deployments are now being 
developed for other regions.

Other projects such as the Birmingham 
Urban Climate Lab (BUCL) (Chapman et 
al., 2015; Warren et al., 2016) and the more 
recent Novi Sad Urban Network (NSUN) in 
Serbia (Secerov et al., 2019) have a focus 
on representative data collection. These 
projects provide important insights for the 
use of World Meteorological Organisation 
guidelines to collect representative 
data for urban climates. This highlights 
considerations for calibration and sensor 
performance, design of the monitoring 
system and deployment of devices. 
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Making Sense, various locations in Europe

Rationale Support community-led monitoring of the urban environment. 

Innovation

Measures Air temperature, relative humidity, noise level, ambient light, barometric pressure, equivalent carbon dioxide, 
volatile organic compounds, particulate matter (PM1, 2.5, 10)

Sensors/device Smart Citizen Kit sensor hardware has been tested over 5 years, pre-order cost of $99 and a 'turn-key' 
solution with integration with the platform. 

Platform Smart Citizen Kit uses FCC-certified Wi-Fi and open source website and an Application Programming 
Interface (API) 

Engagement Citizen science driven by community engagement. Thousands of Smart Citizen Kits have been deployed. 
Individual community projects generally have 10-100 participants (GammaSense 75-100, UrbanAirQ 20, 
Placa del Sol 20, KosovoPilot 30) 

Implementation

How many sensors Cities such as Barcelona have about 700 Smart Citizen Kits that have been deployed. Projects to study 
a particular urban challenge may have a smaller number of devices such as the Placa del Sol case study 
focussed on noise in one particular location. 

For how long Monitoring can be ongoing. However, projects that are community driven generally span a number of 
months to a year such as GammaSense (March 2017-2018), UrbanAirQ (March-August 2016), Placa del Sol 
(November 2017 - March 2017), KosovoPilot (22 April 2016 -22 April 2017)

Micro-climate/representative Micro-climate

Learning

Successes Has enabled community engagement on a large scale, providing hardware, software and guides and 
resources to facilitate the process.

Challenges None noted and the results from the studies are not yet documented and reviewed in scientific publications. 

More information

Web site http://making-sense.eu/

https://waag.org/en/project/smart-citizens-lab

https://projects.fablabs.io/+fablabbcn/smart-citizen-kit

https://www.seeedstudio.com/smartcitizen

Publications Henriquez et al (2016), Balestrini et al (2018), Coulson et al (2018) 
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Array of Things (AoT), Chicago and various locations in the US

Overall rationale To engage and enable citizens to create a more liveable city

Innovation

Measures Air temperature, humidity, and air quality

Sensors/device Developed and tested sensors which are available for purchase as part of a 'turn key' system.

Platform Developed an open source platform called Waggle which provides computing at the sensor to manage data 
volumes and security issues.

Engagement Based on the concept of civic technology which focusses on people rather than technology, with the basic 
tenet of "build with, not for".

Implementation

How many sensors Currently installed 100 nodes and 500 sensors planned.

For how long Ongoing

Micro-climate/representative  Micro-climate

Learning

Successes Temperature and humidity effected the reliability of sensors causing them to be unresponsive for hours 
or days potentially leading to failure. This was addressed by developing electronics to put the sensors into 
hibernation in adverse conditions.

Challenges Officially launched in 2016 the project has expanded rapidly. Factors include the people centred rationale 
and engagement as well as successful development and deployment of ‘turn key’ node electronics and open 
source software platforms. Other installations in the US include Palo Alto, Seattle, Portland, Denver, Detroit, 
Chapel Hill, and Syracuse and partners involved to various degrees in various locations around the world.

More information

Web site https://arrayofthings.github.io/

https://medium.com/array-of-things/

https://wa8.gl/

Publications Catlett et al (2017)

Beckman (2016) 

Wilson & Chakraborty (2019)
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Birmingham Urban Climate Lab, UK

Rationale Test-bed application to explore the use of low-cost sensors for representative data collection and initial 
consideration of community needs.

Innovation

Measures Air temperature, relative humidity, solar radiation, hydrological precipitation process, atmospheric wind, sea 
level pressure

Sensors/device Calibrated sensors purchased and assembled as a monitoring system.

Platform Early example of innovative use of an existing wi-fi networks - does not develop a network.

Engagement Sought to understand user needs via a survey of 250 potential users and subsequent workshops to explore 
applications, strengths, weaknesses, opportunities and limitations

Implementation

How many sensors 84 air temperature sensors nested within a course array of 24 weather stations provides comparative data 
for the dense array of low cost sensors.

For how long June 2012 to December 2014 with the original network being repurposed for a test-bed for the assessment 
of crowd-sourced and satellite data.

Micro-climate/representative Aimed at representative data by using predominantly school sites which were surrounded by a variety of 
land use types. Schools also provided wi-fi access. 

Learning

Successes Development of meta-data guidance based on experience from deployment and demonstration of low-cost 
sensors being fit-for-purpose.

Challenges Installed at a height of 3 metres due to security concerns and for deployment in non-standard locations. This 
highlighted the difference with World Meteorological Organisation guidelines for urban installations.

More information

Web site https://www.birmingham.ac.uk/schools/gees/centres/bucl/index.aspx

Publications Warren et al (2016) 

Chapman et al (2015)

Muller et al (2013)  
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Novi Sad Urban Network, Serbia

Rationale Collect representative data for urban climate zones across a city as a long term monitoring network.   

Innovation

Measures Air temperature, relative humidity, direct solar radiation, wind speed, and direction. 

Sensors/device Calibrated sensors, purchased and deployed as a assembled as a monitoring system.

Platform Uses mobile network to transmit data based in part on the costs for data transfer. Organised in a star 
topology rather than a mesh to enable communication.

Engagement No community engagement noted.

Implementation

How many sensors 27 remote stations (air temperature and relative humidity) with 25 urban devices installed on lampposts at 
4m, 2 non-urban installed at 2m and 1 automatic weather stations (solar radiation and wind measurements) 
installed on a building at 35m above the ground.

For how long Ongoing - long term operation of the system was identified as a limitation of existing low cost sensor 
networks.

Micro-climate/representative Aimed at representative data using Local Climate Zones and following guidance (Aguilar et al. 2003; Oke 
2006; Muller et al. 2013b) for representative meteorological sites for the 102km2 area. 

Learning

Successes Provides an implementation of WMO standards using low-cost sensors.

Challenges No challenges noted. 
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