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Abstract. To understand the urban environment from a meteorological perspective in order to
design better and more sustainable neighbourhoods, an open-source and low-cost meteorological
device was developed and tested at the Ecole Polytechnique Fédérale de Lausanne (EPFL). The
results underlined, for example, strong temperature gradients on the campus, particularly in built-
up areas with a high density of artificial surfaces. Additionally, the outdoor human comfort was
evaluated for multiple locations around the campus, underlying the impact of the urban surfaces
as well as the city interface and the greening design. Such studies can be seen as crucial to
provide information to stakeholders in the evaluation of their planning strategies either for
mitigation (such as decrease of the urban heat island effect or greenhouse gas emissions) or for
adaptation (such as improvement of outdoor spaces to face future heat waves).

1. Introduction

Since 2010, urban areas are home to over 50% of the world population [1]. As urban areas concentrate
multiple environmental issues (e.g. urban heat island, air pollution, runoff water, etc.), there is thus a
strong need to cater for the increasing urban population by improving the air quality, the outdoor thermal
comfort and the liveability of cities in general [2,3]. The efficient planning of future buildings and
districts will only be possible if urban planners and stakeholders have the appropriate tools and
information at their disposition.

This is, however, hardly possible with the available information. On the one hand, models are usually
used to evaluate urban planning scenarios, but they do not provide long-term analysis of the scenarios.
Moreover, they are computationally very expensive and hence are seldom used by municipalities and
urban planners. On the other hand, standardized meteorological data is generally collected outside of
cities. There is thus a lack of monitored meteorological datasets for urban areas that could be used by
multiple stakeholders. There have been several previous attempts to monitor meteorological variables
in cities [4,5]. However, these were performed within the timeframe of a particular project and not
extended.

There is thus a need to develop more easy to install and use meteorological instruments. The objective
would be to better understand the meteorological dynamics in an urban area. In particular, in this study
the monitoring is performed to appreciate and quantify how the students live on a campus, the pathway
they take as well as the places where they decide to stay as function of the micrometeorological
conditions. The monitoring campaign was performed in the framework of the Master course “Behind
and Beyond Future Cities”, in the ENAC faculty of the EPFL.
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The rest of the paper is structured as follows: first an overview of the developed instrument is given
as well as the methodology chosen for the monitoring campaign. The results obtained are then analysed
and discussed. Finally, some conclusions and perspectives for future studies are given.

2. Methodology

2.1 Tool development

An open-source and low-cost meteorological device (MUMiM — Mobile Urban Microclimatic
Monitoring) was developed at EPFL to monitor the urban dynamics in particular with relation to the
urban heat island phenomena. An air temperature sensor, a humidity sensor, a luxmeter and a sonic
anemometer were integrated in the portable device. Additionally, a GPS sensor gave the location of the
device at each time step. Most of the hardware are Adafruit components. The specifications of each
component are found in Table 1. The MUMIiM instruments are portable devices, which can be simply
carried by people, moving throughout the urban spaces. The instruments, record all data except wind
continuously, providing a complete and coherent profile of the micrometeorological conditions.
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Figure 1. Schematic representation of the MUMIM equipment
Table 1. Technical characteristics of the components
Brand Type Precision | Min ‘ Max Units
Humidity . +2 0 100 %
Adafruit  SHT31
Temperature +0.3 -40 125 °C
Luxmeter Adafruit  TSL2561 0 88000 lux
Cco2 . SGP30 400 60000 ppm
Adafruit
TOC 0 60000 ppb
. Ulitmate
GPS Adafruit GPS
Accelerometer Adafruit  LM303
Wind speed 0.12 0 n/a m/s
CV7 -E-OEM
Wind direction +1.5 0 360 °
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2.2 Monitoring campaign

Ten groups of students (three to five people each), from the “Behind and Beyond Future Cities” Masters
course were equipped with the devices as well as other instruments to make a qualitative assessment of
the reliability of the newly developed instrument. and conducted a monitoring campaign on the 11" of
April 2019 in the afternoon from 13.30 to 14.30. The monitoring was performed on the EPFL campus
in Lausanne (Switzerland). Additionally, the outdoor human comfort was evaluated through
measurements of the Wet Bulb Globe Temperature (WBGT) as well as through onsite questionnaires,
for multiple locations around the campus, underlying the impact of the urban surfaces, the city interface
and the greening design. The final objective of the study was to create a climatic map of the EPFL
campus, by interposing the monitoring data performed by the students.
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Figure 2. Different monitored environment on the EPFL campus
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The air temperature and the relative humidity from four selected instruments are shown in Figure 3

and Figure 4 respectively.
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Figure 3. Air temperature (°C) measured by the MuMiM instrument and the LogTag (from left to
right and top to bottom: Instrument #1, #3, #6 and #10)
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Figure 4. Relative humidity (%) measured by the MuMiM instrument and the LogTag from left to
right and top to bottom: Instrument #1, #3, #6 and #10)



CISBAT 2019 IOP Publishing
Journal of Physics: Conference Series 1343(2019) 012014  doi:10.1088/1742-6596/1343/1/012014

It can be seen that on average the MuMiM recordings for the temperature and the humidity are relatively
similar to those of the LogTag (which is a commercial, standard and calibrated instrument used
regularly). Several features from the measurement can be explained with the handling of the instruments
themselves. Some of the participants switched the instrument on and off during the measurement period.
This is noted in the graphs with the linear interpolation between 2 points and is particularly noticeable
from the comparison of instrument #10 with the LogTag. Furthermore, it can be highlighted that for
instrument #1 the temperature was underestimated by the MuMiM instrument with an average
difference of 3.7°C. Such a marked behaviour was not noted in other instruments and did not appear
also in the relative humidity readings.
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Figure S. Map of the temperature (°C) for the EPFL campus combining all instrument used for the
monitoring on the 11" April 2019 from 13.30 to 15.30

Figure 5 gives an example of a map that can be created using the measurement obtained from the
instruments. Overheating can be noted overall in denser areas of the campus, while in more open spaces
and places with a higher fraction of vegetation, the measured air temperatures are slightly lower. This
is in accordance with previous studies conducted on the campus [6,7] or in the region [8]. Within the
monitoring day, circa 10 monitoring datasets were obtained thereby allowing a good description of the
urban microclimatic conditions on that day within the EPFL campus.

4.Conclusions and Perspectives

A new open-source and open hardware meteorological instrument was developed at the EPFL. This
instrument can be used to analyse the urban outdoor environment in order to derive new urban planning
strategies. The first measurement campaign conducted during Spring 2019 gave satisfactory results as
regards to the validity of the measurement. The results further underlined, for example, the strong
temperature gradients that exist on the campus, particularly in built-up areas with a high density of
artificial surfaces. Comparisons with standard instruments were also made for all variables measured
(such as the wind speed, wind direction, CO2,...) and will be published in a next study. It should be
noted that the instruments used for the comparison had different response time. The largest difference
in the response time was between the CO2 sensors that we used (results not shown here). For the wind,
the sonic anemometers only took measurements in stationary conditions with a sampling rate of 1 s. The
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Logtag on the other hand took measurement every 10 s as did the MuMiM sensor for the temperature
and RH.

In the future, the objective is to extend the monitoring campaign to multiple urban areas to improve
the understanding of the urban heat and cool island effect, in particular due to the presence of the nearby
Lake Leman. Such studies can be seen as crucial to provide information to stakeholders in the evaluation
of their planning strategies either for mitigation (such as decrease of urban heat island or greenhouse
gas emissions) or for the adaptation (such as improvement of outdoor spaces to face future heat waves).
Moreover such instruments can be used to raise awareness of environmental problems, in order to people
urban dwellers understand and address these issues in their daily life.
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