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3 Groups, 3 themes :
1. Water temperature in an urban pond
2. CO2 over highway
3. Balcony Air Temperature & microclimate

Motivation
• Redefine the traditional “field” course in the 

summer of 2022 to a learning-by-doing 
course that does not require travel, thus is 
in general more accessible and has a 
smaller carbon footprint. 

Learning Objectives
1. Ask an original scientific question 
2. Independently design, build, and program 

electronic measurement instrument with 
simple micro electronics 

3. Answer the scientific question by analyzing 
data collected with own device and 
communicating it scientifically 

Pedagogical Framework

Natalie C. Ceperley (natalie.ceperley@giub.unibe.ch), Linus Fässler, Peter Leiser, Bettina Schaefli

Teaching by doing or a field course in our backyard:
the first Geosensing of the Environment course in this Geography InstituteEGU23-13006 Hall X2

Wed, 26 Apr, 14:00–15:45 (CEST)

Institute of Geography (GIUB) and Oeschger Center of Climate Change Research (OCCR), University of Bern, Bern, Switzerland
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Input

Income

Theory

iLOs

Activities

Assessments

Output

Outcome

Impact

6 course days (1 in May to launch ; 5 in August

for workshop), 3 instructors (scientist, techni-

cian, assistant); 11 students (MA geography,

diverse competencies in terms of science and

technical, various timelines for master research)

motivation of students & instructors, support

from geography institute &FIL-university

constructive alignment, self-directed

learning, collaborative workshop

scientific questions;

micro electronic sen-

sors; communication

of data & results

literature, presenta-

tions, observations,

independent learn-

ing, ilias platform

(forum, etherboard,

learning resource),

feedback rounds,

peer-feedback, trou-

bleshooting, field

installation, visual-

ization, inner- and

intra- group exchange

participation,

presentation, proposal

scientific questions, measuring de-

vices, data sets, evaluation of learning

technical competence, knowledge, familiarity,

raspberry pi, python, field work, scientific

maturity, scientific process from question to

collection to data to answer to communication,

exposure to proposal, good collaborators

better scientists

Figure M5.1: The evaluation was modelled in terms of inputs & income, outputs,
outcome & impact and intermediary constructive alignment of intended learning
objectives (iLOs), activities, and assessments.

Self-Directed Learning Period (May – August)
• Goal 1: Gain a foundation with Raspberry Pi Pico
• Goal 2: Generate & Share ideas
• Tool: Illias (online learning platform) with

• Book : Halfacree, Gareth, and Ben Everard. Get Started with 
MicroPython on Raspberry Pi Pico, 2021.

• Forum to track progress, ask questions, troubleshoot, exchange, 
brainstorm

• Library of literature and examples of self-made sensors

Collaborative Workshop: Format
• Course Layout: 6 cycles of 3 ”feedback rounds” :

• Spanned a weekend (ideally for data collection: W, Th, F >> M, T )

Six Themes: 
1. Scientific Questions
2. Sensors
3. Software, Libraries, Date stamps, formats .. 
4. Troubleshooting
5. Physical hardware, building
6. Data Analysis and Scientific Communication

Evaluation / Check- points: 
1. Transition from self-learning to workshop questions
2. Equipment Installed in the field !
3. Final Presentation
4. Proposal of a more long-term project using class work as a pilot

Successes
• Positive reviews from students
• Open-ended nature of the course, adapted 

to individual interests 
• Integration of 2 phases
• Each group had data from a self-made 

device that they built starting with a blank 
sheet of paper (and a raspberry pi). 

• Focus on instrumentation transcended 
disciplines (a plus in Geography! Expand)

• Base for future MA projects.

Observations
• sparkfun thing plus RP2040 sometimes is 

better adapted than raspberry-pi pico
• Tradeoff: empower each student to "start 

from scratch" or provide ready-to-go kits? 
• Challenge = teaching technical subjects in 

non-technical discipline. Start from basic; 
allow time for troubleshooting. 

• Feedback rounds were not always popular; 
restructure so that sharing happens within 
more than between groups. 

Ideas for Future
• Include python data analysis in the self-

directed learning module
• Expand duration but keep hours constant, 

so more time for troubleshooting
• Include real-time clock, energy source, and 

communication tool (e.g., LoRa) in “kit” and 
instruction

• Build two different devices, with different 
groups so contribute differently skills and 
not “specialize”, also increases learning 
potential from feedback.  E.g, a comparison 
of available sensors to foundational skills

• Improve assessment so more individual 
(vs. group) & concrete (vs. participation), 
e.g., 1:1 interview to explain device. 

Acknowledgements
• Support from the “Förderung Innovative 

Lehre (FIL)” via the Vice Rectorate of 
Teaching at the University of Bern
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Abbildung 3: Bauweise der selbst ge-
bauten Messstation. Abbildung 4: Schaubild der Elektronik.

ein Breadorad gesteckt. Diese Verbindungen lösen sich schnell. Somit wurden für den zweiten Versuch
am Floss folgende Anpassungen vorgenommen: (1) Das Programm wurde geändert, sodass bei einem
Neustart der Messungen die neue Messreihe in eine neue Datei mit anderem Namen geschrieben wird. (2)
Die Lithiumbatterie wurde vollständig aufgeladen.

2.1 Resultate und mögliche Verbesserungen

In der Abbildung 5 sind auf der linken x-Achse die von eigens gemessene Wassertemperaturen, sowie
die Wassertemperatur der Messstation Bern Schönau abgebildet. Auf der rechten x-Achse ist die von uns
gemessene Lufttempertaur und die von der Wetterstation Bern Zollikofen dargestellt.

Abbildung 5: Temperaturmessungen der selbst gebauten Messsta-
tion und der Messstationen vom Bundesamt für Umwelt.

Abbildung 6: Korrelation zwischen
der selbst gemessenen Wassertempe-
ratur und der Messstation Schönau
vom Bundesamt für Umwelt.

Die Abbildung 6 zeigt einen eindeutigen Zusammenhang zwischen den, über zehn Minuten gemittelten
Wassertemperaturen, unseres Messflosses und denjenigen der Messstation Schönau. Die eigene Messung
scheint sogar genauer wie die Messung vom Bundesamt für Umwelt zu sein. Jedoch sind die Daten in
Abbildung 6 vom Bundesamt noch Rohdaten, die noch überarbeitet werden müssen.
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Fig. 2: Visible in A the mounted sensors and in B the whole balcony with the three different simulated 

microclimates.  
 
The results of the pilot test showed a high correlation of sensors and proxies with R-values of 
-0.97 to -0.99 (cf. Fig. 3). The initial hypothesis, that higher vegetation density would lead to a 
lower temperature during the day could not be confirmed, while a cooling at night was reduced 
by vegetation as expected. Analysing our sample design, we concluded that the deviating 
results in temperature could be due to environmental factors outside of vegetation (reflection 
of solar radiation, blocked wind flows and heating surfaces and furniture). 

 
Fig. 3: Plotted measurements in Temperature, Humidity and Light for all three microclimates on the left. On the 

right, the R- and p-Value for each sensor cross test are shown.  
 

To avoid these uncertainties in further research we suggest replacing the light sensor with an 
infrared sensor, measuring ambient and surface temperature as well as calibrating the sensor 
to see a more refined difference in lighting conditions than night/day. To obtain data, that is 
consistent for different balconies, a test in which wind dynamics are measured could be 
conducted before or during data collection. 
In our further research we would like to expand our project to a building (neighbourhood) with 
several balconies to determine the minimal level of vegetation needed to impact the 
microclimate in a cooling manner and therefore offer a simple solution to relief heat stress for 
humans in residential areas.  
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2. Research Project 
 2.1 Relevance and current research 
For the next years, as climate change progresses, more extreme weather events are expected. 
Urban environments are particularly vulnerable to temperature extremes as they are affected 
by the urban heat island effect (Gubler et al. 2021). To address these problems, city 
administrations are promoting urban greening projects such as rooftop greening or measures 
in city planning (e.g., the limitation of artificial structures in proportion to green spaces (Kuei-
Feng & Po-Cheng 2010)). The city of Bern has launched such an initiative in the summer of 
2021 to promote biodiversity, a cooler microclimate and more vegetation on urban balconies 
called “Klima Balkon” (Stadt Bern, 2022). A cooler city climate is relevant, as heat stress can 
negatively impact human health and should therefore be minimised in residential areas (Gubler 
et al. 2021). To survey urban climate an extensive measurement network is needed, which 
can be very costly. Therefore, many studies conducted in this field have relied on cost effective 
devices, such as Arduino or Raspberry Pi microcontrollers (Baker 2014). When it comes to 
balcony vegetation, varying levels of density can be observed.  We conducted a preliminary 
test using the microcontrollers mentioned above to answer the question: How much vegetation 
would be needed to have a cooling effect of at least 2C° on a balcony? 
 
 2.2 Preliminary research 
Over the term of two weeks our research group has conducted a pilot test of a possible 
research design to measure balcony climate. Using the Arduino Sparkfun microcontroller two 
sensors were combined to create a datalogger, specifically designed to collect data on balcony 
microclimate (cf. Fig. 1). To measure temperature and humidity the SHT31 sensor by Sensirion 
was used. An additional light sensor (light dependent resistor, LDR) was inclueded to control 
possible influence of solar radiation. The datalogger (programmed with micropython) had to 
be actively measuring data every 10 minutes over the term of 3 days, where a Li-Po battery 
was used as power source. 
 

 
Fig. 1: Picture of the microcontroller, the plugged sensors and the wiring diagram. Framed blue the SHT31 sensor 

and framed in red the LDR.  
 

The datalogger was installed on an urban balcony in Fribourg, CH (46°48’23’’N, 7°10’24’’E) in 
an open plastic case that provided rain cover and shade from sunlight (cf. Fig. 2) placed 0.5m 
above ground. To simulate different densities of vegetation three settings with a high, medium 
and low (no vegetation) density was created. 

Selecting and 
arranging 
components
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