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HANGE Agenda

o Foundational Elements of the -CHANGE Project: what were the gaps in
literature and what did we achieve in the project

o The Three Pillars of -CHANGE.: science, technology, engagement
o Key Findings from the Living Labs

O Project-Level Recommendations

o Conclusions



What were the gaps in literature

O Role of citizen science and co-creation of

observational initiatives in motivating the
shift to sustainable behaviors and climate
action poorly addressed

Data collected in citizen science monitoring
activities often not publicly available and
properly documented in terms of data
guality

Gaps in qualitative and quantitative
methods to assess the effectiveness of
behavioral and consumption towards
mitigation and adaptation to climate change

Foundational Elements of the -CHANGE Project

What did we achieve in the project

o Documented role of citizen science and
monitoring activities in the I-CHANGE LLs in the
observations of climate change and
environmental impacts of personal lifestyle
options

o Promotion of good practices in sharing data
and data quality checks via the dashboard

o Validated novel qualitative and quantitative
methods to assess the effectiveness of
behavioral and consumption patterns in
mitigating and adapting to climate change



HANGE Foundational Elements of the -CHANGE Project

Environmental and climate challenges addressed from two
perspectives:

1. Empowerment through knowledge acquired through hands- % [;E; @W
on participation in the monitoring and assessment _icN J /ﬁ

A 2
f QE\U\ )P 2. Understanding the role and the impact of individual
65 “"r- choices (behaviour, lifestyle and consumptions) in the daily

Y‘w ﬁﬁ life and its consequences on the environment




fiéHANGE The Three Pillars of -CHANGE

 Climate change * Improvement of data  Active participation
awareness and usability and of citizens
education interoperability o Active observation of
* Validated « Set of low-cost the environment and
methodologies to sensors and of the communities
observe the dedicated tools for within the
environment and observation and environment
environmental assessment of
Impacts of individual Impacts of personal

behaviors behaviors



Citizen science experiments in the LLs:
The process

Volunteer recruitment
and Citizen engagement
Data collection and Data from official sources

4l SENSORS g
documentation + scientific knowledge

” APPS P
SURVEYS : :
Data understanding, analysis

and reflection from LLs participants

INTERACTIVE WORKSOPS

Increase individual : Reflect about our roles in
Convey a dialogue ! :
awareness and : climate change impacts
oo with local LL :
knowledge in climate and how we can contribute
: : stakeholders on "
change issues in to mitigate them or adapt to

the LL environment new realities

mitigation solutions




Citizen science experiments in the LLs:
key figures

~CHANGE

Over 6400 participants engaged through
the 8 project Living Labs

For those implementations, 289 low cost sensors
where deployed

1253 implementations of 43 codesigned 26%  Indoor thermometers

citizen science campaigns : : :
Compact and mobile meteorological stations

— (0)
46% Short term (=< 3 days) 32% (MeteoTracker, MT)
26% Mid term (=< 1 month) loo,  Low costair pollution stations (Smart Citizen
28% Long term (> 1month) ° Kits, SCK)

14%  Meteorological stations
9% Other sensors



~CHANGE

CARBON AND ENVIRONMENTAL FOOTPRINT
ASSESSMENT AND MITIGATION



&DHANGE E2GovCmty

E2Gov Cmey

L R e e L TR

Specific model to store data
and calculate carbon and
environmental footprint

Carbon Footprint & Environmental
Footprint

Carbon Footprint
Carbon Footprint & from municipal waste
Environmental management

Footprint from gas & energy Reff D3.2 & D3.3 Environmental
consumption Footprint (biometeorological

indices) for climate impact



‘EHANGE

Integrated Modeling Chain for Tailored
Interventions

BASELINE AND POLICY SCENARIOS

Input

Landuse, Population,
Transport Network

GHGs, SLCFs and
APs emission
factors

Landuse, Surface and
Geometrical
parameters,
Meteorology

B,

ACTIVITY-BASED
‘ MODEL

Traffic Flow

1

EMISSION
MODEL

| S,

Emission
Inventory

1

DISPERSION
MODEL

|

Population Activity-
travel Schedules

Qutput

+ electricity consumption
+ waste management

APs, SLCFs and GHGs
Concentrations

Reff: D3.1, D3.2, D3.3, D3.4, D6.8

CARBON and

ENVIRONMENTAL

FOOTPRINT

Integrated Modeling Chain

for Taillored Interventions

accurate assessment of policies
encompassing various measures,
including incentives for public
transportation, traffic restrictions in
specific zones, the establishment of
infrastructure for bicycles and
electric vehicles, and urban planning
initiatives aimed at creating
pedestrian-friendly environments

This constituted the basis for
developing the Yeti Carbon Footprint
app (see next presentation)



Application Cases with Examples of Emission Reductior
Policies

Carbon Footprint & Environmental

7 Footprint
) 2 co-created policy scenarios for 3 cities:
— Hasselt

» Impact of schoolstraat initiative
(Car access restrictions on school streets)

» Flexible working hours/Working from home options

— Bologna
» Cycling Infrastructure + reduction in speed limits
« Low Emission Zones (LEZ)

 ZON
= Dbl

» Cycling Infrastructure M NN N . @
« Low Emission Zones (LEZ) €. Vo.1, Da.c, Us.

You drtee INTR Tha lonantbision Noe You SV OLT Of the Win-anission Xne
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g, ANGE Traffic pollutants emissions in scenarios
I
Nitrogen Oxides [NOx] (Mg) - Bologna LEZ Particular Matter with diameter less than 10 mm [PM10] (Mg) - Bologna Nitrogen Oxides [NOx] (Mg) - Hasselt
LEZ
200 50 500,0
253 40 400,0
30 300,0
aal l 20 200,0
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) - . 00
Base Base
Scenario 1 Scenariol
Seanaria2 Scenario 2
mCars @ Motorcycles ®mBuses mlightduty vehickes = Heavy duty vehickes .

Scenario 1
Cars ®Motorcycles =

Buses mLight duty vehickes ® Heavy duty vehick:

®m Cars ® Motorcycles wmBuses m Heavy duty vehickes

O The introduction of LEZ for <= Euro 4 in BOLL and DULL can lead to a non-
negligible reduction in AP emissions (in particular NOXx)

O Reduction in APs emissions in HALL scenarios might be significant locally but
negligible overall (urban or neighborhood scale)

Reff: D3.2, D3.3
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& ANGE Environmental Footprint from traffic
Acidification potential (AP) - Dublin - LEZ i Aerosol formation factors [AFP] - Dublin - LEZ
&0 1500
30 ' 100,0 ' '
20
e Base
Scenar ol Senwiol
Scorarlol Sconario 2
BCas WMotorcyckt RBUWwE ELghtduy vehickes = Hony duty vehweios mCars ®@Motorcycies @ Buses mLghtdtyvehickes = Heavy duty vehickes

significant reductions of Environmental Footprint in BOLL
and DULL scenarios

Road traffic (BOLL, DULL, HALL) Reff D3.2 D3.3

Carbon & Environmental Footprint



Carbon & Environmental Footprint for energy
consumption

&ZHANGE

Carbon & Environmental

Footprint from gas & energy
consumption

Spatial distribution (baseline) of

1. CF for gas and electricity
consumptions

2. EF for gas consumptions

Reff: D3.2, D3.3




&ZHANGE

Average composition by category of waste in Ouagadougou as in IPCC model

normalized Degradable

ratio organic
carbon
A = Fraction food 35,5% 015
B = Fraction garden waste and 0,0% 0,2
other plant debris
C = Fraction paper 11,3% 0,4
D = Fraction wood 4.8% 0,43
E = Fraction textiles 11,3% 0,24
F = Fraction industrial waste 1,6% 0,15
Inert 35,5% 0
Total 100,0% 0,15

Carbon Footprint from waste

—)

CH, emissions and CF from landfilling (baseline)

Methane emissions: Ecus = 23.407 Mg
Carbon footprint: Eco,6q=491.543 Mg

from municipal waste
management

Reff: D3.2, D3.3
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Environmental Footprint (biometeorological
‘3HANGE P ( - g
iIndices)
L:: O Antico Genova - Apparent temperature EnVI ron mental
ez Footprint (biometeorological
f; - indices)

O Evaluation of the spatial and temporal distribution
of the events

o Practical recommendations for citizens

Porto Antico Genova - Humidex (H)

Porto Antico Genova - Discomfort index (D))
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HANGE ChallengeYeti app

These activities were preparatory to the development of the I-CHANGE ChallengeYeti app, designed
to encourage us to take no-regrets actions to reduce our environmental impact

o
(]

S
f ( Q Let’s take on your first challenge!
| can't change the
WOI‘Id by myself! Challengecalegor/’
Let’s take climate actions . Moving
together - challenge D Ocheleng n Cycle Ur
yourself and others! _
o Shoppmu
ﬁ 6challend — .,

—4

hallenge

feti

Create youroW  Community challen
Make a new challengd

of a community and s
52 27 members participa

CREATE CHALLENG ; 4 Reff: D4.5



https://challengeyeti.com/,

URBAN CLIMATE & NUMERICAL SIMULATIONS



Analysis of future extreme hot weather events (HW) in urban
areas and their impact in the urban thermal environment

Case study: BOLL

Dynamical downscaling with high-resolution WRF simulations on
selected future hot periods

Variable Setup
Version WRF 4.5.0
Period May-September of “hot years”
Forcing 6-hourly bias-corrected CMIP6 dataset
Domains 405,13.5,45, 1.5, and 0.5 km
Vertical levels 51 (8 levels < 100 m)
Processes Parameterizations by Zonatg et al. [2020]
Urban canopy scheme BEP+BEM, Salamanca gt al. [2010]
Land cover CGLC-MODIS-LCZ, Demuzere et al.

[2023]

Topography SRTM, Farr et al. [2007]

Assessment of the impact of behavioral
changes on global and local climate

Reff: D3.5




éHANGE comparison of future scenarios at local level

SSP5-8.5: far future SSP2-4.5: far future
45 1
HW Period Lt ; :
T HW Period
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Time 2087
very extended and pronounced UHI effect leads more localized and intensified rise in both
to significant discomfort for the citizens of urban and rural temperatures during HW days
Bologna living in the densely built central zones — no UHI worsening compared to near
Reff: D3.5 future




&ZHANGE How to link this with behavioral change?

| CO2 em red (%) CO2 em red (%) CO2emred (%)

Bologna_traffic_base_final_UTM32
co2

Bologna_traffic_base_final_UTM32 Bologna_traffic_base_final_UTM32

- co2 coz
Al - — i
SCENARIO 1: BICYCLE + SPEED LIMITS SCENARIO 2: LEZ INTRODUCTION

Reff: D3.5

balanced technological and social transformations can mitigate risks that may not be fully addressed via
technological innovation alone, for developing an energy-efficient decarbonized transport system (Zhang et al.,
2018)




USE OF LOW-COST SENSORS IN THE LLs



&ZHANGE

MeteoTracker

Meteotracker is a system for agile and accurate weather data measurements on the

move consisting In:

16+ HED - f QD Mg mETY
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Measured quantities: Derived Quantities: = i L,
« Air temperature « Dew point N/ f

* Range: -40°C — 125°C
» Accuracy: 0.5°C

» Relative humidity
* Accuracy: 2%

e Pressure
* Accuracy 100 Pa

San Bartolomeo &
N

Altitude (above m.s.l.)
Vertical temperture
gradient

Solar radiation index
Thermal confo index
Vehicle velocity
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A mobile app
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{CHANGE

Validation of MeteoTracker mobile sensors

BOLL, GELL and AMLL coordinated efforts implementing different experiments to understand and
validate the data collected with MT in different situations

Barbano, F., Brattich, E., Cintolesi, C., Ghafoor Nizamani, A., di Sabatino, S., Milelli, M., Peerlings, E. E. M., Polder,
S., Steeneveld, G.-J., & Parodi, A. (2024). Performance evaluation of MeteoTracker mobile sensor for outdoor
applications. Atmospheric Measurement Techniques, 17(10), 3255-3278. https://doi.org/10.5194/amt-17-3255-2024
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Air temperature comparisons
between the MT and the
reference sensor in fixed (left)
and mobile (right) co-
locations. Coloured dots (right
panel) refer to different
monitoring sessions.
Instrumental errors around
the bisector are 0.6 °C.

Reff: D3.6




&ZHANGE Investigating UHI dynamics in Bologna

= 24-Hour UHI Mapping Campaign: citizens biked predefined routes hourly for 24 hours, capturing UHI
evolution and neighborhood temperature differences.

« MT data showed small temperature differences at midday (due to uniform insolation) and up to 3°C
nighttime differential due to surface properties and vegetation.

« Infrared panoramas supported discussions about surface thermal properties and material impacts
on urban heat.

Air Temperature: 07:00 - 07:30, 02-09-2024
T "\\\\'/LI‘ ) (=] <

Air Temperature: 22:05 - 22:50, 01-09-2024
\N; o] ”Z\

44°30N | g , 11 2N
= L

44°29'45"N |-

e Some of the evolutions of

" the air temperature in the

| (%68 two neighborhoods of the
4 266 city center and

24 55 Sant’Orsola hospital, in
Bologna. Data are
interpolated for a better
visualization of the results.

44°30'N

44°29'45"N
262 "+

44°29'30"N 44°29'30"N - 4

268

256

254 Reff: D3.6

44°29'15'N P —

Combined citizen participation with high-quality data to reveal UHI patterns and recommend mitigation strategies



zCHANGE Investigating Temperature Gradients in Barcelona

= 3 LL volunteers co-designed a 3-week summer MT . s T
monitoring campaign in Barcelona and nearby towns. g s §§§§§§

- Greater morning temperature variability; nighttime S e
patterns more uniform. = 8 7w

« Exposed soils and open areas had high thermal ‘ i
amplitudes (hot days, cold nights). ) |82

- Densely urbanized zones retained highest g | 25538
temperatures at all hours. S Gk

3 | @ F1 %

$

The campaign inspired: & s
— A graduate thesis (Lasheras 2024, grade in physics, UB) 3 | 55355333'2
— A second campaign in Malgrat de Mar with 12 citizens, § 4 2252%2
leading to a municipal proposal for MT installations in S | ® 2%3-770

official vehicles.

Citizen campaigns can yield actionable amplitudes in Barcelona city: morning on the left,
environmental data and influence local policies afternoon in the right. 2 O
eff: D3.




&ZHANGE

I-CHANGE DAY



H ANGE I-CHANGE Day

I-CHANGE Day - 5 June 2024, celebrating the Environmental Awareness Day

— 2 co-created protocols for coordinated activities in the -CHANGE LLs
a) Air pollution measuring campaign: > 14 SCK sensors in 5 LLs collecting data for a common period
b) Temperature perception and the role of water in the neighborhood (with the MeteoTrackers)

—l
— Submission of 7 activities as l ®
Partner Events for the EU I-CHANGE DAY
Green Week 2024 ——
® 9

— Other citizen science activities °
oriented to incentivize ® :
behavioral change ' (

EEU

CHANGE ‘leer GREEN
~ Differently \WEEK

PARTNER
EVENTS

for Cleaner Air
nagement
d water resources (MT)

A polution sk Ccurel _3@_ B LLs involved Activities Participants
i I B 8 12 > 591

“+

Reff: D3.6




@é:HANGE I-CHANGE day

I-CHANGE Day

1 % 3 A & ‘)
—@- Monitoring while moving with MeteoTracker
@  + Perception evaluation in key locations

To ensure data quality and comparability among
living labs, a protocol was designed for the

. Definition of the cycling / walking il Gl e b ] monitoring activities with sensors

route for the monitoring
Discussion on the link between J
r sensor data and perception data

Discussion on air pollution and thermal
comfort, and comparison among living lab
k Elgs ©  Preliminary evaluation of air

LOx) : ; Sy
ollution for moving monitoring
Identification of the location for

the smart citizen kit installation /il Data analysis and visualization

“ through the data dashboard
k (((;))) Smart citizen kit positioning in ’

key locations and monitoring

lllll

Reff: D3.6, D6.8




PL4 | Socio-economic impacts: exposure, vulnerability, prospectives, and adaptation

&DHANGE I-CHANGE day: Air pollution monitoring campaign

- -~ B e
g— e =
ol - 1 1
4 ’ - .
1 %] o [
f
d
¥
|l -y y
} ¥ e wmm—

All the LLs installed >= 2 sensors

i
! il
| _

SCKit2. WASCAL, institutional ~ I-CHANGEDay 2, house Bellvitge, school playground
facility Dublin LL: 2 sensors Barcelona LL: 4 sensors

Ouagadougou LL: 2 sensors
ks ‘ ne ! o f

17 SCK from 5 different LL
participated in the campaign

-
Mascarella27, house Mele, school building Reff: D3.6

31
Bologna: 4 sensors Genoa LL: 5 sensors



&ZHANGE I-CHANGE day: Air pollution monitoring campaign

|I-CHANGE campaign (Bologna)
i e P e e e
b T s
The measuring campaign revealed some spatial 5 "] g
. . " . 7 -+ Mascarslla2?
patterns in air pollution concentration and role of: 5 | zmews
3 30+ -+ VialeMoro
— Traffic =
§ 20{ |
— Vegetated areas £
— Specific meteorological conditions ] -CHANGE campalgn (Barcelona)
I et
04 WHO 2021
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Time _ 401 iy
e b =i
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£
§ 20-
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DM P s
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~CHANGE

I-CHANGE Day: temperature perception

investigation of the temperature perception in specific urban areas, exploring the interplay between
temperature, humidity, and social usage of these spaces using a co-designed common protocol activity

o Objectives:

1%

I-CHANGE DAY
o Promotion of adaptation behavioral changes to decrease extreme Temperature and wiater resources
temperatures impact on citizens daily activities . B
£ N . ®
o ldentification of risk areas and safe routes P %
: : e @
o Experience shearing between participants and LLs
HaNcE Sefiarer | GREEN """
Differently \/EEK
O TOOIS EU Green Week

MeteoTracker devices (portable
meteorological stations)

Individual data forms

PARTNER EVENT

I-CHANGE Day in the
Living Lab: Temperatt
water resources a
change in the local ni

UCD Beffield
June 5, 2024

#WaterWiseEU

Reff: D3.6




Main Activities. Temperature, water resources

‘ZHANGE and climate change in the neighborhood
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Participants’ thermal expectations varied by urban space
type: markets were expected to be hotter, while green
areas, health centers, and meeting spaces had more
varied expectations.

Discrepancies found between expected, perceived, and
actual temperatures — with cities like Dublin, Barcelona,
and Bologna showing notable discomfort gaps.

Green areas in Dublin and sports facilities generally
perceived more comfortable than expected.

Data emphasizes the importance of urban design
features (shade, vegetation, enclosure) in thermal
comfort.

Reff: D3.6

I-CHANGE Day: temperature perception

T expectation vs. T feeling diff. by city and category

2.0
] [ 1-5

l-1.0

Barcelona
1

Bologna

-05

. . N
-—0.5
- —1.0

=15

City
Dublin

Genoa

Hasselt

b ¢ E M P R s v
Space Category

Heat map showing the differences between temperature
indexes for expectation versus in-situ feeling for each LL.
Blue - colder than expected. Red - hotter than expected.
Spaces categories: B - Shops, C — cultural facilities, E —
Education facilities, M — Markets, P -Sports equipment, R
— meeting spaces, S — Health centers, hospitals and
pharmacies and V — green areas.




‘HANGE Project-Level Recommendations

Investing efficiently in mobility strategies, tailored to citizens’ needs, can support a durable
change of habits that makes transport policies effective

The Integrated Modeling Chain enables to prioritize the interventions through a consistent and
effective evaluation of cost-benefits of different scenarios for the local need

To achieve the maximum benefits, citizen science activities must be rooted in scientific and
local knowledge, empowering citizens with the possibility to make the difference

Technological and non-technological tools offer a powerful possibility for engaging citizens
and providing a long-term perspective to any activity, while generating innovative and resourceful
data.



~HANGE Conclusions and Remarks

o Main Achievements
— Improved granularity of data availability through the LLs
— Improved observation of the environment and environmental, social and economic impacts

— Development and validation of 2 original modeling chains for assessment of the effects of behavioral
changes on the mitigation of air pollution and climate change

— Impact assessment based on results from a survey based on COM-B model

— Citizen science experiments in the LLs:
= setup and validation of distributed network of heterogeneous sensing tools
= awareness rising on climate change and air pollution

= tailored suggestions for promotion of sustainable lifestyles and reduction of environmental and
carbon footprint

o Challenges
— Multiple hazards approach in the LLs

— Diversitx in the geograEhical, cultural context and scientific background
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CITIZEN ACTIONS ON CLIMATE CHANGE AND ENVIRONMENT

Find out more

https //|Change pr0|ect eu/

X: @ICHANGE (EY ¢
¢ Linkedin: @ichange-€usy.
“YouTube:@1-Change
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