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The MICS project develops approaches and tools to evaluate egcdence impacts. These
tools can helpto plan and implement projects in ways that lead to deeper impacthe
domains of science, governance, the economy, societyand the environment This
deliverable identifiegxisting stateof-the-art researchprojectsabout naturebased solutions
andanalysethe impactsin the aforementioned domaiss related to the inclusion ofcitizen
science Reference projectsare identified, and how they can bestrengthened by citizen
scienceis discussedThe findings on methods to include citizen scienue the impacts his
can causeare explored.

The MICS project aims tevelop a conceptual framework that hosts metrics, tools and
methods to measure the impact of citizen sciencasframework will be validated in specific
societal and environmental settings in a priority research area of environmental science:
nature-based solutions

2.1 Naturebasedsolutions

Nature-based solution§NBSs) are defined by the International Union for Conservation of

bl GdzNE oL!/bo Fa alOGAzya G2 LINRPGSOGXT &adzadl
ecosystems, thataddress societal challenges effectively and adaptively, simultaneously
providing human weld SAy 3 | YR 0 A 2 RMBSSHUiE Yol &nhd suSpyriSothari & ¢ @
closely related concepts, such as the ecosystem approachsystem service¢ESS),
ecosysterdbased adaptation/mitigation, and green and blue infrastructure. They all
recognise the importance of nature and require a systemic approach to environmental
change based on an understanding of the structure and functioning of ecosystems, including
human actims and their consequences.

In framingNBSsnd consideringheir applications, it is useful to think ¢iem as an umbrella
concept that covers a whole range of ecosystestated approaches all of which address
societal challenges. These approaches caplaeed into five main categories, as shown in
the following Table 1 [https://www.iucn.org/commissions/commissieacosystern
management/ourwork/nature-basedsolutiony.

Tablel. Main categories oNBSapproaches
Category of NB8pproaches | Examples
Ecosysterrrestoration Ecological restoration
approaches Ecologicaéngineering
Forestlandscape restoration
Ecosystenrbased adaptation
Ecosysterrbased mitigation
Climateadaptation services
Ecosystenbased disaster risk reduction

Issuespecific  ecosystem
related approaches

= =4 =4 -4 -8 -8 -9
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Infrastructure-related 9 Natural infrastructure

approaches 1 Green infrastructure

Ecosysterrbased 1 Integrated coastatone management

management approaches 1 Integrated watefresources management
Ecosystermprotection 1 Areabased conservation approaches, including proteet
approaches area management

NBSs, howevewith respect to related conceptbave a distinctive set giremises:

1. Some societal challenges stem from human activities that have failed to recognise
ecological limitations
2. Sustainable alternatives to those activities can be found by looking to nature for

design and process knowledge

They therefore involve thennovative application of knowledge about nature, and they
maintain and enhance natural capital. They are positive responses to societal challenges, and
can have the potential to simultaneously meet environmental, social and economic
objectives.Figurel shows examples dhe EU research and innovation agenda on nature
based solutions.

NBSs are increasingly becoming part of policy and planning strategiesultiple knowledge

gaps have hindered their implementation and acceptance: natural systems behave differently
depending on ecosystem type, climate, location, condition and management, and therefore
generalised assumptions about the functioning and actpof NBSs can be made only with
caution. This has led to a wide variation in their success and application. The effectiveness of
NBSs depends to a large degree upon the perceptions regarding nature and upon the needs
of stakeholders, such as citizens/pigh user groups, conservation bodies, landowners,
farmers, land managers, policy makers and practitioners.
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Goals Research & Innovation Actions

Urban regeneration through
nature-based solutions

Enhancing
sustainable
urbanisation

Nature-based solutions for
improving well-being in urban areas

Restorin g Establishing n?Furebased solutions
for coastal resilience
degraded
ecosystems
Multi-functional nature-based
watershed management
and ecosystem restoration
Developing
Cl imate Ch ange Nature-based solutions for
adaptation increasing the sustainable use of

matter and energy

and mitigation

Nature-based solutions for
enhancing the insurance value of

ecosystems
Improving risk
management
a nd resil lence Increasing carbon sequestration

through nature-based solutions

Figurel. Example of EU research and innovation agenda on ndtased solutions (source:
European Commission, 2015).

A list of principles has been developed for NBSs by IUCN [https://www.iucn.org/
commissions/commissieacosystemmanagement/ourwork/nature-basedsolutions].  To
define them, several existing frameworks were analysed (e.g. ecosystem approach and its
principles, ecosystenrservices approach, the original list of principles for NBSs in the-2013
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2016 IUCN Programméhisset of NBSprinciples to be considered in conjunction with the
NBSdefinition, is helpfulin providing a full understanding &iBSsand isas follows

Nature-basedsolutions:

1 embrace nature conservation norms (and principles);

1 can be implemented alone or in an integrated manner with other solutions to societal
challenges (e.g. technological and engineering solutions);

1 are determined by sitespecific natural and cultural contexts that include traditional,
local and scientific knowledge;

91 produce societal benefits in a fair and equitable way, in a manner that promotes
transparency and broad participation;

1 maintain biological and cultural divetgiand the ability of ecosystems to evolve over
time;

1 are applied at a landscape scale;

1 recognise and address thteade-offs between the production of a few immediate
economic benefits for development, and future options for the production of the full
range of ecosystems services; and

9 are an integral part of the overall design of policies, and measures or actions, to
address a specific challenge.

2.2 Purpose and scope tfisreport

ThisrS LJ2 NJihe 8tafe ofithe art and major knowledge gaps in NBSs keispect to the
potential for strengthening by inclusion of citizen sciénse deliverable of Tagk4 andis
basis of further activities in WP5.

Recommendations for the future of more locally embedded and more efficient NBSs through
citizen science wibe drafted in WP5. This will strengthen the impact and potential of citizen

science The sustainabilithased approach that lies at the root of NBS science will be
reinforced throughtools that identify, foster and evaluate locahvolvement These will
strengthentransdisciplinary research in designing and implementing NBSs and will build on

more comprehensive local knowledge ¢ KS AYGSNESOGAZ2Y 2F adl 1S
relation with ongoing developments in NBSs will result in a more sustainatilgrannded

application of NBSs.

The aim of this document is to provide a review on the statéhe art of NBSprojects that
are or maybe strengthened by citizen scienagreating impact in different domainSpecial
attention is given to the projects #t already include a citizescienceslement

First the analysis of thempact of NB®rojects involving citizen sciencepresented §ection
3); then, selected stateof-the-art projectsare reviewed (section4).
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One of themainaims of the MICS project is to develop metrics and instruments to measure
costs and benefits of citizen science in relation to NBSs, in the domaiosiefy governance

the ecanomy, scienceandthe enviromrment. Table2 describesan initial list of impacts of NBS
projects involving citizen science, which was derived from a workshop held by the MICS
project at the 2019 River Restoration conference in Livergbtips://www.therrc.co.uk/rrc-
annuatconference2019. The workshopinvolved thirtythree participants working for
different types of orgaisations includingthe UK EnvironmentAgency, Lincolnshire River
Trust, the University of Leeds, Thames21, theNational Trust, the Zoological Society of
London,and Canal & River Trughttps://canalrivertrust.org.uk The sessionorganised on
monitoring impact of citizen sciencprovideda preliminary list of possible impacts of NBS
projects involving citizen scienc&able2). More information on the results of the workshop
will be available inthe reporting about milestonea { n Repoét on workshop with
practitioners and researchers from NBSs and other areadittateathe workflow for impact
evaluatiorf @

Table2. Preliminary listof impacts ofNBSprojectsinvolving citizen science
Governance

1. Change in legislation

2. Change in policy

3. Change in public engagement in local environmeptdicy-making

4. Change in public engagement in local pohtgking

5. Change in public engagement in poliogking

6. Change in public engagement

7. Changes in public opinion

8. Changes in inclusion

9. Changes in democracy

10. Changes igitizenempowerment

11. Changes in messaging fed back into governance policy, local councillors and

12. Changes in the strength of voice of community to demand environme
improvement in locations where they engage via citizen science

13. Changes in the strength of voice ohamunity to demand improvement in locatior

where they engage via citizen science
14. [/ KFy3aSa Ay aidl {SK2ft RSNBRQ |oAfAGe U7
Economy
15. Changes in cost of monitoring
16. Changes in business awareness
17. Changes imop support
18. Changes in job creation
19. Changes intinlding work experience
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20. Changesn referencedor people startingheir work careers

21. Changes inantribution to the opendata economy

22.  Changes ifundingof NBSprojects

23. Changes in investments NBSs

24.  Changes inmall business involvement

25. Changes in big business involvement

26. Changes ithe value of ecosystem services

27. Changes in the supply chain

Society

28. Changes inapacity building at community level

29. Changes in public opinion and behaviour

30. Changes in building understanding

31. Changes ibuilding knowledge

32. Changes in behaviour

33. Changes intrust among local communiies and organisations, NGOsand
government

34. Changes in knowledge among local communities and organisations, NGO
government

35. Changes itommunity confidence to engage

36. Change#n longterm public engagement with stakeholders

37. Changes in public engagement with stakeholders

38. Changes in lonterm relationships building with stakeholders

39. Changes in relationships building with stakeholders

40. Changes inaial nclusion

41. Changes in hedit

42.  Changes in well being

43. Changes in social capital

44. Changes inense of ownership

45.  Changes in the engagement of multiple stakeholders

Science

46. Changes in therpduction of scientific NBS evidence

47. Changesid OA Sy 0OSQa t S3IAGAYI Oe

48. Changes iguiding referencefor scientific endeavours in the field of NBS resea

49.  Changes in scientific knowled¢®g.,publicationg

50. Changes irinnovations around concerns shared bgme disciplines employing
citizen science approaches

51. Changes in practices around concerns shdrgdome disciplines employing citiz

science approaches

Environment

MICS_D5.Report on NBS scien¢2019) 9 of 50



. % f: I

Mainly dependant on the NB&oject objectives, but some illustrative examples include
52. Changes invater pollution

53. Changes imgricultural land management

54. Changes in thedalth of coasts

55. Changes in the health of rivers

56. Changes in the health of lakes

57. Changes in theustainaliity of places to live

58. Changes in the sustainability of places to work

59. Changes in@systems

60. Changes in the restoration of ecosystems

61. Changes in the achievemeoftsustainable development goals
62. Changes in biodiversity

63. Changes in loss of biodiversity

64. Changes in ecological degradation (including pollution)

65. Changes in landscape destruction

Based orthe screeningarried out for deliverabl®?2.1, the projectshat focused on nature
based solutions were selectddr this report. The firstgroup ofprojects described already
include a citizerscience compoent; the second group ofprojects do not include this
component in theirdescription and ways in which citizen science can contribute to the
project impacs are discussed The project descriptions are extracted from the CORDIS
website [https://cordis.europa.eu/projects/en] and from therggect websites (sed@nnexl.
Links toproject<websites.

The following projects have included a citizegience component in their description.

4.1 CLEVERIties

Thisis anH2020funded projectthat applies a city centric approach, starting by key urban
regeneration challenges and employing strong local partner clusters, to foster sustainable and
socially inclusive urban regeneration. The project wilcamate, implement, ad manage
locally tailored NB$to deliver tangible social, environmental and economic improvements
for urban regeneration. The involved partners are committed to make the interventions in
front-runner citieFR) cases for successful NBS and prepare rodpigtationroadmaps in
fellow cities (FE)that also have NBS experience and expertise to offer. The-térng
sustainability of actions is ensured in FR and FE by initiating urban innovation partnerships
that will use SMART city principles to engagedersis, establish new governance procedures,
generate innovative financing and investment strategies.

This project will involve local monitoring teams that will use a variety of tools, such as sensors
and citizen science, to keep track of the changes inattea. Also, he project uses nature
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based interventions to make cities more inclusive, and local citizens are the ultimate experts
of their neighbourhoods, so their integration is essential to ensure real transformative action
takes place in the cities through the collaborative developmdrdatutions that respond to
OAGAT SyaQ yaSretiRarkdof lock M@rgadekhmental organisations, research
organisations, local citgovernments and SMEsesident§heighbourhood associations and
budding local entrepreneurs will be empowered to malke naturebased interventions their

own: whether they be community gardens, green roofs or improved storm water drainage.
With citizens playing such an essential role in this development, it is more likely they will
identify with the changes taking pladeel a sense of ownership and make use of the renewed
urban spaces

Of special interest for MICS a@LEVER Citledeliverable 1.1.4 on key concepts and
associated indicators to measure NBS impact on urban regeneration

[http://clevercities.eu/fileadmin/user upload/Resources/D1.1 Theme 4 impact indicators
ECOLOGIC 12.2018]pdf

and/ [ 9+ 9w /varabkeSloQtheRdriitdring and evaluation framework

[http://clevercities.eu/fileadmin/user upload/Resources/181130 D.4.1 Monitoriagame
work TEC.docx.pHf

Examples of impact indicatorsan be found inTable3 - Table6. Ths information was
extracted from/ [ 9 + 9 w deliv&rédble Snair@pact indicators.
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Table3. First and second priority indicators for human health and elhg(extracted from

/9%

9 w delivaréble Srﬁn@actindicators

. W sca Ie{s"
measurement

Potential
sources

-

annual mortality health statistics UnalLab
rate per 100 000 from death ECLIPSE,
Overall mortality population certificates, TAPAS
published by Health2020,
statistical offices SDG3
Hd2 ., Ci life expectancy at official statistics of UnalLab
St in birth the cities ECLIPSE
espan
Hd3 City annual mortality health statistics URBAN,
rate — total CVD from GreenUP
Cardiovascular annual morbidity hcspitalsfdoclors, UnalLab,
disease (CVD) rate — total CVD per published by EKLIPSE
100 000 population  statistical offices PASTA
(39), SDG3,
PHENOTYPE
Hd4 City Proportion (%) of health statistics UNalab,
obese people — from EKLIPSE
Obesity EMI hospitals/doctors, PASTA,
over 30kg/m2 published by PHENOTYPE
statistical offices
Hd5 City health statistics SDG3T.3.441
mortality rate from (40)
Diabetes Type 2 attributed to hospitals/doctors,
diabetes type 2 published by
statistical offices
Hd5 City mortality rate health statistics Health2020,
Chronic attributed to chronic  from SDG3
respiratory respiratory disease  hospitals/doctors,
diseases published by
statistical offices
Hd6 City Proportion (%) of health statistics URBAN
people suffering from GreenUP
Allergies (pollen) from allergies per hospitals/doctors, UMalab
gies (po 100,000 published by EKLIPSE (41)
inhabitants, by statistical offices
age/sex
Hd7 City major depressive health statistics Health2020,
disorder from SDG3
mortality rates from  hospitals/doctors,
Depression suicide and published by
intentional self- statistical offices
harm per 100 000
population
Hd& City/ Motor vehicle official statistics Health2020,
Traffic injuries neighbour-  accidents from departments SDG3
hood for transport
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Hd9

H1

Hz

H3

H5

HE

Weather-related

mortality
Self-reported
general health
status

Cwerall life
satisfaction/ well-
being
Self-reported
mental health
status

Medication use

Satisfaction  with
community/neigh-
bourhood/NBS

Mumber / share of

people being
physically active

City

Regional to

site

City
neighbour-
hood /site

City
neighbour-
hood /site

City
neighbour-
hood /site

Neighbour-
hood / site

City
neighbour-
hood /site

!

!

!

!

mortality rate -

heat-related causes

(summer, age 65-
75)

Proportion (%) of

people feeling

1. ‘good’ and
‘very good' in
the past 12
months

2. ‘bad and ‘very

bad' in the past

12 months

Percentage of
people reporting
overall life
satisfaction
ratings, on a scale
from 0 to 10, by
socio-economic
class

Percentage of
people reporting
mental well-being
on the scale from 0
to 5

Percentage of
people reporting
medication use
(hypertension,
diabetes, pollen
allergies,
sedatives...)

Percentage of

people fairly or very

satisfied with

community/neighbo

urhood/NBS
with places they

like and places they

avoid

Proportion (%) of
people being
physically active
(min. 150 minutes
per week)
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mortality statistics
from death
certificates
published by
statistical offices

Census data
and dedicated
study/survey,
questionnaires3

Existing survey
data or dedicated
study based on
qualitative
interviews or
questionnaire
survey

existing survey
data or dedicated
study with
interviews or
questionnaire
survey

Dedicated study
questionnaire
survey or data
from health
insurance

Dedicated study -
questionnaire
survey and
PPGIS (place-
based survey —
mapping places)

Dedicated study
with wearable
sensors and app,
qualitative
interviews or
questionnaire

UNalLab, (42)

GREEN-
LULUS
PHENOTYPE
UNalLab
BlueHealth
(43,44)

IWUN (45),
(48)

(46)

WHO 5 Well-
being Index,
GREEN-
LULUS
UNalLab
EKLIPSE (47)
PHENOTYPE

NAKO, (48)

(46)

UNalab
EKLIPSE

+ WHO
recommend-
dation



o O

2N

survey (or existing
scientific studies)

H7 Site Proportion (%) of Dedicated study URBAN
Walki d people using NBS with on-site GreenUP
- a“r:n_q an for walking, cycling  counting,
iny’{: a%d around outdoor activities smartphone app,
areas of {gardening) qualitative
interventions |nterv!ews or
questionnaire
survey
H8 Site Proportion (%) of Dedicated study (20)
people using green  guestionnaire
Shlare of people by. age; gender, survey, SOPARC:
Ei'gﬂ;ilmen spa{:]er ethnic or cultural System for
infnnnaﬁr ) group; socio- Observing Play
Y economic status and Recreation in
Communities
H9 Site Proportion (%) of Dedicated study (46)
people visiting questionnaire
Fraquency of green space: survey

1. three or more
times a week

2. less than once a
month

green space use

Table4. First and second priority indicators for sustainable economic prospg@yacted

FNRY /[9+9w /AGASEAQ RSf)\@SNJ-@fS 2y AYLI OG0 Ay
Unit Potential data
outcomes into City Number of Public URBAN
employmenl {un)employed employment GreenUP
people agency KPls (8)
P2 Green jobs related to  Regional to  Number of Public URBAN
NBS (gardening, site employees or full- employment GreenUP
maintenance) time equivalent jobs agency, public KPls [
administration in EKLIPSE
charge of green  framework
spaces, if site (61)
specific: survey
or qualitative
interviews
P3 Investment Neighbour-  Amount of inward city (59)
hood to site  investment in administration

property and data, business

business in project  reports, data

area provided by real
estate
companies/
agents
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P4

P8

Local tax revenue City to
Neighbour-
hood

Commercial and Regional to

domestic property site

prices

Mumber of jobs MNeighbour-
hood to site

Local employment Neighbour-
hood to site

Mumber of City to site

businesses and their

business rates

Increase in Council
Tax/Business Rate
revenue in project
area

Property prices/
rent prices,
characteristics of
the neighbourhood/
community,
environmental
characteristics

full-time equivalent
jobs in project area

Number of jobs
taken by residents
in project area

Revenue from
businesses in the
NBS intervention
areas, number of
new
shops/businesses
opening in the
environment of the
NBS
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Tax revenues
published by
statistical offices

(open source)
geographical
data, data
provided by real
estate agents/
companies, city
administration
(the latter also
for socio-
economic data)

Public
employment
agency, if site
specific: survey
or qualitative
interviews
Public
employment
agency

Data from
Opening
Licences
Department,
companies
business
reports,
economic data
published by
statistical offices
, if site specific:
Qualitative
interviews or
survey

(59)

Urban
GreenUP
KPIs/
EKLIPSE
framework
(8,59,62-64)

(59)

(59)

URBAN
GreenUP
KPIs/
EKLIPSE
framework
(59)



P9

P10

P11

(Storm jwater MNeighbour-
management costs hood to city
Energy costs for Site

heating/cooling

Numbers of wvisitors City to Site
from outside town/city
to intervention area

Expenses for
stormwater
treatment facilities
and erosion control
measures,
expenses of
property owners to
protect their
property,
predictions of
flooding
occurrences and
their levels,
potential impacts
on property,
infrastructure
temperature
differences
(interior/exterior) or
incoming and
reflected radiation
data, electricity
prices

Number of visitors
pre and post NBS
intervention
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Meteorological
service, public
administration/
public utilities,
insurance
companies

Dedicated study
with technical
measurement
equipment
needed for
temperature
differences,
radiation data,
Stock market for
electricity
Tourism data
published by
statistical
offices, survey
(if site specific)

NAIAD
(85)

URBAN
GreenUP
KPls
(53,66)

(59)



Tal;\leS. First and second priority indicators for social cohesion endironmental justice
(SEGNY OGSR FNRBY /[9+9w [/ )\i'J)\)S'Q RSt AGSNIotS 2\

measurement sources

Availability of Regional / Availability of (public) Geospatial EKLIPSE
parks andfor city { green space within data, census framework (69),
ecosystem neighbour-  300m walking. data, surveys RECREATE
services with hood segregated by case study (77),
respect to specific household (79)
individual or socioeconomic
household characteristics (e.g.
socioeconomic income, degree of
profiles education, ethnic
background/nationalit
y. age)
SJ2 Changes in MNeighbour- Number of tenancy Data from GRABS project
tenancy tumover hood changes in a given citizen address in RECREATE
rate in the site area within a given registration (77)
area timeframe
SJ3 Population density City { Number of people Official
neighbourh  per area (Population  statistics of the
cod (N)sqg km) city
SJ4 Children from 0- City /' Proportion of children Official
18 yrs neighbourh  (0-18 yrs) in the statistics of the
ood overall population, in  city
%
SJ5 Adults from 18-64 City { Proportion of adults Official
yrs neighbor- (18-65 yrs) statistics of the
hood population, in % city
SJ6 Adults from 65+ City { Proportion of elderly  Official
yrs neighbor- {65+ yrs) population,  statistics of the
hood in % city
SJ7 Population  with City {  Proportion of Official
higher education neighbor- population with more  statistics of the
level hood than 13 years of city
education
(Hochschulabschluss
in Germany), in %
SJ8 Long term City ! Proportion of Employment
unemployment neighbor- economically active  agency or
hood population (15-65yrs) ministry of
social affairs
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549

SJ10

SJ11

5412

Proportion of
population
receiving  social
benefits

Level of political

participation

Distance travelled
to wurban green

space

Access/barriers to

green spaces

City
neighbor-
hood

City
neighbor-
hood

Meighbour-
hood / site

Neighbour-
hood / site

!

!

unemployed over 12
months, in %

Proportion of
population that
receive social
benefits, in %

Voter turnout rate,
number of individuals
and organisations
participating in
political
organisations and
actions, offline
engagement actions,
and/or online
engagement (online
consultation, social
media, etc.)

shortest network
distance / perceived
distance

Proportion (%) of
people perceiving

1. good access

2. barriers

to green space/ NBS
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Employment
agency or
ministry of
social affairs
Voting
statistics,
counting
participants in
events or
online
engagement,
dedicated
study (survey,
Interviews,

2N

EKLIPSE
framework (69),
URBAN
GreenUP KPls
(82), see
GREENSURGE
methodologies
(83)

and Participant

Observation)

dedicated
study

dedicated
study



Table6. First and second priority indicators for citizen secu@yE G NI OG SR FNRY /[ 9
deliverable on impact indicatons
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