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Background

» Increasing number of cities, increasing population (in Europe around 75%, globally almost
55%) =2 2% of total land, but 70% of GDP and global waste, 60% of global energy consumption

> ,Cities are where the battle for sustainable development will be won or lost.“ (UN Habitat, HLP 2013)

» Trends in biodiversity and ecosystem services in urban areas (see the most recent policy
documents, such as e.g. the Quito Declaration on the New Urban Agenda)

» The City Biodiversity Index (CBI, or Singapore Index on Cities’ Biodiversity) was proposed
during CBD’s COP-10in 2008

» a self-assessment tool to evaluate the state of biodiversity in cities and to provide insights for
improving conservation efforts

> Composed of 2 parts: city profile and indicators
° Indicators part separated in 3 core components with in total 23 indicators (10-4-9)
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Background

E INDEX ON CITIES' BIODIVERSITY

PART | - Profile of the City

PART || - Indicators

Location and size (geographical coordinates (latitudes and longi ); climate |t or tropical); rainfall/precipitation (range
and average); including maps or satellite images where city boundaries are clearly defined)

Physical features of the city (geography, altitude, area of impermeable surfaces, information on brownfield sites, stc.)

Demecgraphics (induding total population and population density; the population of the region could also be included if appropriate,
and for the purpose of placing it in the regional context)

Economic parameters (Gross Domestic Product (GDP), Gross Nationzl Product (GNP, per capita income, key economic activities,
drivers and pressures on biodiversity)

Biodiversity features [ecosystems within the city, species within the city, quantitative data on populations of key species of local
impaortance, relevant qualitative biodiversity data)

Administration of biodiversity [relevant information includes agencies and dep r ible for biodi ity; how natural areas
are protected (through national parks, nature reserves, forest reserves, secured areas, parks, etc.)

Links to relevant websites including the city's website, environmental or biodiversity themed websites, websites of agencies
responsible for managing biodiversity

Core Maximum
Com; ponem_. Score

1 Proportion of Natural Areas in the City 4 points
Mvu'srty 2.  Connectivity Measures 4 points
in the City 3. Mative Biodiversity in Built Up Areas (Bird Species) 4 points
4. Change in Number of Wascular Plant Species 4 points
5. Change in Number of Bird Species 4 points
6. Change in Number of Butterfiy Species 4 points
7. Change in Number of Species (any other taxonomic group selected by the city) 4 points
8.  Change in Number of Species (any other taxenomic group selected by the city) 4 points
9 Proportion of Protected Natural Areas 4 points
10. Proportion of Invasive Alien Species 4 points
11. gulation of Quantity of Water 4 points
Services 12. Climate Regulation: Carbon 5torage and Cooling Effect of Vegetation 4 points
provided by 13. Recreation and Education: Area of Parks with Natural Areas 4 points

Biodiversity 14. Recreation and Education: Number of Formal Education Visits per Child Below 16 Years to Parks 4 points
with Matural Areas per Year

Governance 15. Budget Allocated to Biodiversity 4 points
and 16. of Biodiversity Projects Impl by the City A Ity 4 points
Management 17 Existence of Local Biodiversity Strategy and Actien Plan 4 points
of 18. Institutional Capacity: Number of Biodi ity Functions 4 points

Biodiversity 15. Institutional Capacity: Number of City or Local Government Agencies Invelved in Inter-agency Co- 4 points
operation Pertaining to Biodiversity Matters
20. Participation and Partnership: Existence of Formal or Informal Public Consultation Process 4 points
21. Participation and Partnership: Number of Agencies/Private Companies/NGOs/Academic 4 points
Institutions/International Organisations with which the City is Partnering in Biodiversity Activities,
Projects and Frogrammes

22. Education and Aw o Is Biodiversity or Mature A Included in the School Curriculum 4 points
23. Education and Awareness: Number of Outreach or Public Awareness Events Held in the City per 4 points
Year

MNative Biodiversity in the City (Sub-total for indicators 1-10) 40 points

Services provided by Biodiversity [Sub-total for indicators 11-14) 16 points
Governance and Management of Biodiversity [Sub-total for indicators 15-23) 36 points




Project objectives

EOA4CBI project provides support for 4 selected CBI indicators, making use of satellite
imagery (SPOT-5, SPOT-5 Take 5, RapidEye in phase 1, Sentinel-2 in phase 2):

» Indicator 1 — Proportion of Natural Areas in the City = (Total area of natural, restored and
naturalised areas) / (Total area of city) x 100%

» Indicator 2 — Connectivity Measures or Ecological Networks to Counter Fragmentation

lndicatorzzAL(Af +A; +A; +---+A§)

total

» Indicator 11 — Proportion of permeable areas = (Total permeable area) / (Total terrestrial area of
the city) x 100%

» Indicator 12 — Extent of tree canopy cover = (Tree canopy cover) / (Total terrestrial area of the
city) x 100%
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,assess the potential of EO data to support the production of certain CBIl indicators”




Study Areas

Stockhol;m

Tallinn

.JEdmonton
:Jand

Luxembourg

Lisbon Barcelona
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Addis Ababa

Buenos
Aires

Hamilton
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Indicator 1: Proportion of natural areas




Indicator 1: Proportion of natural areas

» Major challenges:
> which land cover elements are , natural“?

> how can they be mapped based on satellite images (land cover vs. land use or
greenness vs. naturalness)?

> achieving comparability? Required at all?

» Suggestion to create the most precise baseline possible (at high costs and where
possible) and use EO data for (cheap) regular monitoring (or backdating)

» Problem: CBI scoring system 0 points: < 1.0%
1 point: 1.0% —6.9%

2 points: 7.0% — 13.9%
3 points: 14.0% — 20.0%
4 points: > 20.0%
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Indicator 2: Connectivity

Ecological Indicators xxx (2017) xxx-xxx

i
Contents lists available at ScienceDirect | RBSE

» measures the degree of connectivity of natural areas
within cities

Ecological Indicators

joumal homepage: www elsevier.com

ELSEVIER

Original article

Implementing the connectivity of natural areas in cities as an indicator in the city
biodiversity index (CBI)

Megan R. Deslauriers. Adrienne Asgary. Naghmeh Nazarnia, Jochen A.G. Jaeger

» Connectivity is defined as “the degree to which the
landscape facilitates or impedes movement among » ‘
resources” and it can be “measured by the e

Received in revised form 15 February tivity of natural areas in cities. We propose an improved and straightforward method for measuring connectivity based on

2017 i i u i oG 3 " S 7
‘Accepted 18 February 2017 the effective mesh size metric to replace the previous method used in the CBI. The previous version did not account for

oo .
Available online xxx intra-patch (within-pateh) connectivity nor for major barriers. Our evaluation of the new version of Indicator 2 through
r O a I I O I I l O V e I I l e n e W e e I I a O I I I S O r its application to Montréal and Lisbon confirmed its reliability. In Montréal, natural areas have a total connectivity value
of 581.7 ha, the majority of which exists between, rather than within, patches of natural area. Smaller patches (<15 ha)

Concordia University Montréal Department of Geography, Plawning and Environment 1455 de Maisonnewe Blvd. West, Suite HI255 Montréal, Québec, H3G IMS, Canada

t

g:::z;’é"‘ contribute significantly to overall connectivity, which may have implications for future conservation efforts. In Lisbon,

. . sl ity (342 ha) is ithin patches. We also applied the new Indicator 2 to a case study in southwestem

” st Montréal, where  grenvay netvork “grecn infastnuctre”) s been proposed by  localcommuriy oranizaon. We

resource patches in a landscape” (effective mes ol e R
Gireen infrastructure and the effect that residential development would have. Not only would lhls development chmmme the gulf course’s

Landscape fragmentation current contribution to connectivity, but also its much greater potential contribution to connectivity in future scenarios.

Landscape metics Restoring and establishing additional natural areas would significantly increase connectivity in the network. Our results

. Planning scenarios demonstrate that the new version of Indicator 2 is a suitable and improved method in the CBI. It is equally useful for iden-
Singapare index ifying options 10 increase the connectvity of natural arcas within cities in the future and for determining the impacts of
Urban ecology itk methods for quanti ivity exist and may also be included
Urban biodiversity

wildlife corridars in Part I of lhu (BI Howcvcr. thcy are o(\cn cha.llmgmg to use and |h|s 1r¢quuulv dlsu)umgc: city planners from in-
cluding any indicator of in metric presented here overcomes
this problem through its practicality in a wide range of planning sn-ucmrewh-le still generating meaningful results which
may then inspire city planners to move towards using more advanced methods of measuring connectivity. We dedicate
this paper to the memory of Bernice Goldsmith (1934-2014).

environmen

© 2016 Published by Elsevier Ltd.

» Input data

1. Monitoring biodiversity in cities Singapore and the Secretariat of the CBD in collaboration with the
Global Partnership on Cities and Biodiversity from 2009 to 2011

Urban wildlife populations are negatively affected by habitat frag- (Chan et al., 2014). Thc Index is comprised of 23 indicators (Table

space 4

. mentation, which limits access to resources and mating partners. This 1), characterized as “native biodiversity in the city; services
@] n I C a t O r may result in the loss of genetic diversity and in higher rates of ex- provided by native biodi 3 and g and of
tinction, in particular among groups of species with highly special- native biodiversity™ (Chan et al 2014 p- 4). Few studies have ana-

> Barriers and Connectors

ized habitat requirements (Brook et al., 2003; Di Giulio et al., 2009;
Taylor et al., 1993; Tischendorf and Fahrig, 2000). The City Biodi-
versity Index (CBI), or Singapore Index on Cities™ Biodiversity, was
developed as a tool to evaluate and monitor the state of biodiversity
in cities and to provide insights for improving conservation efforts.
It was proposed by the Minister of National Development in Singa-
pore, Mr. Mah Bow Tan, at the 9th Meeting of the Conference of the
Parties (COP-9) to the Convention on Biological Diversity (CBD) in
May 2008. The CBI was established by the National Parks Board of

Corresponding author.
Email address: jochen jaeger@concordia.ca (J.A.G. Jaeger)

http:/dx.doi.org/ 10.1016/j.ccolind 2017.02.028
1470-160/© 2016 Published by Elsevier Ltd.

lyzed the CBI and its implementation in urban areas. However, exist-
ing research focusing on the application of CBI indicators accounts for
both biological and social factors, including the development of part-
nerships between academics and policy makers, which are important
for promoting conservation efforts (Kohsaka, 2010; Kohsaka et al.,
2013; Kohsaka and Okumura, 20 14). We focus on Indicator 2, which
measures the connectivity of natural areas in cities.

L1. Connectivity

Connectivity is defined as “the degree to which the landscape fa-
cilitates or impedes movement among resource patches™ and it can be
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Indicator 2: Connectivity

19/05/2017

Natural areas, fragmentation geometry and connectors
(Luxembourg-South Region)

Roads (barriers)
- Buildings (barriers)
- Natural areas (using sentinel 2 images)

| Connectors

0 2.5 5

Connectivit Without barriers
) . v With barriers/ With barriers/ ) / Without barriel
Analysis (Indicator . . Without .
Without connectors With connectors With connecto
2 of CBI) connectors
entire
Luxembourg-South Scenario 1 Scenario 2 Scenario 3 Scenario 4
region
Total Connectivity Option A: 364.80 Option A: 365.01
. ’ 807.89 1099.03
(ha) Option B: 368.64 Option B: 368.85
Intra/Within-Patch Option A: 340.04 Option A: 340.04
. . . 688.55 688.55
Connectivity (ha) Option B: 343.62 Option B: 343.62
Inter/Between- . )
. Option A: 24.76 Option A: 24.97
Patch Connectivity . . 119.34 410.48
Option B: 25.02 Option B: 25.23
(ha)
Total area of Option A: 5314.35 Option A: 5314.35
5314.35 5314.35

Natural Areas (ha)

Option B: 5259.02

Option B: 5259.02




Indicator 11: Proportion of permeable areas
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Indicator 11: Proportion of permeable areas

» CBl User Manual: indicator as proxy for the regulation of water quantities
° Increased variability of precipitation because of climate change

> Reduction of surface water flow/run-off by sufficient vegetation cover - all vegetation,
not only ,natural” vegetation

» Production directly from the satellite image (here: S-2, reference year 2016, 3
acquisitions (May, August, September)) by computing the degrees of
imperviousness and derive the inverse value for the share of permeable areas
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» Issue: threshold above which a pixel is sealed/impervious or unsealed/permeable
- majority rule, i.e. <50% degree of imperviousness = permeable
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Indicator 12: Tree canopy cover
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Indicator 12: Tree canopy cover

» CBl User Manual: indicator as proxy for two important aspects of climate
regulation, i.e. carbon storage and cooling effects

— we consider a 2-D tree canopy cover as insufficient proxy for measuring carbon
sequestration and storage

- indirect measure of cooling effect

» Production directly from the satellite image using Boosted Regression Trees
indices (similar to indicator 11)

» Issue: threshold above which a pixel is considered to be sufficiently covered
— majority rule, i.e. >50% tree cover

N\
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» Second issue: spatial resolution of EO data sufficient for capturing single trees?
Probably not ...

19/05/2017 14




:
G- @iy ., - |validation code points
R R . s P O N 0. 4| (commission) 9
Y. g RN correct points
Validation/quality control At _
; . | (commission) 100

. . . . . N S | incorrect points
» Random point sampling approach for indicators 1, 11 8
d . !
M P o ; | (omission) 92
.. . . . . so All valid point

> Error of commission by locating points inside the product i 100

layer . A Al valid points (total) 200

. : 91.5

> Error of omission partly stratified sampling based on e o |
occurrence probability using other data sources (e.g., ‘ +/-2.0%

o 8.5

Urban Atlas or HRL IMP for validating the share of natural e

areas) —

» Provision of accuracy statistics, such as overall
accuracy, errors of commision and omission,
uncertainty, and mean absolute error

» Scientifically and statistically meaningful proof-of-
concept results Indicator 2: visual inspection of
features, application of control conditions (comparison
of the four scenarios) and scientific peer-review of
papers describing and implementing the method
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Validation/quality control

Indicator 1 Indicator 11 Indicator 12

Overall Error of Error of Overall Error of Error of Owerall Error of Error of

accuracy |comuission | omission | accuracy |commission| omission | accuracy |commission| omission
Barcelona (SPOT-5)* 03.8 Ad 8.0 8g.5 16.8 4.3 Q0.2 11.2 8.4
Edmonton 86.2 9.5 8.2 96.3 4.3 2.0 919 1.9 45
Tallinn 89.8 1.2 9.2 90.6 2.3 15.8 g0.3 6.6 12.8
Addis Ababa 95.0 5.0 5.0 88.0 12.0 12.0 g6.0 6.0 2.0
Barcelona (S-2) 84.5 25.0 6.0 90.9 1.2 17.2 04.5 8.0 2.0
Buenos Aires 90.5 17.0 2.0 88.0 17.0 7.0 69.5 58.0 2.0
Hamilton 82.0 15.0 21.0 86.0 17.0 1.0 84.0 26.0 6.0
Lisbon 97.6 4.8 0.0 93.0 6.0 8.0 04.0 9.0 2.0
Luxembourg 915 9.0 8.0 85.0 2.0 27.0 94.0 8.0 4.0
Portland 95.0 8.0 2.0 96.5 2.0 4.0 87.0 7.0 19.0
Stockholm 92.0 7.0 9.0 88.0 13.0 1.0 84.0 12.0 19.0
SUM gg97.8 115.9 88.4 9918 106.6 120.3 975.4 164.7 8a.7
Average 90.7 10.5 8.0 90.2 9.7 10.9 88.7 15.0 7.7

19/05/2017

Quality statistics of indicators 1, 11 and 12

15.0
10.9
10-5 8.0 9.7 . 7.7
Overall Error of Error of Overall Error of Error of Overall Error of Error of

accuracy commission omission | accuracy commission omission | accuracy commission omission

Indicator 1 Indicator 11 Indicator 12




User perception

Total points of the indicators Total points of the quality criteria
100 95 110
95 91 100
100
90 87 97
83
85 90 27
20
75 20 77
70
65 70
60 60
55
50 50

Indicator 1 Indicator 2 Indicator 11 Indicator 12 Thematic quality Spatial resolution  Temporal resolution Spatial coverage

ind. 1)
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‘;é » Local baseline + annual or bi-annual monitoring using Sentinel-2
Q
)

>>Good approach, although oftentimes better (but expensive) local data exist (i.p. for

(

» Improve and clarify definitions
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Discussion: SWOT analysis

» Strengths » Weaknesses
> Free, comparable, wide-area, uniform and > S-2 spatial image resolution at the edge for urban
continuous EO data (S-2) applications
> EO time series > Vague definition of indicators
- > Fast, harmonised, cost-efficient method > |dentification of natural areas not always identical
- > IND2 is an intensive metric so comparison can with the cities’ definitions
g be made between regions of differing sizes > No fully automated processing chain
C
g » Opportunity » Threats
é > Being prepared to support other cities and > Too inaccurate to serve local needs?
D projectls thjttge%g:/ith ur?an”biodiversity in > Low visibility and uptake
eneral and the specifica
1’> i/l tort P Y > Each city is different (= automation)
> Monitorin
O & o > Is the use of EO too difficult for some cities?
% > Increase awareness about biodiversity
Q
n
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