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1 BACKGROUND OF THE DOCUMENT 
 
1.1 PROJECT DESCRIPTION 

For the first time in history, there are now more people living in cities than in rural areas; cities are 

becoming larger, and the number of cities will continue to increase. However, capturing the status and 

trends of biodiversity and ecosystem services in urban landscapes represents an important part of 

understanding whether a metropolitan area is developing along a sustainable trajectory or not.  

The World Summit on Sustainable Development in 2002 assigned to the Convention on Biological 

Diversity (CBD) a target for 2010 of significantly reducing the rate of biodiversity loss. Since this target 

has been collectively missed, the new Aichi biodiversity targets aim to improve the status of biodiversity 

and to reduce the pressures on biodiversity by 2020.  

The City Biodiversity Index (CBI) was developed as a tool to evaluate the state of biodiversity in cities 

and to provide insights for improving conservation efforts (CBD, 2010). In the framework of the project, 

it is foreseen to contribute to capturing and evaluating the state of biodiversity in cities, thereby 

responding to internationally defined biodiversity targets (such as the Aichi biodiversity targets set by 

the Convention on Biological Diversity, CBD). It consists of 23 indicators designed to help cities 

monitoring their progress in implementing conservation efforts and their success in halting the loss of 

biodiversity as formulated in the Aichi targets. 

In preparing the project, it was recognised that many cities stated not to have sufficient data, personnel 

and GIS skills to deal with and assess some of the indicators (Kohsaka et al., 2013). To overcome this 

situation, the project provides support for four indicators linked to spatial data and GIS: 

 Indicator 1 “Proportion of natural areas in city”; 

 Indicator 2 “Connectivity measures or ecological networks to counter fragmentation”; 

 Indicator 11 “Regulation of quantity of water”; and 

 Indicator 12 “Climate regulation: carbon storage and cooling effect of vegetation”. 

 

The project partners use satellite-based data and combine them with appropriate in-situ and ancillary 

data to produce those indicators. They are designed in a way to be directly usable by cities to assess their 

performance regarding their biodiversity targets. More background information on the CBI and its 

structure is provided in the project deliverable D1.1 – Requirements Baseline. 

In the past years, some cities have implemented and tested the CBI, but their number is still too low to 

be statistically representative. Consequently, there exists a clear need to raise awareness across cities 

world-wide about the short- and long-term benefits of the CBI which will also increase their readiness 

for using the indicators. We aim to improve this understanding by actively involving ICLEI Europe and 

the ICLEI City Biodiversity Centre, located in Cape Town, South Africa, as end user organisation who 

as umbrella organisations of a global city network run programmes on biodiversity and ecosystem 

services for their member cities. ICLEI was deeply involved in the development of the CBI and is very 

willing to support the uptake of the CBI by cities across the globe. 
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In terms of practical application, the most important challenges of the CBI are (i) the lack of data; (ii) 

the scale, boundaries, and definitions; (iii) the scoring that needs to capture the vast bio-geographical 

differences among cities; and (iv) the limited number and scope of ecosystem services. We will set out 

to improve the situation regarding the challenges (i) and (ii) by producing the four above mentioned 

indicators based on satellite imagery which will, at least partly, overcome the data gaps as well as scale 

issues. But also boundaries and definitions will be addressed.  

 

1.2 DOCUMENT CONTENT 

While this chapter 0 provides a short project description and lists the document content as well as 

applicable input and output documents, chapter 2 presents the basic characteristics of the CBI 

indicators that are the major subject of this project in tabular format.  

Chapter 3 provides detailed descriptions of each product, their specifications, production approaches 

together with a justification of each selected method. The subsequent chapter 4 presents the proof-of-

concept results for the three phase 1 pilot cities Barcelona, Tallinn and Edmonton. 

Then, chapter 5 gives the updated data procurement plan, before chapter 0 provides conclusions of the 

prototyping phase together with a critical analysis of the elements and recommendations for possible 

improvements or adaptations. 

Finally, chapter 7 gives all references used in the report. 

 

1.3 RELATED DOCUMENTS 

1.3.1 INPUT 

Document ID Descriptor 
DUE_InnovatorIII_EO4CBI_Offer_I1.pdf Technical offer, dated 26/08/2014 
Clarification_CBI_ESA.docx Reply to RfC, dated 26/01/2015 
EO4CBI_Negotiation_MOM_I1.0.docx MOM negotiation meeting, 02/02/2015 
EO4CBI_D1.1_RB_I1.0.docx Requirements Baseline, 30/09/2015 
  
  

 

1.3.2 OUTPUT 

Document ID Descriptor 

EO4CBI_D1.2_TS_I1.0.docx Technical Specifications, 01/04/2016 
EO4CBI_Deliverables_Data Data and product delivery, 01/04/2016 
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2 THE SELECTED CBI INDICATORS  

For the current assessment we have focussed on a selection of four indicators which have been identified 

by the early implementers of the CBI (see the short project description in chapter 1.1) as particularly 

difficult, due to a) lack of skills, b) lack of personnel and c) lack of data.   

The information of the following paragraphs is taken from the User’s Manual of the Singapore Index on 

Cities’ Biodiversity1, indicators are presented in separate tables concerning the rationale behind, as well 

as the variables and calculation required. More detailed information, also on thresholds and scoring, 

can be found in the project deliverable D1.1 – Requirements Baseline; this document also contains the 

exact definitions of “natural areas” for each of the cities.  

 

Indicator 1 – Proportion of Natural Areas in the City 

Rationale for selection of indicator 1 

Natural ecosystems are defined as all areas that are natural and not highly disturbed or completely 

man-made landscapes. Some examples of natural ecosystems are forests, mangroves, freshwater 

swamps, natural grasslands, streams, lakes, etc. Parks, golf courses, roadside plantings are not 

considered as natural. However, natural ecosystems within parks where native species are dominant 

can be included in the computation. The definition may also take into consideration “restored 

ecosystems” and “naturalised areas” in order to recognise efforts made by cities to increase the 

natural areas of their city. Restoration helps increase natural areas in the city and cities are 

encouraged to restore their impacted ecosystems. 

Variables and calculation 

How to calculate the indicator?  

(Total area of natural, restored and naturalized areas) / (Total area of city) × 100% 

Sources of data on natural areas include government agencies in charge of biodiversity, city 

municipalities, urban planning agencies, biodiversity centres, nature groups, universities, 

publications, etc. Google maps and satellite images can also provide relevant information for 

calculating this indicator 

 

Indicator 2 – Connectivity Measures or Ecological Networks to Counter 

Fragmentation 

Rationale for selection of indicator 2 

Fragmentation of natural areas is one of the main threats to the sustainability of biodiversity in a city. 

                                                             
1 https://www.cbd.int/doc/meetings/city/subws-2014-01/other/subws-2014-01-singapore-index-manual-en.pdf 
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It is an indicator to chart possible future trends. Some of the ways to measure fragmentation include 

mean patch size or distance between patches or effective mesh size etc. This indicator score can be 

improved when more of the fragments are connected. Indicator 2 measures the degree of connectivity 

of natural areas within cities. Connectivity is defined as “the degree to which the landscape facilitates 

or impedes movement among resources” and it can be “measured by the probability of movement 

between all points or resource patches in a landscape” (Taylor et al., 1993). 

Variables and calculation 

How to calculate indicator? 

( )22

3

2

2

2

1

total

...
1

2 nAAAA
A

IND ++++=

 , 

where n is the total number of groups of connected natural areas (counting those that are connected 

to each other only once), A1 to An represent the sizes of these groups of natural areas, and Atotal is the 

total area of all natural areas together. This measure of connectivity is called “effective mesh size” 

(EMS); the source data are satellite images as well as ancillary data.  

 

Indicator 11 – Regulation of Quantity of Water: Proportion of 

permeable areas 

Rationale for selection of indicator 11 

Climate change is in many places predicted to result in increased variability in precipitation which in 

urban landscapes may translate into high peaks in water flow and damage to construction, business 

and transport. Vegetation has a significant effect in reducing the rate of flow of water through the 

urban landscape, e.g. through presence of forest, parks, lawns, roadside greenery, streams, rivers, 

waterbodies, etc. 

Variables and calculation 

How to calculate the indicator? 

Proportion of all permeable areas (including areas identified in indicator 1 plus other parks, roadside, 

etc. but excluding artificial permeable surfaces, if applicable) to total terrestrial area of city (excluding 

marine areas under the city’s jurisdiction). 

(Total permeable area) / (Total terrestrial area of the city) × 100% 

Data sources include government environmental agencies, city municipalities, urban planning, water 

and land agencies, satellite images, etc. 
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Indicator 12 – Climate Regulation: Carbon Storage and Cooling Effect 

of vegetation: Extent of tree canopy cover 

Rationale for selection of indicator 12 

Carbon storage and cooling effects provided by vegetation, in particular tree canopy cover are two 

important aspects of climate regulation services. Climate regulation services are affected by the size 

of trees, the different characteristics of tree species and other variables. 

Plants capture carbon dioxide during photosynthesis, hence, capturing carbon that is emitted by 

anthropogenic activities. Canopy cover of trees, which includes those that are naturally occurring and 

planted in a city, is accepted as an indirect measure of the carbon sequestration and storage service. 

The extent of tree canopy cover can also act as a proxy measure for filtering of air and numerous other 

biodiversity benefits. 

This indicator is optional for cities in the desert or arid zones or other ecological zones where 

extensive canopy cover in the city may not be feasible.  

Variables and calculation 

How to calculate the indicator? 

Carbon storage and cooling effect of vegetation 

(Tree canopy cover) / (Total terrestrial area of the city) × 100% 

Data sources include city councils and satellite images 
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3 SERVICE PORTFOLIO AND SERVICE PRODUCTS 

Although the framework for the development and production of the indicators is to a large extent 

defined by the specifications in the CBI User Manual, there still exists some degree of freedom regarding 

the exact definition of the indicators (e.g., the definition of natural areas remains somewhat open). At 

the beginning of the project we have therefore systematically identified specific needs by addressing end 

user cities with a dedicated questionnaire (see deliverable D1.1). The following chapters present the 

entire service and product portfolio tested on for the three committed prototype cities Barcelona 

(Spain), Tallinn (Estonia) and Edmonton (Canada). 

 

3.1 INDICATOR 1 – PROPORTION OF NATURAL AREAS IN THE CITY 

The production of the indicator 1 results in a number of sub-products (which are not part of the final 

data delivery) that lead to the final products/indicator: first, the land cover map from which the natural 

areas are derived, and secondly, the percentage value representing the proportion of natural areas per 

city.  

The following tables summarize the detailed technical specifications of the deliverable products taking 

into account the general as well as the specific user requirements on the one hand, and the feasibility of 

the products given the selected EO input data on the other.  
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3.1.1 SPECIFICATIONS 

 

Table 1: Technical specifications for product 1 of indicator 1 – Land cover maps 

Product Land use/land cover maps 

Content The product consists of land cover/use maps for the cities derived from high 
resolution EO data.  

The service consists of land cover maps for one reference year (2015) derived 
from high resolution EO data. It includes  

- 5 major classes such as Agriculture, Buildings, roads, paved grounds, 
mining areas, Forest, Meadows, grasses and pastures and water.  

- Vegetated and not vegetated areas layer 

- Vegetated areas layer  

- Candidate natural areas levels 1 and 2 layers 

 

Based on the specific requirements, the nomenclature2 includes the following 
classes: 

 

Input data SPOT-5 10m for the entire AOI (Barcelona) 

SPOT-5 (Take-5) 10m for the entire AOI (Tallinn) 

RapidEye 5m for the entire AOI (Edmonton) 

                                                             
2 Further on in the project the nomenclature will be converted into an object-based LCML-compatible 
legend.  
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Methodology See the illustrations of the production approach in Figure 1 to Figure 3 

Temporal 
Requirement 

Recent years (2014, 2015) 

Spatial coverages Barcelona core city, Metropolitan area of Barcelona 

Tallinn core city  

City of Edmonton 

Minimum Mapping 
Unit 

No MMU, minimum mappable area determined by pixel size (10 m for SPOT-
5/Take-5 and 5 m for RapidEye) 

Thematic accuracy 85 % (depending on the quality of EO data and reference data) 

Geometric 
accuracy 

< 1 pixel 

Projection 
Barcelona: 
 
PROJCS["ETRS89 / UTM zone 31N", 
    GEOGCS["ETRS89", 
        DATUM["European_Terrestrial_Reference_System_1989", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            TOWGS84[0,0,0,0,0,0,0], 
            AUTHORITY["EPSG","6258"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.0174532925199433, 
            AUTHORITY["EPSG","9122"]], 
        AUTHORITY["EPSG","4258"]], 
    PROJECTION["Transverse Mercator"], 
    PARAMETER["latitude_of_origin",0], 
    PARAMETER["central_meridian",3], 
    PARAMETER["scale_factor",0.9996], 
    PARAMETER["false_easting",500000], 
    PARAMETER["false_northing",0], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    AXIS["Easting”, EAST], 
    AXIS["Northing”, NORTH], 
    AUTHORITY["EPSG","25831"]] 
 
Tallinn: 
 
PROJCS["Estonian Coordinate System of 1997", 
    GEOGCS["EST97", 
        DATUM["Estonia_1997", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            TOWGS84[0,0,0,0,0,0,0], 
            AUTHORITY["EPSG","6180"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.01745329251994328, 
            AUTHORITY["EPSG","9122"]], 
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        AUTHORITY["EPSG","4180"]], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    PROJECTION["Lambert_Conformal_Conic_2SP"], 
    PARAMETER["standard_parallel_1",59.33333333333334], 
    PARAMETER["standard_parallel_2",58], 
    PARAMETER["latitude_of_origin",57.51755393055556], 
    PARAMETER["central_meridian",24], 
    PARAMETER["false_easting",500000], 
    PARAMETER["false_northing",6375000], 
    AUTHORITY["EPSG","3301"] 
 
Edmonton: 
 
PROJCS["NAD83 / Alberta 3TM ref merid 114 W", 
    GEOGCS["NAD83", 
        DATUM["North_American_Datum_1983", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            AUTHORITY["EPSG","6269"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.01745329251994328, 
            AUTHORITY["EPSG","9122"]], 
        AUTHORITY["EPSG","4269"]], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    PROJECTION["Transverse Mercator"], 
    PARAMETER["latitude_of_origin",0], 
    PARAMETER["central_meridian",-114], 
    PARAMETER["scale_factor",0.9999], 
    PARAMETER["false_easting",0], 
    PARAMETER["false_northing",0], 
    AUTHORITY["EPSG","3776"], 
    AXIS["Easting”, EAST], 
    AXIS["Northing”, NORTH]] 
 

Delivery format 
The final products in digital format are delivered both on-line via FTP & on 
media DVD 

 Geographic data (incl. meta-data in acc. with INSPIRE and ISO 
standards) in standard GIS format: 

o raster data (imagery): .geotiff 

o vector data (land cover data): shape file, (e.g. ArcGIS project) 
and as .kmz/.kml to enable to view the data on Google Earth 

 Maps (land cover/use maps) in high quality ready for printing in 
adequate scale and out-put size (e.g. .tiff, .pdf) 

 Reports, statistics and input material for brochures (images, text etc.): 
in MS Office (word, power point, excel) format and pdf (all annexes 
included into one file) 

Analogue paper versions of the maps will be provided on request of and in 
agreement with the user organisations. 
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Table 2: Technical specifications for Indicator 1 (Product 2) – proportion of natural 
areas  

Service 2: proportion of natural areas 

Service content This product is the share of natural areas in the city calculated as a 
percentage cover of the total area of the city.   

Spatial resolution NA 

Geometric accuracy NA 

Thematic accuracy NA 

Temporal resolution Barcelona: one time step (2014) 

Tallinn: six time steps (from 2015) 

Edmonton: one time step (2015) 

 

3.1.2 PRODUCTION APPROACH 

The details of the workflow followed in the derivation of the indicators for the three prototype cities are 

shown in Figure 1 to Figure 3 below. The major steps are pre-processing, land cover classification and 

extracting the final output.  

 

 

Figure 1: Details of workflow for the derivation of indicators 1, Barcelona 
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Figure 2: Details of workflow for the derivation of indicators 1, Tallinn 
 

 

Figure 3: Details of workflow for the derivation of indicator 1, Edmonton 
 

3.1.3 PRE-PROCESSING  

Prior to processing, the SPOT-5 (Take-5) images were georeferenced and clipped to the Area of Interest 

(AOI). The time-series datasets were stacked for classification using Random Forest in the R software 

(see more detailed description in chapter 3.1.4). The geo-referencing steps in QGIS are shown in Figure 

4 and Figure 5 below. Geo-referencing is the process of assigning real-world coordinates to each pixel 
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of the raster. The SPOT-5 images were georeferenced using QGIS software using orthophoto of 

Barcelona and Tallinn as a reference layer.  

For Edmonton prior to processing, the RapidEye images were checked for the correct projection using 

landmarks on an orthophoto provided by Edmonton City administration. For this task the images used 

are level 3A products and were found to be with good projection and hence additional georeferencing 

was not necessary.  

Sample coordinate points that are clearly visible were selected by clicking both on the SPOT-5 (Take-5) 

image and the orthophoto. Using these sample coordinates or GCPs (Ground Control Points), the image 

is warped and made to fit within the chosen coordinate system. Location of the points were adjusted 

until the desired accuracy (< 1 pixel) was obtained (see Figure 4 and Figure 5).  

 

 

Figure 4: Geo-referencing, Barcelona 
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Figure 5: Geo-referencing, Tallinn 

NB: satellite image pre-processing only takes place once; this means that the same geo-referenced 

images are used for the production of all indicators. Hence, this step is only described here and left out 

in the description of the production approaches for indicators 2, 11 and 12. 

 

3.1.4 LAND COVER CLASSIFICATION 

The land cover classification involves the collection of samples from the underlying satellite images and 

the orthophotos and a subsequent Random Forest (RF) classification. 

 

Class sample collection 

Samples representing the different land cover classes were collected using the SPOT-5 (Take-

5)/RapidEye images and the orthophoto. The reflectance from the various surfaces was used as a 

guideline for selecting the class samples. 
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Figure 6: Identified land cover classes, Barcelona 
 

 
 

Figure 7: Identified land cover classes, Tallinn 
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Figure 8: Identified land cover classes, Edmonton 
 

Sample points were digitized for each of the above land cover classes and were used for supervised 

learning in Random Forest classification approach. At each sample point the pixel values of the layer-

stacked image bands and indices calculated from the time series images were extracted to be used for 

Random Forest classifier.  

 

Random Forest (RF) classification 

To derive the land cover/use classes from the SPOT-5 (Take-5) images, the Random Forest (RF) 

classifier (Breiman 2001) was implemented in R 3.2.2 statistical software package (R Development Core 

Team 2008). RF is a refinement of Bagging Trees and uses an ensemble of tree-like classifiers (Breiman 

1996) similar to Bagging Trees in which bootstrap samples are drawn to construct multiple trees from 

training samples. In the RF methodology a large number of trees (500 to 2,000) are grown with a 

randomized subset of predictors from which the name random forests is derived (Breiman 2001). 

Random Forest classifier searches a random subset of features from the total number of predictors to 

find the best split at each tree node in order to minimize the correlation between classifiers in the 

ensemble. Since the resampling is not based on weighting, the RF classification method is not sensitive 

to noise or overtraining and has been widely used for classification since it provides high classification 

accuracy (Gislason et al. 2006, Rodriguez-Galiano et al. 2012, Zhu et al. 2012, Conrad et al. 2014).  
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3.1.5 QUANTIFICATION OF THE INDICATORS 

Share of natural areas in the city is computed as the proportion of area of natural areas to the total area 

of the city. Thus, it was necessary to extract the natural areas layer for the three pilot cities. Initially it 

was not possible to directly extract the natural areas from the satellite imagery with high accuracy, 

hence, here we refer to candidates for natural areas. The process involves the extraction of the 

candidates at different levels. Firstly, the RF classification result was reclassified into three major 

classes such as vegetated, not-vegetated and water. As per the definition of the natural areas for the 

cities (although varying to a certain degree, see chapter 0 for a discussion on this perceived issue), it is 

clear that from the above classes only vegetated areas are of interest for the derivation of natural areas. 

Agricultural areas (croplands) were excluded from the vegetated areas to obtain the first level of 

candidate natural areas. Secondly, for Barcelona and Tallinn the Copernicus Urban Atlas data set3 was 

used to further refine the candidates for natural areas. Accordingly, areas overlapping with urban 

fabrics were considered managed and were excluded from the natural areas. Thirdly, for Tallinn coastal 

areas (dunes and sands) as well as peatlands were manually digitized and included as candidates for 

natural areas. However, in Barcelona all coastal and beach elements are considered to be man-made 

and, hence, not natural. The resulting candidate natural areas level 2 were rechecked and edited with 

the consultation of the city administration and experts to obtain the natural areas. Finally, the share of 

the natural areas was calculated by dividing the total area of natural areas with area of the city and 

multiplying by 100.  

 

3.2 INDICATOR 2 – CONNECTIVITY MEASURES OR ECOLOGICAL NETWORKS TO COUNTER 

FRAGMENTATION 

Urban wildlife populations are negatively affected by the inability to migrate between fragmented 

habitats, resulting in reduced access to resources and mating partners as well as higher rates of 

extinction and the loss of genetic diversity among native species (Brook et al., 2003; Di Giulio et al., 

2009; LaPoint et al., 2015; Taylor et al., 1993; Tischendorf & Fahrig, 2000). The importance of 

landscape connectivity for biodiversity has been discussed extensively in the literature (Brook et al., 

2003; Di Giulio et al., 2009; Taylor et al., 1993). For example, enhancement of connectivity is the most 

often recommended measure to address the effect of climate change on biodiversity by enabling species 

to move to more suitable locations (Heller and Zavaleta, 2009). Therefore, higher efforts are needed to 

protect natural areas from destruction and fragmentation.  

Indicator 2 measures the degree of connectivity of natural areas within cities. Connectivity is defined as 

“the degree to which the landscape facilitates or impedes movement among resources” and it can be 

“measured by the probability of movement between all points or resource patches in a landscape” 

(Taylor et al., 1993). 

 

                                                             
3 http://land.copernicus.eu/local/urban-atlas/view  

http://land.copernicus.eu/local/urban-atlas/view
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3.2.1 SPECIFICATIONS 

 

Table 3: Technical specifications for indicator 2 

Product Connectivity of natural areas 

Content Indicator 2 represents the degree of connectivity of natural areas, or the 
average amount of natural area that an individual (of a certain wildlife species) 
is connected to from any randomly chosen starting point in a landscape/city. 

Input data GIS data layers of indicator 1 

Ancillary data about barriers and connectors (e.g., roads, built-up areas, and 
semi-natural areas) which are used for the delineation of the fragmentation 
geometry and connectors.  

Selection of the ancillary data about the fragmentation geometry (barriers) and 
connectors was based on the protocol of CBI User’s Manual as well as opinions 
of experts from the participating cities (users). The following table presents the 
detailed information of the input data used for the calculation of indicator 2. 

 

Barcelona Municipality 
Input data 
class 

Input data Source Type of data 

Natural areas Product of indicator 1 Internal data Shapefile (polygon) 
Barriers Major roads  

Building footprints 
- City of Barcelona 
- City of Barcelona 

- Shapefile (polyline) 
- Shapefile (polygon) 

Connectors - Golf courses 
- Botanical garden  
- Cemeteries  
- Semi-natural parks 

- City of Barcelona 
- City of Barcelona 
- City of Barcelona 
- City of Barcelona 

- Shapefile (polygon) 
- Shapefile (polygon) 
- Shapefile (polygon) 
- Shapefile (polygon) 

Other - City Boundary - City of Barcelona - Shapefile (polygon) 
Barcelona Metropolitan 

Input data 
class 

Input data Source Type of data 

Natural areas Product of indicator 1 Internal data Shapefile (polygon) 
Barriers Major roads  

Building footprints 
- City of Barcelona 
- City of Barcelona 

- Shapefile (polyline) 
- Shapefile (polygon) 

Connectors - Golf courses 
- Botanical garden  
- Cemeteries  

- City of Barcelona 
- City of Barcelona 
- City of Barcelona 

- Shapefile (polygon) 
- Shapefile (polygon) 
- Shapefile (polygon) 

Other - Regional Boundary - City of Barcelona - Shapefile (polygon) 
Tallinn 

Input data 
class 

Input data Source Type of data 

Natural areas Product of indicator 1 Internal data Shapefile (polygon) 
Barriers  - Major roads  

 - Heavily concretised 
canals  
- Building footprints  

- City of Tallinn 
- City of Tallinn 
- Open Street Map 

- Shapefile (polyline) 
- Shapefile (polyline) 
- Shapefile (polygon) 

Connectors - Parks  
- Botanical garden  
- Cemeteries  

- City of Tallinn 
- City of Tallinn 
- City of Tallinn 

- Shapefile (polygon) 
- Shapefile (polygon) 
- Shapefile (polygon) 

Other - City Boundary - City of Tallinn - Shapefile (polygon) 
Edmonton 

Input data 
class 

Input data Source Type of data 

Natural areas Product of indicator 1 Internal data Shapefile (polygon) 
Barriers - Major roads 

- North Saskatchewan 
river 
- Building rooflines 

- City of Edmonton 
- City of Edmonton 
- City of Edmonton 

- Shapefile (polyline) 
- Shapefile (polygon) 
- Shapefile (polygon) 

Connectors - Cemeteries 
- Parks  

- City of Edmonton 
- City of Edmonton 

- Shapefile (polygon) 
- Shapefile (polygon) 
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- Golf courses 
- Other open green 
spaces 
- Primary vegetation 
data (from PLVI) 

- City of Edmonton 
- City of Edmonton 
- City of Edmonton 

- Shapefile (polygon) 
- Shapefile (polygon) 
- Shapefile (polygon) 

Other - City Boundary - City of Edmonton - Shapefile (polygon) 

 

 

Methodology 𝐼𝑁𝐷2 =
1

𝐴total

(𝐴G1
2 + 𝐴G2

2  +  𝐴G3
2 + ⋯ + 𝐴G𝑛

2 ) 

1

 

where n denotes the number of groups of connected patches of natural area; 
𝐴G1, 𝐴G2, 𝐴G3,... indicate the sizes of each group of connected patches of natural 
area; and Atotal represents the total area of all patches of natural area in the 
landscape. 

 

Temporal 
Requirement 

Recent years (2014, 2015) 

Spatial coverages Barcelona core city, Metropolitan area of Barcelona 

Tallinn core city  

City of Edmonton 

Minimum Mapping 
Unit 

No MMU, minimum mappable area determined by pixel size (10 m for SPOT-
5/Take-5 and 5 m for RapidEye) 

Thematic accuracy 85 % (depending on the quality of EO data and reference data) 

Geometric 
accuracy 

< 1 pixel 

Projection 
Barcelona: 
 
PROJCS["ETRS89 / UTM zone 31N", 
    GEOGCS["ETRS89", 
        DATUM["European_Terrestrial_Reference_System_1989", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            TOWGS84[0,0,0,0,0,0,0], 
            AUTHORITY["EPSG","6258"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.0174532925199433, 
            AUTHORITY["EPSG","9122"]], 
        AUTHORITY["EPSG","4258"]], 
    PROJECTION["Transverse Mercator"], 
    PARAMETER["latitude_of_origin",0], 
    PARAMETER["central_meridian",3], 
    PARAMETER["scale_factor",0.9996], 
    PARAMETER["false_easting",500000], 
    PARAMETER["false_northing",0], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    AXIS["Easting”, EAST], 
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    AXIS["Northing”, NORTH], 
    AUTHORITY["EPSG","25831"]] 
 
Tallinn: 
 
PROJCS["Estonian Coordinate System of 1997", 
    GEOGCS["EST97", 
        DATUM["Estonia_1997", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            TOWGS84[0,0,0,0,0,0,0], 
            AUTHORITY["EPSG","6180"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.01745329251994328, 
            AUTHORITY["EPSG","9122"]], 
        AUTHORITY["EPSG","4180"]], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    PROJECTION["Lambert_Conformal_Conic_2SP"], 
    PARAMETER["standard_parallel_1",59.33333333333334], 
    PARAMETER["standard_parallel_2",58], 
    PARAMETER["latitude_of_origin",57.51755393055556], 
    PARAMETER["central_meridian",24], 
    PARAMETER["false_easting",500000], 
    PARAMETER["false_northing",6375000], 
    AUTHORITY["EPSG","3301"] 
 
Edmonton: 
 
PROJCS["NAD83 / Alberta 3TM ref merid 114 W", 
    GEOGCS["NAD83", 
        DATUM["North_American_Datum_1983", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            AUTHORITY["EPSG","6269"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.01745329251994328, 
            AUTHORITY["EPSG","9122"]], 
        AUTHORITY["EPSG","4269"]], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    PROJECTION["Transverse Mercator"], 
    PARAMETER["latitude_of_origin",0], 
    PARAMETER["central_meridian",-114], 
    PARAMETER["scale_factor",0.9999], 
    PARAMETER["false_easting",0], 
    PARAMETER["false_northing",0], 
    AUTHORITY["EPSG","3776"], 
    AXIS["Easting”, EAST], 
    AXIS["Northing”, NORTH]] 
 

Delivery format 
The final products in digital format are delivered both on-line via FTP & on 
media DVD 

 Geographic data (incl. meta-data in acc. with INSPIRE and ISO 
standards) in standard GIS format: 
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o vector data (land cover data): shape file, (e.g. ArcGIS project) 
and as .kmz/.kml to enable to view the data on Google Earth 

 Reports, statistics and input material for brochures (images, text etc.): 
in MS Office (word, power point, excel) format and pdf (all annexes 
included into one file) 

Analogue paper versions of the maps will be provided on request of and in 
agreement with the user organisations. 

 

3.2.2 PRODUCTION APPROACH 

Indicator 2 measures the degree of connectivity of natural areas in cities. It represents the average 

amount of natural area that an individual (of a certain wildlife species) is connected to in a landscape 

from any randomly selected start location. Alternatively, it can be interpreted as the probability that 

two individuals randomly dropped in the landscape are connected. The more barriers present in a 

landscape, the less natural area animals have access to, and the lower the value of connectivity. 

Indicator 2 considers two patches connected if they are located 100 m or less apart with no barriers 

between them. The 100 meter distance is a threshold distance that is specified in the CBI User’s Manual 

and represents a general average movement range of species between habitat patches. According to the 

CBI User’s Manual, barriers include roads (that are 15 m or more in width; or smaller but have a high 

traffic volume of more than 5000 cars per day), rivers that are highly modified and other artificial 

barriers such as heavily concretised canals and heavily built up areas or any other artificial structures 

that the city would consider as a barrier. Indicator 2 is calculated as: 

 

𝐼𝑁𝐷2 =
1

𝐴total
(𝐴G1

2 + 𝐴G2
2  +  𝐴G3

2 + ⋯ + 𝐴G𝑛
2 ), 

 

where n denotes the number of groups of connected patches of natural area; A_G1, A_G2, A_G3,... 

indicate the sizes of each group of connected patches of natural area; and A_total represents the total 

area of all patches of natural area in the landscape (or the previous total area of all patches of natural 

area at an earlier reference point in time, when monitoring temporal change). 

Accordingly, IND2 is calculated as the sum of intra-patch and inter-patch connectivity. For example, 

for a group (G1) of three connected patches of sizes AG1.P1, AG1.P2, and AG1.P3: 

Intra-patch connectivity = (AG1.P12 + AG1.P22 + AG1.P32) / Total area (for Group 1) 

Inter-patch connectivity = (2·AG1.P1·AG1.P2 + 2·AG1.P1·AG1.P3 + 2·AG1.P2·AG1.P3)/ Total area (for 

Group 1),  

Total connectivity of Group 1 = Intra-patch connectivity + Inter-patch connectivity, 

where A refers to Area, G refers to Group of patches and P refers to Patch of natural area (within a 

certain group). 
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The following examples demonstrate how Indicator 2 is calculated (see Figure 9). 

 

Figure 9: Three landscapes in different configurations. a) Connectivity= 83.15 ha, b) 
connectivity= 108.33 ha and c) connectivity= 135 ha (as explained in the text). 
 

Example a: There are four patches in the landscape with a combined total area of 135 ha. Three patches 

are less than 100 m apart and, accordingly, are considered connected. The areas of these patches are 20 

ha, 10 ha, and 5 ha. The fourth patch has an area of 100 ha and is not considered connected to the other 

three patches (see Figure 9a). According to the formula, connectivity is:   

((20 ha)2 + (10 ha)2 + (5 ha)2 + (2·20ha·10ha) + (2·20ha·5ha) + (2·10ha·5ha) + (100 ha)2) / (135 ha) = 

83.15 ha.  

Example b: There are three patches in the landscape, two of which are less than 100 m apart and 

considered connected. Their areas are 10 ha and 5 ha. The third patch has an area of 120 ha and is not 

connected to the other two patches (see Figure 9b). According to the equation, connectivity is higher 

than in the previous scenario. The total area of patches is the same (135 ha), but the degree of 

fragmentation is lower:   

((10 ha)2 + (5 ha)2 + (120 ha)2 + (2·10 ha·5 ha)) / (135 ha) = 108.33 ha. 

Example c: There is one resource patch in the landscape with an area of 135 ha (see Figure 9c). 

According to the equation, all connectivity is intra-patch connectivity and is at its highest possible value, 

i.e., the total amount of natural area (whereas inter-patch connectivity is zero as the patch is not 

connected to any surrounding patches):   

(135 ha)2 / (135 ha) = 135 ha. 

Figure 10 presents the step by step approach for calculation of IND2. The detailed description of each 

phase is presented afterwards. 
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Figure 10: Workflow/step by step process for production of indicator 2 
 

Phase 1: Data collection 

Data about the natural areas (the product of indicator 1) are the main input for the calculation of 

indicator 2. Data needed for the specification of the fragmentation geometry and the connectors were 

requested from the contact person of each participating city (see the following maps in Figure 11 to 

Figure 14). For more detailed information on input data used in the calculation of indicator 2 please 

refer to Table 3 in chapter 3.2.1. 
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Figure 11: Natural areas, fragmentation geometry and connectors in the Barcelona 
Municipality 
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Figure 12: Natural areas, fragmentation geometry and connectors in the Barcelona 
Metropolitan Area 
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Figure 13: Natural areas, fragmentation geometry and connectors in the city of Tallinn 
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Figure 14: Natural areas, fragmentation geometry and connectors in the city of 
Edmonton 
 

Phase 2: Data pre-processing 

Prior to the spatial analysis, the input data were pre-processed. This includes a geometric repair of some 

of the ancillary data by inspecting potential geometry problems and applying relevant fixes, a 

verification of the ancillary data by investigating the compatibility of the data, received from each user, 

with initial data request which was based on CBI User’s Manual. Additionally, the projections of all 

feature classes being used in the analysis were checked because they should be in a correct and 
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consistent projection system. The final step was to test the layer of natural areas against the existence 

of overlapping patches.  

 

Phase 3: Spatial analysis 

Step 1: According to the CBI User’s Manual, IND2 considers two patches connected if they are located 

100 m or less apart with no barriers between them. The 100 meter distance is a threshold distance that 

is specified in the CBI User’s Manual and is used to represent a general average movement range of 

species between habitat patches. In order to consider this distance, all natural areas were buffered at 50 

m, representing connections between patches up to a maximum of 100 m apart.  

Step 2: Barriers that were received in the form of polylines were buffered at 2x7.5 m for roads and 2x5 

m for canals representing an average area that they take up in the fragmentation geometry.  

Step 3: All barriers (e.g., roads, canals, and building footprints) were merged in order to create one 

single layer that represents the fragmentation geometry. 

Step 4: The barriers in the fragmentation geometry that overlap with the buffer of natural areas were 

subtracted from the buffered natural areas (input: buffered natural areas (output of step 1), erase 

feature: fragmentation geometry (output of step 3).  

Step 5: In order to identify the patches that are connected (groups of connected patches), similar 

feature IDs were given to those patches that were connected (input: Step 4). In practice, in this step 

the attribute of the input feature was maintained and a new field (ORIG_FID) was added to the 

attribute of the output feature class. In the ORIG_FID field patches that are apart less than 100 m and 

no barriers between them received repeating IDs/similar IDs. 

Step 6: The output of step 5 was intersected with the original layer of natural areas/ indicator 1 

(natural areas without buffer) in order to compute the correct values of the areas of the connected 

patches and unconnected patches of natural areas (input features: output of step 5 and the layer of 

natural areas (indicator 1). 

Step 7 (final output): A new field was added to the attribute of the output from step 6 and the areas of 

the patches of natural areas were calculated. 

Note: In the scenarios that account connectors for connectivity, the feature class that includes all 

connectors was merged with the output of step 1 to determine the groups of connected patches. All the 

other steps (steps 2-7) remained the same. 

 

Phase 4: Calculations 

a) Intra-patch connectivity: total sum of the squares of the areas of all patches (including both repeating 

IDs (connected patches, i.e., groups of two or more patches) and non-repeating IDs (unconnected 

patches) divided by the total area of natural areas (sum of the area of all patches). [e.g., intra-patch 
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connectivity = (AG1.P1² + AG1.P2² + AG1.P3²) / Total area]. 

b) Inter-patch connectivity: The difference between the total sum of the squares of the areas of groups 

of connected patches4 (patches that have repeating Group IDs) and the total sum of the squares of areas 

of the connected patches5, divided by the total area of natural areas (sum of the area of all patches). 

[e.g., inter-patch connectivity = (2·AG1.P1·AG1.P2 + 2·AG1.P1·AG1.P3 + 2·AG1.P2·AG1.P3)/ Total area]. 

c) Total connectivity= intra-patch connectivity + inter- patch connectivity. 

 

3.3 INDICATOR 11 – REGULATION OF QUANTITY OF WATER: PROPORTION OF PERMEABLE 

AREAS 

The production of the indicator 11 results in a number of sub-products that lead to the final 

product/indicator: first, a (binary) GIS layer showing the distribution of permeable and impermeable 

(impervious) areas, and secondly the proportion of permeable areas per city. The following tables 

summarize the detailed technical specifications of the deliverable products taking into account the 

general as well as the specific user requirements on the one hand, and the feasibility of the products 

given the selected EO input data on the other.  

 

3.3.1 SPECIFICATIONS 

 

Table 4: Technical specifications for product 1 of indicator 11 – Degree of 
imperviousness 
 

Product Degree of imperviousness 

Content The service will comprise: 

1. Map of predicted degree of imperviousness  

2. Map of improved degree of imperviousness using open street maps 

(roads & buildings) 

3. Map of degree of imperviousness above 25 percent  
4. Maps of degree of imperviousness above 50 percent 

Input data SPOT-5 10m for the entire AOI (Barcelona) 

SPOT-5 (Take-5) 10m for the entire AOI (Tallinn) 

RapidEye 5m for the entire AOI (Edmonton) 

Methodology See the illustrations of the production approach in Figure 15 to Figure 17 

Temporal 
Requirement 

Recent year (2014, 2015) 

                                                             
4 i.e., squares of the sums of the areas of patches in each group of connected patches; e.g., (AG1.P1 + 
AG1.P2 + AG1.P3)2 + (AG2.P1 + AG2.P2)2 + ... . 
5 i.e., squares of all the areas of patches by themselves; e.g., AG1.P12 + AG1.P22 + AG1.P32 + AG2.P12 + 
AG2.P22 + ... . 
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Spatial coverage Barcelona core city, Metropolitan area of Barcelona 

Tallinn core city  

City of Edmonton 

Minimum Mapping 
Unit 

No MMU, only a determining pixel size (10 m for SPOT-5/Take-5 and 5 m for 
RapidEye) 

Thematic accuracy 85 % (depending on the quality of EO data and reference data) 

Geometric 
accuracy 

< 1 pixel 

Projection 
Barcelona: 
 
PROJCS["ETRS89 / UTM zone 31N", 
    GEOGCS["ETRS89", 
        DATUM["European_Terrestrial_Reference_System_1989", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            TOWGS84[0,0,0,0,0,0,0], 
            AUTHORITY["EPSG","6258"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.0174532925199433, 
            AUTHORITY["EPSG","9122"]], 
        AUTHORITY["EPSG","4258"]], 
    PROJECTION["Transverse Mercator"], 
    PARAMETER["latitude_of_origin",0], 
    PARAMETER["central_meridian",3], 
    PARAMETER["scale_factor",0.9996], 
    PARAMETER["false_easting",500000], 
    PARAMETER["false_northing",0], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    AXIS["Easting”, EAST], 
    AXIS["Northing”, NORTH], 
    AUTHORITY["EPSG","25831"]] 
 
Tallinn: 
 
PROJCS["Estonian Coordinate System of 1997", 
    GEOGCS["EST97", 
        DATUM["Estonia_1997", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            TOWGS84[0,0,0,0,0,0,0], 
            AUTHORITY["EPSG","6180"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.01745329251994328, 
            AUTHORITY["EPSG","9122"]], 
        AUTHORITY["EPSG","4180"]], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    PROJECTION["Lambert_Conformal_Conic_2SP"], 
    PARAMETER["standard_parallel_1",59.33333333333334], 
    PARAMETER["standard_parallel_2",58], 
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    PARAMETER["latitude_of_origin",57.51755393055556], 
    PARAMETER["central_meridian",24], 
    PARAMETER["false_easting",500000], 
    PARAMETER["false_northing",6375000], 
    AUTHORITY["EPSG","3301"] 
 
Edmonton: 
 
PROJCS["NAD83 / Alberta 3TM ref merid 114 W", 
    GEOGCS["NAD83", 
        DATUM["North_American_Datum_1983", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            AUTHORITY["EPSG","6269"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.01745329251994328, 
            AUTHORITY["EPSG","9122"]], 
        AUTHORITY["EPSG","4269"]], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    PROJECTION["Transverse Mercator"], 
    PARAMETER["latitude_of_origin",0], 
    PARAMETER["central_meridian",-114], 
    PARAMETER["scale_factor",0.9999], 
    PARAMETER["false_easting",0], 
    PARAMETER["false_northing",0], 
    AUTHORITY["EPSG","3776"], 
    AXIS["Easting”, EAST], 
    AXIS["Northing”, NORTH]] 
 

Delivery format 
The final products in digital format will be delivered both on-line via FTP & 
on media DVD 

 Geographic data (incl. meta-data in acc. with INSPIRE and ISO 
standards) in standard GIS format: 

o raster data (imagery): .geotiff 

o vector data (land cover data): shape file, (e.g. ArcGIS project) 
and as .kmz/.kml to enable to view the data on Google Earth 

 Maps (degree of imperviousness maps) in high quality ready for 
printing in adequate scale and out-put size (e.g. .tiff, .pdf) 

 Reports, statistics and input material for brochures (images, text etc.): 
in MS Office (word, power point, excel) format and pdf (all annexes 
included into one file) 

Analogue paper versions of the maps will be provided on request of and in 
agreement with the user organisations. 
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Table 5: Technical specifications for product 2 of indicator 11 – proportion of permeable 
areas  

Service 2: proportion of permeable areas 
Service content This product is the share of permeable areas in the city obtained 

as a percentage cover of the total area of the city.   
Spatial resolution NA 
Geometric accuracy NA 
Thematic accuracy NA 
Temporal resolution Barcelona: one time step (2014) 

Tallinn: six time steps (from 2015) 

Edmonton: one time step (2015) 
 

3.3.2 PRODUCTION APPROACH 

Regulation of quantity of water depends on the proportion of permeable areas in the city. The 

proportion of permeable areas in the city was indirectly calculated from the share of impervious areas. 

Thus, it was necessary to map the impervious surfaces of the cities. Prediction of degree of 

imperviousness using SPOT-5 (Take-5)/RapidEye images involves two steps, i.e., the selection of 

sample degrees of imperviousness and the subsequent prediction of imperviousness. 

 

 

Figure 15: Details of workflow for the derivation of indicator 11, Barcelona 
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Figure 16: Details of workflow for the derivation of indicator 11, Tallinn 
 

 

 

Figure 17: Details of workflow for the derivation of indicator 11, Edmonton 
 

 

3.3.3 PREDICTING THE DEGREE OF IMPERVIOUSNESS 

Samples for the degree of imperviousness were collected from low permeability areas such as paved 

grounds, roads as well as high permeability areas such as forests and grasslands. The sample points 

overlaid on impervious layers were assigned 100% degree of imperviousness, while sample points 

overlaid on permeable land were assigned 0% degree of imperviousness (Figure 18 to Figure 20). At 

each sample point the pixel values of vegetation indices were extracted from SPOT/RapidEye images.   
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Figure 18: Sample points for degree of imperviousness, Barcelona 
 

 
 

Figure 19: Sample points for degree of imperviousness, Tallinn 
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Figure 20: Sample points for degree of imperviousness, Edmonton 
 

Two different regression methods were used to predict degree of imperviousness from SPOT and 

RapidEye images, i.e. Simple Linear Regression (SLR) and Boosted Regression Trees (BRTs). 

 

Predicting degree of imperviousness using Simple Linear Regression 

Simple Linear Regression models provide a simplistic approach for predicting an unknown variable 

from one or more explanatory variable(s). This method was used to predict the degree of 

imperviousness from time series of SPOT-5 (Take-5) images for Tallinn. The availability of time series 

SPOT images for Tallinn allows derivation of indices (e.g. maximum NDVI) that are highly correlated 

with the sample degree of imperviousness using SLR.  
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Prediction of degree of imperviousness from time series of SPOT-5 (Take-5) images involves several 

steps. Firstly, maximum NDVI was calculated from time series SPOT-5 (Take-5) images and stretched 

to extract values above 0.3. Secondly, the values were regressed against the sample degree of 

imperviousness using SLR. There is high correlation between degree of imperviousness and maximum 

NDVI which shows that simple regression can be used to predict the degree of imperviousness over the 

entire area of interest. Although the RapidEye images used to predict the degree of imperviousness for 

Edmonton are from the same period, the correlation from SLR of NDVI calculated from the images and 

the sample degree of imperviousness was high. Hence, SLR was used to predict degree of 

imperviousness from RapidEye images for the entire area of Edmonton.  

 

Predicting degree of imperviousness using Boosted Regression Trees 

Unlike Tallinn, time series data was not available for Barcelona and a prediction of the degree of 

imperviousness from an NDVI calculated from SPOT-5 images of the same period showed poor 

performance. Thus, an alternative method, Boosted Regression Trees, was used. Boosted Regression 

Trees (BRTs) (Elith et al. 2008), an ensemble method used for fitting statistical models was used to 

predict the degree of imperviousness from SPOT-5 images. BRTs combine algorithms of regression 

trees that use recursive binary splits to relate a response to their predictors and boosting that combines 

simple models to improve predictive performance (Elith et al. 2008, Leathwick et al. 2006, De’ath 

2007). Moreover, BRTs are preferred since they capture complex structures that arise from spatial 

autocorrelation within a dataset and allow comparison of the relative importance of the predictors 

(Crase et al. 2012). Boosted Regression Trees was implemented in R 3.2.2 statistical software package 

(R Development Core Team (2008)).  

Contrary to SLR that only implements predetermined linear model, BRTs provide more flexibility and 

capture non-linear relationships between the variable predicted and predictors using set of decision 

trees. Thus, for Barcelona, several indices (e.g. NDVI, band ratios, band differences, etc.) were 

calculated from the SPOT-5 images to predict degree of imperviousness based on samples 

imperviousness collected at different locations in the city. Compared with SLR, BRTs require 

preparation of large datasets and long processing time. Hence, SLR was preferably used for Tallinn and 

Edmonton because maximum NDVI calculated from SPOT-5 (Take-5) and NDVI calculated from 

RapidEye images were found sufficient in predicting the degree of imperviousness. 

 

The degree of imperviousness predicted using either of the methods (SLR or BRTs) for the entire area 

of the cities is in percent and values range from 0 to 100. The predicted degree of imperviousness (level 

1) was further improved using open street maps (roads, buildings). The OSM (roads) were re-projected 

to the required projections for the three cities (Barcelona: EPSG 25831, Tallinn: EPSG 3301, Edmonton: 

EPSG 3776) and different buffer distances (2, 3, 4 and 5m) were used depending on the width of the 
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roads (types of roads). The buffer was rasterized to create a layer with values “0” indicating no roads 

and “1” indicating roads. The OSM (roads) were re-projected to the city’s coordinate system and 

different buffer distances (2, 3, 4 and 5m) were used depending on the width of the roads (types of 

roads). The buffer was rasterized to create a dummy layer with a “0” value indicating no roads and a “1” 

indicating roads. The resulting OSM (roads) raster layer was used to update the predicted degree of 

imperviousness based on the fact that asphalt roads are impervious. In addition, areas overlapping with 

OSM buildings footprint were also assigned as impervious. Finally, the degree of imperviousness (level 

2) was rechecked and edited based on feedbacks from the city administration and experts to derive the 

final imperviousness map.  

 

Share of permeable areas 

The percentage area of the city which is impervious was calculated from the last level of the degree of 

imperviousness using zonal statistics in QGIS software. The share of permeable areas is the inverse 

value of the imperviousness and is calculated as follows: 

 

𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑙𝑒 𝑎𝑟𝑒𝑎𝑠 = 100 − 𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑖𝑚𝑝𝑒𝑟𝑣𝑖𝑜𝑢𝑠 𝑎𝑟𝑒𝑎𝑠 

 

An important point to consider is the threshold that is applied to decide whether or not a pixel is 

permeable. The Copernicus HRL Imperviousness, for example, does also come with a built-up mask for 

which the threshold is set to 30 % sealing degree to include this cell into the built-up layer. However, in 

the current project it was agreed to not follow that guideline but that the majority of the cell (> 50%) 

should be permeable. If only the pixels below 30% degree of soil sealing would be considered as 

permeable, the indicator would substantially underestimate permeable surfaces. Regulation of quantity 

of water is thus interpreted in terms of the permeability of the soil with high values implying better 

conditions of this service. 
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3.4 INDICATOR 12 – CLIMATE REGULATION: CARBON STORAGE AND COOLING EFFECT OF 

VEGETATION: EXTENT OF TREE CANOPY COVER 

3.4.1 SPECIFICATIONS 

Table 6: Technical specifications for product 1 of indicator 12 – Tree canopy cover 
 

Product Tree canopy cover 

Content The service will comprise: 

1. Map of predicted tree canopy cover 

2. Map of improved tree canopy cover using land cover layers 

(agriculture, grasslands, meadows, pasture) open street maps 

(roads)  

3. Map of tree canopy cover above 25 percent  
4. Maps of tree canopy cover above 50 percent 

Input data SPOT-5 10m for the entire AOI (Barcelona) 

SPOT-5 (Take-5) 10m for the entire AOI (Tallinn) 

RapidEye 5m for the entire AOI (Edmonton) 

Methodology See the illustrations of the production approach in Figure 21 to Figure 23. 

Temporal 
Requirement 

Recent year (2014, 2015) 

Spatial coverage Barcelona core city, Metropolitan area of Barcelona 

Tallinn core city  

City of Edmonton 

Minimum Mapping 
Unit 

No MMU, only a determining pixel size (10 m for SPOT-5/Take-5 and 5 m for 
RapidEye) 

Thematic accuracy 85 % (depending on the quality of EO data and reference data) 

Geometric 
accuracy 

< 1 pixel 

Projection 
Barcelona: 
 
PROJCS["ETRS89 / UTM zone 31N", 
    GEOGCS["ETRS89", 
        DATUM["European_Terrestrial_Reference_System_1989", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            TOWGS84[0,0,0,0,0,0,0], 
            AUTHORITY["EPSG","6258"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.0174532925199433, 
            AUTHORITY["EPSG","9122"]], 
        AUTHORITY["EPSG","4258"]], 
    PROJECTION["Transverse Mercator"], 
    PARAMETER["latitude_of_origin",0], 
    PARAMETER["central_meridian",3], 
    PARAMETER["scale_factor",0.9996], 
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    PARAMETER["false_easting",500000], 
    PARAMETER["false_northing",0], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    AXIS["Easting”, EAST], 
    AXIS["Northing”, NORTH], 
    AUTHORITY["EPSG","25831"]] 
 
Tallinn: 
 
PROJCS["Estonian Coordinate System of 1997", 
    GEOGCS["EST97", 
        DATUM["Estonia_1997", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            TOWGS84[0,0,0,0,0,0,0], 
            AUTHORITY["EPSG","6180"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.01745329251994328, 
            AUTHORITY["EPSG","9122"]], 
        AUTHORITY["EPSG","4180"]], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    PROJECTION["Lambert_Conformal_Conic_2SP"], 
    PARAMETER["standard_parallel_1",59.33333333333334], 
    PARAMETER["standard_parallel_2",58], 
    PARAMETER["latitude_of_origin",57.51755393055556], 
    PARAMETER["central_meridian",24], 
    PARAMETER["false_easting",500000], 
    PARAMETER["false_northing",6375000], 
    AUTHORITY["EPSG","3301"] 
 
Edmonton: 
 
PROJCS["NAD83 / Alberta 3TM ref merid 114 W", 
    GEOGCS["NAD83", 
        DATUM["North_American_Datum_1983", 
            SPHEROID["GRS 1980",6378137,298.257222101, 
                AUTHORITY["EPSG","7019"]], 
            AUTHORITY["EPSG","6269"]], 
        PRIMEM["Greenwich",0, 
            AUTHORITY["EPSG","8901"]], 
        UNIT["degree",0.01745329251994328, 
            AUTHORITY["EPSG","9122"]], 
        AUTHORITY["EPSG","4269"]], 
    UNIT["metre",1, 
        AUTHORITY["EPSG","9001"]], 
    PROJECTION["Transverse Mercator"], 
    PARAMETER["latitude_of_origin",0], 
    PARAMETER["central_meridian",-114], 
    PARAMETER["scale_factor",0.9999], 
    PARAMETER["false_easting",0], 
    PARAMETER["false_northing",0], 
    AUTHORITY["EPSG","3776"], 
    AXIS["Easting”, EAST], 
    AXIS["Northing”, NORTH]] 
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Delivery format 
The final products in digital format will be delivered both on-line via FTP & 
on media DVD 

 Geographic data (incl. meta-data in acc. with INSPIRE and ISO 
standards) in standard GIS format: 

o raster data (imagery): .geotiff 

o vector data (land cover data): shape file, (e.g. ArcGIS project) 
and as .kmz/.kml to enable to view the data on Google Earth 

 Maps (tree canopy cover maps) in high quality ready for printing in 
adequate scale and out-put size (e.g. .tiff, .pdf) 

 Reports, statistics and input material for brochures (images, text etc.): 
in MS Office (word, power point, excel) format and pdf (all annexes 
included into one file) 

Analogue paper versions of the maps will be provided on request of and in 
agreement with the user organisations. 

 

Table 7: Technical specifications for product 2 of indicator 12 – proportion of tree 
canopy cover  
 

Service 2: proportion of permeable areas 
Service content This product is the share of tree canopy cover in the city obtained 

as a percentage cover of the total area of the city.   
Spatial resolution NA 
Geometric accuracy NA 
Thematic accuracy NA 
Temporal resolution Barcelona: one time step (2014) 

Tallinn: six time steps (from 2015) 

Edmonton: one time step (2015) 
 

3.4.2 PRODUCTION APPROACH 

Tree canopy cover is an essential component of climate regulation in urban areas. In this task the cooling 

effect of vegetation is predicted using percent tree cover as a proxy. Prediction of percent tree cover 

using SPOT-5 (Take-5)/RapidEye images involves two steps i.e. selection of sample percent tree cover 

and prediction of the tree canopy cover. 
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Figure 21: Details of workflow for the derivation of indicator 12, Barcelona 
 

 

Figure 22: Details of workflow for the derivation of indicators 12, Tallinn 
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Figure 23: Details of workflow for the derivation of indicators 12, Edmonton 
 

3.4.3 PREDICTING THE EXTENT OF TREE CANOPY COVER 

The approach used for predicting tree canopy cover is similar to that of the degree of imperviousness 

described in chapter 3.3.3. Samples for percent tree canopy cover were collected from areas with no tree 

canopy cover such as open paved grounds without trees as well as areas with dense tree canopy cover. 

The sample points overlapping with zero tree canopy cover areas were assigned a tree cover density 

value of 0% while those in the dense tree canopy areas were assigned tree cover density value of 100% 

(Figure 24 to Figure 26). At each sample point the pixel values of many vegetation indices (e.g. NDVI, 

band ratios, band differences) calculated from SPOT-5 (Take-5)/RapidEye images were extracted.   

 

 

Figure 24: Examples of sample points for percent tree canopy cover, Barcelona 
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Figure 25: Examples of sample points for percent tree canopy cover, Tallinn 
 

 

Figure 26: Examples of sample points for tree canopy cover, Edmonton 
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Predicting tree canopy cover using Boosted Regression Trees 

Boosted Regression Trees (BRTs) described in chapter 3.3.3 were used to predict the percent tree 

canopy cover from SPOT-5 (Take-5) images (Tallinn) and SPOT-5 images (Barcelona). Percent tree 

canopy cover was predicted from vegetation indices (e.g. NDVI, band ratios, band differences, etc.) 

calculated from the SPOT images based on the sample tree canopy cover collected at different locations 

in the city (see Figure 24 and Figure 25). Boosted Regression Trees was implemented in R 3.2.2 

statistical software package (R Development Core Team (2008)).  

 

Predicting tree canopy cover using Simple Linear Regression 

BRTs using high resolution images such RapidEye was found time consuming for larger cities and SLR 

was preferably used for Edmonton. The prediction of percent tree canopy cover involves several steps. 

Firstly, the NDVI was calculated from RapidEye images and stretched to extract suitable values between 

0 and 1. Secondly, the relationship between the sample tree canopy and NDVI values extracted at 

different locations (Figure 26) was determined using Simple Linear Regression. There is a high 

correlation between tree canopy cover and NDVI which shows that simple regression can be used to 

predict percent tree canopy over the entire Edmonton city area. Since the RapidEye images were from 

two different dates, the prediction of tree canopy cover was done by dividing the entire Edmonton city 

area into two blocks (block 1 covered with two scenes from 17/05/2015 and block 2 covered with three 

scenes from 07/07/2015).  

 

The tree canopy cover predicted using both methods (SLR, BRTs) is in percent and values range from 

0 to 100. The result of the prediction was further corrected using forest, agriculture and grassland layers 

produced during the production of indicator 1. Agricultural and grassland areas that were wrongly 

predicted as having tree canopy cover were excluded while forest areas that were omitted in the 

prediction were included in the tree canopy layer. The final product of tree cover was checked and 

validated for its accuracy. 
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4 PROOF-OF-CONCEPT: PROTOTYPE 

This chapter presents the final products as listed in the previous chapter, i.e. the GIS layers (maps) and 

the final CBI-relevant value of the different indicators together with the CBI scoring. The results are 

sorted per city. The maps are presented as smaller quick looks, but the final delivery 

(EO4CBI_Deliverables_Data) also contains the GIS data as well as graphics files with the maps in 

higher resolution. 

 

4.1 BARCELONA 

Indicator 1 – Proportion of Natural Areas 

As per user request, maps for two reference units have been produced, the municipality (core reference 

unit for the CBI) as well as the metropolitan area. In the following tables it is always the municipality 

presented first. 

 

Table 8: Results for indicator 1, Barcelona municipality 
Land cover map  

 

 

CBI value/score 3 points (16%) 
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Table 9: Results for indicator 1, Barcelona metropolitan area 
Land cover map 

 

 

CBI value/score 4 points (34.50%) 

 

 

Indicator 2 – Connectivity Measures or Ecological Networks to counter Fragmentation 

Indicator 2 does not provide any maps as final output of the process. Rather, several input GIS data 

layers are collected and represented in a map (see Figure 11 to Figure 13) which then serves as basis for 

the calculation of the connectivity measure values. Therefore, other than for the three remaining 

indicators only the calculation results are presented here (see the following Table 10, Table 16 and Table 

20). 

 

Table 10: Results of the connectivity analysis for the Barcelona Municipality and the 
Barcelona Metropolitan Area 

Connectivity 

Analysis (Indicator 

2 of CBI) 

Barcelona 

Municipality 

With barriers/ 

Without connectors 

With barriers/ 

With connectors 

Without barriers/ 

Without 

connectors 

Without barriers/ 

With connectors 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Total Connectivity 

(ha) 
Option A: 292.5 

Option B: 294.03 

Option A: 293.03 

Option B: 294.6 
982.6 983.3 

Intra/Within-Patch 

Connectivity (ha) 
Option A: 191.7 

Option B: 192.7 

Option A: 191.7 

Option B: 192.7 
313.5 313.5 

Inter/Between-

Patch Connectivity 

(ha) 

Option A: 100.8 

Option B: 101.3 

Option A: 101.3 

Option B: 101.8 
669.1 669.9 

Total area of 

Natural Areas (ha) 
Option A: 1621.7 

Option B: 1613.3 

Option A: 1621.7 

Option B: 1613.3 
1621.7 1621.7 
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Connectivity 

Analysis (Indicator 

2 of CBI) 

Barcelona 

Metropolitan Area 

With barriers/ 

Without connectors 

With barriers/ 

With connectors 

Without barriers/ 

Without 

connectors 

Without barriers/ 

With connectors 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Total Connectivity 

(ha) 
Option A: 6608.5 

Option B: 6638.6 

Option A: 6608.7 

Option B: 6638.8 
8144.2 8144.4 

Intra/Within-Patch 

Connectivity (ha) 
Option A: 3593.7 

Option B: 3610.0 

Option A: 3593.7 

Option B: 3610.0 
4592 4592 

Inter/Between-

Patch Connectivity 

(ha) 

Option A: 3014.8 

Option B: 3028.5 

Option A: 3015.1 

Option B: 3028.8 
3552.2 3552.5 

Total area of 

Natural Areas (ha) 
Option A: 21937.2 

Option B: 21837.7 

Option A: 21937.2 

Option B: 21837.7 
21937.2 21937.2 

Note: Option A: refers to the situation in which the total area of natural areas (as calculated for indicator 1), not corrected for 

barriers, is used for Atotal in the denominator of the connectivity equation. Option B refers to the situation in which the area 

covered by the barriers (roads and building footprints) is subtracted from the total area of the natural areas (indicator 1) and 

then used as Atotal in the denominator of the connectivity equation. 

CBI value/score Barcelona municipality: 1 point (292.5 ha) 

Barcelona Metropolitan Area: 4 points (6608.5 ha) 

 

Some explanatory remarks have to be given, though, to further provide insight into the output tables 

for indicator 2. The connectivity values were compared between four scenarios. Scenario 1 represents 

the main value of connectivity according to the CBI User’s Manual, including the effect of barriers, but 

without connectors. Connectivity was also calculated for three additional scenarios (scenarios 2-4), with 

and without consideration of barriers and connectors.  

It is very important to use an appropriate denominator (area of natural areas) in the connectivity 

equation in order to be able to compare connectivity values for different scenarios. For example, the 

total area of natural areas in the municipality of Barcelona is 1621.7 ha as determined from the satellite 

images for indicator 1. However, 8.4 ha are in fact covered by barriers, and accordingly, the Atotal in 

option B is 1613.3 ha. We decided to use option A for reporting Atotal for indicator 1 and for calculating 

connectivity to avoid potential confusion caused by using different values of Atotal in indicator 1 and 

indicator 2. Another advantage of option A is that the total areas are the same for all 4 scenarios (while 

in option B they often differ between 1/2 and 3/4) and therefore connectivity values for different 

scenarios can be compared directly. We also report the values of option B in the table as additional 

information that is useful for monitoring changes over time.    

Scenario1 - with barriers, without connectors: 

The value of connectivity for Barcelona Municipality is 292.5 ha with a total amount of 1621.7 ha. This 

value increases to 6608.5 ha for Barcelona Metropolitan Area which has 21937.2 ha of natural areas.  

Even though, the amount of natural areas in Tallinn is three times higher than in Barcelona Municipality 

(4999.5 ha vs 1621.7 ha), connectivity in Tallinn is 280.1 ha, which is slightly lower than in Barcelona 
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Municipality. This indicates that the large amount of natural areas in a city does not always result in a 

higher value of connectivity. However, the existence of barriers and the spatial distribution of natural 

areas in the landscape have direct impacts on connectivity. Finally, there are 7456.3 ha of natural areas 

in Edmonton, and their connectivity is 128.1 ha. 

Scenario 2 - with barriers, with connectors: 

The connectivity for Barcelona Municipality in scenario 2 increases slightly to 293.03 ha. This small 

increase in connectivity of 0.5 ha demonstrates the degree to which connectors advance connectivity in 

Barcelona Municipality. Most of the connectors received from Barcelona were already detected as 

natural areas in indicator 1. Therefore, the effect of the remaining connectors on the value of 

connectivity was not huge in this city. The total connectivity in this scenario for Barcelona Metropolitan 

area, Tallinn and Edmonton are 6608.7 ha, 283.2 ha and 133.3 ha respectively. The strongest effect was 

observed in Edmonton, in which the connectors advanced connectivity value by 5.2 ha.  

Scenario 3 - without barriers, without connectors: 

Connectivity in Scenario 3 exhibits a strong increase compared to Scenarios 1 and 2 in all cities (19% to 

70% higher). In fact, this scenario shows to what degree the barriers hinder connectivity in scenarios 1 

and 2. In this scenario, total connectivity values for Barcelona Municipality, Barcelona Metropolitan 

Area, Tallinn and Edmonton are 982.6 ha, 8144.2 ha, 827.9 and 169.1 ha respectively. 

Scenario 4 - without barriers, with connectors: 

The IND2 value for this scenario represents the maximum possible level of connectivity for each city. If 

all barriers are ignored and connectors are considered as movement routes or stepping-stones between 

primary habitat patches, total connectivity values for Barcelona Municipality, Barcelona Metropolitan 

Area, Tallinn and Edmonton are 983.3 ha, 8144.4 ha, 828.9 ha and 320.1 ha respectively. The 

contribution of connectors is not large, e.g., 0.7 ha in the municipality of Barcelona and 1 ha in Tallinn. 

In Barcelona Municipality, within-patch connectivity is almost two times higher than between-patch 

connectivity (191.7 ha vs 100.8 ha, for scenario 1). In Barcelona Metropolitan Area the degree of 

contribution of within-patch connectivity and between-patch connectivity in total connectivity is closer 

(3593.7 ha and 3014.8 ha respectively, for scenario 1). The largest difference between within-patch 

connectivity and between-patch connectivity was observed in Tallinn (224.99 ha vs 55.1 ha respectively, 

for scenario 1).  

Connectors do not have any effect on the value of within-patch connectivity which measures the 

contribution of all patches individually, (whether connected or not connected to a group of patches) to 

the total connectivity. In contrast, between-patch connectivity changes depending on the existence or 

absence of connectors. 
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Indicator 11 – Regulation of Quantity of Water 

 

Table 11: Results for indicator 11, Barcelona municipality 
Map of permeability 

 

CBI value/score 1 point (38% permeable) 

 

Table 12: Results for indicator 11, Barcelona metropolitan area 
Map of permeability 

 

CBI value/score 3 points (70% permeable) 
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Indicator 12 – Climate Regulation: Carbon Storage and Cooling Effect of Vegetation 

Table 13: Results for indicator 12, Barcelona municipality 
Map of the extent of tree 

canopy cover 

 

CBI value/score 2 points (20.73% tree cover) 

 

Table 14: Results for indicator 12, Barcelona metropolitan area 
Map of the extent of tree 

canopy cover 

 

CBI value/score 3 points (32.44% tree cover) 
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4.2 TALLINN 

Indicator 1 – Proportion of Natural Areas 

Table 15: Results for indicator 1, Tallinn 
Land cover map 

 

CBI value/score 4 points (31.38%) 

 

Indicator 2 – Connectivity Measures or Ecological Networks to counter Fragmentation 

Table 16: Results of the connectivity analysis for the City of Tallinn  

Connectivity 

Analysis (Indicator 

2 of CBI) 

Tallinn 

With barriers/ 

Without connectors 

With barriers/ 

With connectors 

Without barriers/ 

Without 

connectors 

Without barriers/ 

With connectors 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Total Connectivity 

(ha) 
Option A: 280.1 

Option B: 282.6 

Option A: 283.2 

Option B: 285.7 
827.9 828.9 

Intra/Within-Patch 

Connectivity (ha) 
Option A: 224.99 

Option B: 227.01 

Option A: 224.98 

Option B: 227.00 
413.2 413.2 

Inter/Between-

Patch Connectivity 

(ha) 

Option A: 55.1 

Option B: 55.6 

Option A: 58.2 

Option B: 58.7 
414.7 415.7 

Total area of 

Natural Areas (ha) 
Option A: 4999.5 

Option B: 4954.98 

Option A: 4999.5 

Option B: 4954.98 
4999.5 4999.5 

Note: Option A: refers to the situation in which the total area of natural areas (as calculated for indicator 1), not corrected for 

barriers, is used for Atotal in the denominator of the connectivity equation. Option B refers to the situation in which the area 

covered by the barriers (roads and building footprints) is subtracted from the total area of the natural areas (indicator 1) and 

then used as Atotal in the denominator of the connectivity equation. 

CBI value/score 280.5 ha = 1 point 
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Indicator 11 – Regulation of Quantity of Water 

Table 17: Results for indicator 11, Tallinn 
Map of permeability 

 

CBI value/score 3 points (65.92% permeable) 

 

Indicator 12 – Climate Regulation: Carbon Storage and Cooling Effect of Vegetation 

Table 18: Results for indicator 12, Tallinn 
Map of the extent of tree 

canopy cover 

 

CBI value/score 2 points (22.46% tree cover) 
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4.3 EDMONTON 

Indicator 1 – Proportion of Natural Areas 

Table 19: Results for indicator 1, Edmonton 
Land cover map 

 

CBI value/score 2 points (10.67%) 

 

 

 

 

 

 

 

 

 

 



 

DUE INNOVATOR III – EO4CBI 

TECHNICAL SPECIFICATIONS 

Issue: 
Revision:  
Date: 

I1.0 
0 

21.04.16 
 

 

 

57 

Indicator 2 – Connectivity Measures or Ecological Networks to counter Fragmentation 

Table 20: Results of the connectivity analysis for the City of Edmonton 

Connectivity 

Analysis (Indicator 

2 of CBI) 

Edmonton 

With barriers/ 

Without connectors 

With barriers/ 

With connectors 

Without barriers/ 

Without 

connectors 

Without barriers/ 

With connectors 

Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Total Connectivity 

(ha) 
Option A: 128.1 

Option B: 128.5 

Option A: 133.3 

Option B: 133.7 
169.1 320.1 

Intra/Within-Patch 

Connectivity (ha) 
Option A: 80.3 

Option B: 80.5 

Option A: 80.3 

Option B: 80.5 
85.6 85.6 

Inter/Between-

Patch Connectivity 

(ha) 

Option A: 47.8 

Option B: 48.98 

Option A: 53.1 

Option B: 53.2 
83.5 234.5 

Total area of 

Natural Areas (ha) 
Option A: 7456.3 

Option B: 7433.7 

Option A: 7456.3  

Option B: 7433.7 
7456.3 7456.3 

Note: Option A: refers to the situation in which the total area of natural areas (as calculated for indicator 1), not corrected for 

barriers, is used for Atotal in the denominator of the connectivity equation. Option B refers to the situation in which the area 

covered by the barriers (roads and building footprints) is subtracted from the total area of the natural areas (indicator 1) and 

then used as Atotal in the denominator of the connectivity equation. 

CBI value/score 128.1 ha = 0 points 
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Indicator 11 – Regulation of Quantity of Water 

Table 21: Results for indicator 11, Edmonton 
Map of permeability 

 

CBI value/score 2 points (61% permeable area) 
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Indicator 12 – Climate Regulation: Carbon Storage and Cooling Effect of Vegetation 

Table 22: Results for indicator 12, Edmonton 
Map of the extent of tree 

canopy cover 

 

CBI value/score 0 points (8.27%) 
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5 DATA PROCUREMENT PLAN UPDATE 

5.1 SATELLITE DATA 

Upon the submission of a Category-1 proposal (Cat-1 ID 30132) for image access, the EO4CBI project 

got access to an image quota as provided in Table 23 below. 

 

Table 23: Allocated Cat-1 quota 
Sensor Cat-1 Quota 

Spot-5/-6/-7 10 SPOT 5 archive, 10m (all production levels) products archive  

2500km² of SPOT 6&7 6m Color or 1.5m Black&White (all production 

levels), out of which 2500km² of new acquisitions 

ESA SPOT online archive (MS and PAN) 

RapidEye 60 credits for Level 3A tiles (or Level 1B products) 

 

However, during the first year of the project and in correspondence to the surface area sizes of the three 

prototype cities and image availabilities, not the entire quota has been used up. Table 24 below provides 

an overview of the satellite images that have been procured from the quota in that 1-year period: three 

SPOT-5 archive scenes over Barcelona and five RapidEye archive scenes over Edmonton. For the city of 

Tallinn, it was not necessary at all to use any images from the quota because Tallinn is one of the test 

sites that were covered by the SPOT-5 Take 5 experiment6. The SPOT-5 Take 5 experiment was carried 

out during the decommissioning phase of SPOT-5 and aimed at simulating image time series that are 

expected from ESA’s Sentinel-2 mission (10m in multispectral mode). 

 

 

 

 

 

 

 

 

 

 

                                                             
6 https://spot-take5.org/client/#/products/SPOT5  

https://spot-take5.org/client/#/products/SPOT5
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Table 24: Tabular overview of procured EO data 
Image details Quicklooks 

Barcelona 

SPOT-5, 10m, 19/07/2014 

C1F30132_eo4cbi_SPOT5_BCN_SO15014753-3-

01_50442661407191006472J0 

 

SPOT-5, 10m, 24/07/2014 

C1F30132_eo4cbi_SPOT5_BCN_SO15014753-1-

01_50442671407241010271J0 

 

SPOT-5, 10m, 24/07/2014 

C1F30132_eo4cbi_SPOT5_BCN_SO15014753-2-

01_50462671407241010252J0 

 

Tallinn7  

04/05/2015 

SPOT5_HRG2_XS_20150504_N1_TUILE_TallinnEstoniaD0000B0000 

SPOT5_HRG2_XS_20150504_N2A_TallinnEstoniaD0000B0000 

 

19/05/2015 

SPOT5_HRG2_XS_20150519_N1_TUILE_TallinnEstoniaD0000B0000 

SPOT5_HRG2_XS_20150519_N2A_TallinnEstoniaD0000B0000 

 

                                                             
7 The quicklooks only show the image product N1 that was also used for the production. 
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13/06/2015 

SPOT5_HRG2_XS_20150613_N1_TUILE_TallinnEstoniaD0000B0000 

SPOT5_HRG2_XS_20150613_N2A_TallinnEstoniaD0000B0000 

 

03/07/2015 

SPOT5_HRG2_XS_20150703_N1_TUILE_TallinnEstoniaD0000B0000 

 

07/08/2015 

SPOT5_HRG2_XS_20150807_N1_TUILE_TallinnEstoniaD0000B0000 

SPOT5_HRG2_XS_20150807_N2A_TallinnEstoniaD0000B0000 

 

22/08/2015 

SPOT5_HRG2_XS_20150822_N1_TUILE_TallinnEstoniaD0000B0000 

SPOT5_HRG2_XS_20150822_N2A_TallinnEstoniaD0000B0000 

 

Edmonton  

17/05/2015 

1263707_2015-05-17_RE4_3A_314051 
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17/05/2015 

1263807_2015-05-17_RE4_3A_314051 

 

07/07/2015 

1263708_2015-07-07_RE3_3A_314051 

 

07/07/2015 

1263808_2015-07-07_RE3_3A_314051 

 

07/07/2015 

1263908_2015-07-07_RE3_3A_314051 

 

 

5.2 ANCILLARY DATA  

For the two European cities (Barcelona, Tallin) the ancillary data used include the Copernicus Urban 

Atlas (from the local component8) and OpenStreetMaps (roads)9. The Urban Atlas data was used to 

refine the candidate natural areas extracted from the classification of SPOT-5 (Take-5) images. Areas 

overlapping with continuous urban fabric were excluded from the natural areas with the assumption 

that the ecosystems in such areas are intensively managed.  For Barcelona, besides the Urban Atlas and 

the OSM, urban natural parks layer obtained from the city was used to include areas which were 

                                                             
8 http://land.copernicus.eu/local/urban-atlas/view  
9 https://www.openstreetmap.org  

http://land.copernicus.eu/local/urban-atlas/view
https://www.openstreetmap.org/
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otherwise excluded from the produced natural areas layer.   

For Edmonton, the ancillary data used include mainly the OpenStreetMaps (roads, buildings footprint). 

The OpenStreetMaps data were used to refine the level 1 products of candidate natural areas, degree of 

imperviousness and tree canopy cover which were obtained from the classification of and prediction 

from RapidEye images. Since there was no Urban Atlas data for Edmonton, a continuous urban fabric 

was produced from Landsat 8 time series data. Areas overlapping with the produced urban fabric were 

regarded as managed and were excluded from the natural areas layer. In addition, agriculture layer was 

produced from Landsat 8 time series images and was used to exclude croplands from the natural areas 

layer. 
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6 OBSERVATIONS, CONCLUSIONS AND RECOMMENDATIONS 

During the production of the indicators on of the very first issue that pops up is the varying definitions 

of natural areas in the three pilot cities. The CBI User Manual (CBD, 2010, updated 2012 and 2014) 

provides a working definition:  

“Natural areas comprise predominantly native species and natural ecosystems, which are not, or no 

longer, or only slightly influenced by human actions, except where such actions are intended to 

conserve, enhance or restore native biodiversity.” 

 

Natural ecosystem are further defined as areas that have not undergone larger disturbances or have 

been man-made. Examples are forests, mangroves, freshwater swamps, natural grasslands, streams or 

lakes. While generally parks, golf courses, and roadside plantings are not considered as natural, they 

can be included in the computation if they are dominated by native species. Moreover, restoration 

efforts are taken into account.  

It becomes clear, that on the one hand there exists some degree of freedom in this definition, mainly to 

account for geographic, climatological and historic differences of cities across the globe. On the other 

hand, several of the listed exemplary classes (ecosystems) cannot be well captured and distinguished 

from related classes by remote sensing data alone. On top of this general observation, in the framework 

of the EO4CBI the three pilot cities treat classes differently (an issue that is already described in chapter 

5 of the deliverable D1.1 – Requirements Baseline). While, for example, Tallinn considers their coastal 

and beach structures to be natural, Barcelona defines them as man-made. When it comes to information 

retrieval by means of remote sensing data, mapping urban parks as natural areas by means of species 

occurrence or discriminating between tame and wild pastures is almost impossible. It should be noted 

that this issue of course also concerns the validation of the product. From that perspective it would be 

recommended to fine-tune the user manual towards a better streamlining of the definition, which would 

finally also allow for a better comparability between cities concerning their CBI score. 

Looking at the technological means of information retrieval, EO data have the strong advantage of being 

able to capture large regions at the same time (makes them very cost-efficient; which is particularly 

more valid with the launch of Sentinel data that are made available to users free of charge). On the 

flipside, there exist limitations of satellite data (compared to local data) in terms of spatial and temporal 

resolution and, therefore, the capability to capture smaller features. Moreover, satellite data are able to 

capture land cover, but have difficulties in providing reliable information on land use (see the previous 

discussion on the natural areas); proxies have to be used if possible at all.   

While iterating with the users during the production and output review cycles, most of the user cities 

encouraged the integration of local information to make the product more corresponding to the reality 

on the ground. The major problem with this local data integration is the fact that the product would 

then very much resemble the local data and at the same time very much deviate from an EO-based 

product (with the inherent risk of finally overselling EO data). However, the objective of the project, 
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which has been re-iterated by several users during the collection of the user requirements, is the 

evaluation of the added-value that EO data can bring to the production of local data that can be used in 

the framework of the CBI and possibly beyond. This evaluation should both consider the thematic and 

geometric quality of the product, but also the cost-benefit ratio between the project outcome and the 

currently available local data: the project is able to cover large area and deliver a product that is of 

sufficient quality compared to the locally available data to be eligible for further use, considering the 

price advantage that Sentinel data possess.  

During the production and while iteratively exchanging with the users on the quality of the products, 

it was recognised that the users often provided feedback and recommendations for adjusting the 

products for characteristics of the data that are beyond the limit of EO data. Examples of those 

remarks were e.g.: 

 Include urban parks into the natural areas if they contain specific species that have their 
habitat there; 

 Discriminate between tame grassland or pastures (not natural) and natural grasslands 
without anthropogenic impact (natural); 

 Include beaches and coastal areas that are natural and exclude areas that are not natural. 

 

It is obvious that the satellite data used in this project are not able to capture most of those differences 

as they are very much related to land use parameters. It was, therefore, decided to follow a two-step 

approach, that is, create (i) a basic product that is based on satellite data and other publicly-available 

ancillary data (such as OpenStreetMap), and add (if requested and feasible from a data availability 

perspective) (ii) an advanced product on top of it to fulfil some of the requests of the users. However, 

the risk exists that the advanced product in the end very much resembles possible local data sets that 

are already available and does, therefore, not provide a lot of added value. 

 

The quality of the basic products (natural areas, permeable areas, tree canopy cover) produced from 

satellite images depends on the spatial, spectral and temporal resolution of the images. Comparing the 

data used for the three cities, for instance, in the mapping of natural areas, land cover types such as 

grasslands, meadows and pastures resemble annual croplands and it was difficult to detect them from 

single time-step SPOT images available for Barcelona. Since time series data was available for Tallinn, 

mapping of the indicators particularly, the natural areas and permeable areas, was relatively easier 

compared with single time-step SPOT images used for Barcelona.  RapidEye images used for Edmonton 

have advantage over SPOT images due to the high resolution (5m) and availability of more bands (e.g. 

Red-edge band) which enables better detection of the indicators. However, since RapidEye images were 

also available only for the same period, it was necessary to support the analysis with time series Landsat 

images.  

 

Therefore, it was observed that multi-temporal or high spectral resolution images are essential and 
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future availability of time series Sentinel-2 images will have a greater advantage in this regard. However, 

given the limitations in the spatial and spectral resolution of Sentinel-2 images, differentiating trees 

from bushes, shrubs and grasslands remains a challenge for the accurate mapping of indicators such as 

tree canopy cover. It should also be note that selection of Sentinel-2 images for mapping of a particular 

indicator should be based on the local context. For instance, in some tropical cities during dry periods, 

trees appear more green compared with other vegetation; thus, images from dry period could be more 

appropriate for mapping tree canopy cover but this may not be applicable for cities in temperate regions.  

 

Apart from the limitations of the data used, adapting the definitions of the indicators to what is 

detectable by EO data remains a challenge. For instance, natural areas in some cases (e.g. Tallinn) 

include sand dunes which are not easily mapped from EO data. Since definitions vary from city to city, 

developing a uniform standard EO-based method is also a challenge. Accurate mapping of tree canopy 

cover was also not possible just using SPOT and RapidEye images. Thus, the product for tree canopy 

layer includes shrubs, bushes and other vegetation that were difficult to separate from trees. 

Nevertheless, given all the limitations mentioned above the products were produced with an acceptable 

accuracy. The mapped tree canopy cover was 22.46% for Tallinn core city and 20.73% for Barcelona 

core city which is comparable with the results of Copernicus High Resolution tree density layer (16.53% 

for Tallinn and 14.47% for Barcelona). It is likely that Copernicus 20m product underestimates the tree 

cover. 

 

The new method to produce indicator 2 has been incorporated as standard in the user manual of the 

CBI after first attempts by the initial proponents of the Index led to unclear results. However, there 

are advantages as well as disadvantages in the context of its operational implementation that should 

be mentioned:  

 Advantages:  

o Indicator 2 is useful for identifying options to increase the connectivity of natural 

areas within cities and for determining the impacts of development on connectivity.  

o It provides an opportunity to include the effect of barriers in the connectivity 

measurements.  

o It provides a more accurate representation of connectivity than other measures of 

connectivity by accounting for both intra-patch and inter-patch connectivity. Both of 

them must be considered since the persistence of many wildlife populations depends 

on their ability to move between habitat patches and within them. Connectivity 

measures that only measure between-patch connectivity lead to contradictory results 

when patches are fragmented, e.g., when an unconnected patch is split into two 

patches and would now be considered as connected to each other if they are < 100 m 

apart.   
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 Disadvantages/limitations:  

o In the calculation of IND2, attention needs to be given to situations where barriers are 

closer to 50 m buffer of natural area. The 50 m buffer could then overlap with a 

barrier (roads), and even cross the barrier. Therefore, the buffer can sometimes 

connect patches on the other side of the road that are more than 100 m apart from 

each other and are not connected (see chapter B for more detailed information). In 

each city a few errors related to this issue were observed, and subsequently, data was 

corrected manually.  

o Different (groups of) species have different movement distances. Therefore, the 

distance of 100 m does not apply to all species equally. Different species also 

experience differing resistance values of the land cover (Zeller et al. 2012). These 

differences can be included in the method, but then IND2 would consist of different 

values for different (groups of) species.      

 

Therefore, the following recommendations for the future operationalisation of the connectivity 

indicator are given: 

 Given that the objective of IND2 is to maintain practicality and comparability over time, the 

types of fragmentation geometries chosen for each city should be kept consistent throughout 

the time and across space.  

 It is important to use a consistent total size of the natural areas in the denominator of the 

connectivity equation in order to monitor connectivity over time. Otherwise, the connectivity 

that existed to the locations where habitat was lost at a later point in time would not be 

detected by the difference in the indicator: IND2 (time2) - IND2 (time1). Therefore, if the 

connectivity analysis in the first year was done based on subtraction of the area of the barriers 

(fragmentation geometry) from the size of the natural areas (option B in Tab. 3), connectivity 

monitoring for the upcoming years should be done in the same way.  

 A comparison of within-patch and between-patch connectivity is useful for monitoring over 

time to better understand the observed changes (see scenarios in Table 10). 
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