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Abstract 

Urban greenspace has an important role in supporting biodiversity and providing structural 

and functional connectivity between natural habitats. However, the mapping of vegetation in 

urban areas presents challenges, as urban vegetation is highly fragmented and heterogeneous. 

This study compared maps with respect to their strengths and weaknesses in providing 

ecologically relevant information in an urban area with the purpose to find how useful they 

are for local planning. The study took place in the urban part of Dún Laoghaire-Rathdown 

County, Ireland. The maps analysed were the Urban Atlas 2012 provided by Copernicus, the 

Prime 2 database provided by the Ordnance Survey Ireland, and two maps that were generated 

by this project from Sentinel 2 satellite imagery, one which showed vegetation based on 

calculated NDVI and one with four land cover classes calculated with a supervised 

classification. These maps were compared from three points of view: correspondence of 

vegetation classes, structural connectivity, and quality of vegetated areas. Analyses of 

structural connectivity were based on several landscape metrics, one of them was the degree 

of coherence (Cm) which reflects how connected the vegetation patches are in the landscape. 

Definition of quality was based on contextual indicators, such as the proximity to streams and 

areas with high conservation value, and vegetation present on a historical map from the 

1830s. The results showed that the overlap of vegetation between the datasets varies between 

27.0-89.1%. The different datasets definitions of vegetation affect how well they correspond 

in terms of where vegetation can be found. Resolution is also an important factor, as urban 

vegetation patches tend to be small and thus a coarse minimum mapping unit – as is the case 

for the Urban Atlas – masks important information on the configuration of vegetated areas in 

the urban area. The structural connectivity of vegetation differed little between Prime 2 (Cm = 

7.95×10-2%) and the Urban Atlas (Cm = 5.87×10-2%). However, the distance between 

vegetated patches was on average shorter in Prime 2. This suggests that the Prime 2 dataset, 

because of its higher spatial resolution, contains more information on potential stepping 

stones for species to move around the landscape. The distribution of vegetated areas with 

higher contextual quality was mainly close to the boundaries of the urban area. Connectivity 

in a fragmented landscape like this urban study area plays a crucial role in maintaining 

populations of flora and fauna. It is therefore important to consider in the management of 

urban vegetation and in planning for development. This study offers a first insight in the 

structural connectivity of Dún Laoghaire-Rathdown County, which can be used to make more 

informed decisions that will sustain urban biodiversity.  
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1 Introduction 

Biodiversity loss is ongoing all over the world, due to habitat destruction caused by human 

activities. We have altered the way of living, agriculture and silviculture have become 

industrialized, followed by urbanisation. Fragmentation of natural areas is higher in cities 

with high density of settlements, roads and railways. This development is still increasing, 

more than 50 percent of the worlds human population live in urban areas and the urbanisation 

is expected to increase (United Nations 2014). To halt the loss of biodiversity there is a need 

for habitat conservation and restoration, in which urban areas have an important part to play 

(Secretariat of the Convention on Biological Diversity, 2012). 

Botanical studies in urban areas have a long history, but it is not until the 1970’s ecosystem 

research in cities took form, and the idea that urban areas should be included in nature 

conservation (Sukopp 2002). Since then, the studies of urban ecology have increased 

significantly. Habitats found in urban areas are different from more natural habitats in many 

ways, and can be divided into four categories, following how altered they are from their 

natural stage: built habitats, managed vegetation, ruderal vegetation, and natural remnant 

vegetation (Mckinney 2002). Urban vegetation patches tend to be small and very diverse 

types of vegetation can be in close proximity to each other (Ausden 2007; Adler & Tanner 

2013). While in rural areas, there are transition zones (i.e. a gradual change in vegetation) 

between types of vegetation, narrow or no transition zones are found between different types 

of urban vegetation patches or between vegetation patches and built up areas. Urban areas are 

also characterized by fragmentation of habitats. Some of the most evident effects of 

fragmentation are the isolation of populations, a direct loss of habitats due to human activities, 

and a loss of core habitats due to increased edge effects (Jaeger et al. 2011). Isolated 

populations become more vulnerable to disturbances, and hence have a higher risk of 

becoming extinct.  

When talking about fragmentation, the theory of island biogeography and the debate of 

“single large or several small” (SLOSS) reserves are often referred to (Ganzhorn & Eisenbeiß 

2001; Faeth et al. 2011; Niemelä 2014; Fahrig 2017). All habitats can be seen as islands 

surrounded by the matrix, and in the SLOSS debate the arguments have been whether a single 

large patch is better in supporting biodiversity than several small patches that all together 

have the same size as the large patch. Diamond (1975) found that number of species increased 

with the patch area but decreased with isolation. He argued that a large patch better supports 
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biodiversity than small fragmented patches which are isolated from each other and where the 

edge effect on the habitat is higher. However, in a recent review, Fahrig (2017) found that in 

most cases fragmented habitats had a positive effect on biodiversity. This was explained by 

several factors, such as higher functional connectivity, higher habitat diversity, and reduction 

in competition between species. Fahrig (2017) points out that the loss of biodiversity is due to 

the loss of habitats and not necessarily due to fragmentation. However, to support viable 

populations it is important to maintain connectivity between patches.  

Cities have usually been developed in areas that hold a high diversity, such as lake shores, 

coast lines, or areas of diverse geology (Faeth et al. 2011). Given that these areas naturally 

used to be species rich, urban areas today usually hold an extinction debt, which means that 

species currently present in the urban area have a high likelihood to go extinct in the future 

because their populations are too small to sustain themselves (Adler & Tanner 2013). Studies 

on ecological connectivity in urban areas are of great importance to integrate management of 

larger natural habitats with urban planning, instead of treating them as isolated patches from 

their surrounding in order to counteract the extinction of species (Borgström et al. 2012; La 

Point et al. 2015; Yu et al. 2015). There is a distinction between functional connectivity and 

structural connectivity. Functional connectivity is the species ability to move in the landscape, 

while structural connectivity is the spatial configuration and proximity of the 

vegetation/habitats in the landscape and its connectedness (Baudry & Merriam 1988). High 

structural connectivity does not necessarily imply high functional connectivity, as the 

functional connectivity depends on the species you are studying. However, structural 

connectivity is an important concept to implement in landscape planning (Hou et al. 2017), 

and Deslauriers et al. (2017) show that it can be used in analyses that compare different future 

scenarios to optimise the connectedness in urban landscapes. Even though urban habitats have 

lower species richness than natural habitats, they can add heterogeneity to the landscape and 

contribute to connectivity (Goddard et al. 2010; Grant & Samways 2011). Kowarik (2011) 

highlights the importance of including the whole range of urban nature, and not only relicts of 

natural habitats, as they can give important benefits in form of adding connectivity to species 

movement and other ecosystem services. For example, gardens have often been excluded 

from the urban greenspace mainly because they are hard to access and the management of 

them cannot be controlled (Gaston et al. 2005), but there are studies arguing that gardens play 

an important role in biodiversity conservation to minimise the extinction of species (Goddard 

et al. 2010). The knowledge of structural connectivity of urban vegetation tend to be low as 
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there is a lack of proper mapping and classification of urban vegetation. The definition of 

what contributes to vegetated areas in the urban fabric and thus may contribute to the 

maintenance of biodiversity in this fabric is thus a matter of debate still, and assumptions 

made when mapping urban vegetation need further scrutiny.  

In addition to structural connectivity of vegetation, it is important to consider the quality of 

the vegetation. This means that some areas of vegetation have a higher chance to support high 

levels of biodiversity because the vegetation structure provides suitable habitats or because of 

their location adjacent to or in areas of known high biodiversity. This study focused on 

analysing the latter, defining this characteristic of urban vegetation as ‘contextual quality’. 

Higher contextual quality can e.g. be attributed to vegetation in riparian zones or adjacent to 

protected areas/areas with high conservation value. Riparian zones are important connectors 

between terrestrial and freshwater ecosystems, they are often species rich and can function as 

corridors in the landscape (Beger et al. 2010). Areas with high conservation value often 

function as sources of biodiversity to other areas where species can spread (Adler & Tanner 

2013). Another factor that can add to the contextual quality is the history of the area. As 

previous stated, cities have usually been developed in very diverse areas (Faeth et al. 2011) 

and it can be assumed that vegetated areas that have not been built upon or changed radically 

can still hold a high biodiversity today. Thus, while this analysis of contextual quality cannot 

provide functional insights into how the vegetation supports ecological processes, it can give 

some indication as to what parts of urban vegetation may be the most important to maintain 

based on previously established ecological knowledge.  

In Ireland, a national biodiversity action plan has been formulated in order to halt the loss of 

species and habitats (Department of Arts Heritage and the Gaeltacht 2017). Dún Laoghaire-

Rathdown County Council adopted a Green Infrastructure Strategy, GI Strategy based on a 

previous version of the National Biodiversity Action Plan (Carey et al. 2016). The GI 

Strategy does not only mean to enhance connectivity to support biodiversity, but also several 

other ecosystem services, such as water management, recreation, climate change adaptation, 

food, and timber. They have identified greenways and major greenspaces that support the 

green infrastructure in the county, which could connect the rural landscape with the urban 

landscape and the coastal landscape (Carey et al. 2016). To fully integrate the GI strategy, a 

deeper knowledge of how much greenspace there is in the county is needed, as also smaller 

vegetation patches contribute to the ecological functions, in order to estimate the structural 
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and functional connectivity of the vegetation. At this stage, datasets that could provide such 

information are missing. 

1.1 Objectives and research questions 

The overall objective in this study was to compare maps with information on vegetation, 

either freely available or generated in this project, with respect to their strengths and 

weaknesses in describing ecologically relevant characteristics in an urban area.  

The research questions were: 

i) To what extent is there spatial agreement as to where vegetation occurs and how it 

is configured between three different maps? 

ii) How does typology of greenspace and resolution affect analyses of structural 

landscape connectivity in an urban area?  

iii) How does the contextual quality of the vegetated patches vary across the urban 

area? 

2 Methods 

2.1 Study area 

This study focuses on the structural connectivity of urban greenspace within Dún Laoghaire-

Rathdown County, a suburb situated south of Dublin City. The county consists of a varied 

landscape with a coastal marine area in the north-northeast, urban area with parks, sport areas 

and smaller woodlands, which transition into a rural area in the southwest with agricultural 

fields, mountains with grasslands, scrub and woodlands. The study area is delimited towards 

the rural parts and Dublin Mountains (Figure 1) and covers an area of 65.9 km2. The boundary 

of the study area is based on the County Character Zones defined in the County Development 

Plan 2016-2022, and comprises the urban area of the county (Carey et al. 2016). The study 

area is also part of UNESCO designated Dublin Bay Biosphere (DBB), which has the 

objective to support conservation of cultural and biological diversity combined with 

sustainable development, research and education (UNESCO 2017). This part of DBB consists 

of buffer zones where activities compatible with the ecosystem of the core conservation zone 

can support research, monitoring and education, and transition zones where most urban 

activities are allowed, such as residential areas, harbours and industrial areas supporting 

economic sustainable development. These zones should add connectivity and support the 
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conservation of biodiversity in the core area, mainly the coastal zones of the bay, which has a 

strict protection of the ecosystems under National and EU legislation.  

 

  

Figure 1. Location of the study area south of Dublin City, with the centre Irenet ITM co-ordinate E 721098, N 
726613. Source: Ordnance Survey Ireland. 

 

2.2 Datasets 

An overview of the datasets used in this study and how they were analysed can be found in 

Figure 2. To answer the first two research questions three maps were used, two available 

maps, the Urban Atlas 2012 and Prime 2 database, and one map that was produced based on 

normalized difference vegetation index (NDVI) calculated from Sentinel 2 satellite imagery. 

In addition, a fourth map was produced from the Sentinel 2 satellite imagery with a 

supervised classification in order to improve the information of vegetation in one of the 

previous mentioned maps. 
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The Urban Atlas 2012 is produced by Copernicus Land Monitoring Service 2012. It has a 

minimum mapping unit of 0.25 ha for artificial surfaces and 1 ha for agricultural, natural and 

semi-natural areas. Classes of urban vegetation are included in both artificial surfaces and 

agricultural, natural and semi-natural areas. 

The Prime 2 database is produced by the Ordnance Survey Ireland, and contains very detailed 

information on land use, however land cover is not as detailed. Metadata was not provided 

with the dataset and the minimum mapping unit is unclear, however, polygons from the 

classes used in this study can be <1 m2.  

The Sentinel 2 satellite images used in this study had been pre-processed to level-2A when 

accessed through Copernicus Open Access Hub (European Space Agency 2017) and the 

images are taken 17th July 2017 and 8th January 2018 respectively. A level-2A image has been 

processed by radiometric and geometric correction, ortho-rectification and atmospheric 

correction, including cirrus cloud correction (European Space Agency 2018). The classified 

map based on NDVI (process described in section 2.3) calculated from Sentinel 2 has two 

classes: vegetation and non-vegetation, and has a minimum mapping unit of 100 m2. The map 

produced with a supervised classification also has a minimum mapping unit of 100m2 and it 

has four land cover classes: built up, woodland and scrub, grassland, and water.  

To answer the third research question information on the proximity of vegetation to streams, 

areas with known high conservation value, and vegetated areas present on a historical map 

were included. The data on streams was extracted from the Prime 2 database as a polygon 

layer. Areas of high conservation value were based on data from National Survey of Native 

Woodlands 2003-2008, Saltmarsh Monitoring Project 2006-2008, proposed National Heritage 

Areas (pNHA), and Special Protection Areas (SPA), from which areas were found within the 

study area. To identify vegetated areas present on a historical map, the OSi Cassini 6inch map 

from 1829-1842 was used, accessed in ArcGIS through the OSi MapGenie Server. 

Throughout the study the World Imagery provided by Esri & DigitalGlobe (2016), which is 

an ortho photo with a resolution of 0.3 m, was used as a reference to evaluate observations 

made on the maps. 
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Figure 2. Overview of datasets used in the study (blue), how they were prepared (yellow) and what type of 
analyses that were carried out. The numbers by the arrows indicate in which chapter the method is being 
described. 
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2.3 Preparation of datasets and pre-analysis 

An overview of the methodology can be found in Figure 2 to guide the reader through the 

different steps. See further descriptions below. 

2.3.1 Extraction of vegetation 

As this study focuses on the vegetation in the urban area of Dún Laoghaire-Rathdown County, 

the vegetation classes from the respective dataset were extracted. From the Urban Atlas urban 

fabric classes with different degree of built up areas were also extracted, as they contain 

information on the amount of vegetation as well. All vegetation classes from Urban Atlas and 

Prime 2 are listed in Appendix 1.  

In the Prime 2 all gardens are mapped, but they are not part of the vegetation layer. In order to 

compare how the inclusion of gardens to the vegetation layer affected the results from Prime 2 

in the analyses, the class gardens was extracted from the artificial layer in Prime 2. However, 

the class gardens includes both green and non-green gardens. To be able to analyse the 

structural connectivity of vegetation, green gardens were separated from non-green gardens 

by using the vegetation class based on NDVI calculated from the Sentinel 2 dataset (cf. next 

paragraph). The analyses made on Prime 2 vegetation were made with three different 

combinations: Prime 2 vegetation (no gardens included), Prime 2 vegetation & gardens (all 

gardens included), and Prime 2 vegetation and green gardens (non-green gardens excluded). 

The third vegetation layer was based on NDVI calculated from the Sentinel 2 satellite image 

from 17th July 2017. NDVI is a vegetation index that captures the presence of green 

photosynthesizing vegetation by the ratio of reflected light in the narrow range between red 

and near-infrared light (Jensen 2005). NDVI is obtained by equation (1), where ρ is the 

radiant flux of the respective wave length.  

𝑁𝐷𝑉𝐼 =  
𝜌𝑛𝑖𝑟−𝜌𝑟𝑒𝑑

𝜌𝑛𝑖𝑟+𝜌𝑟𝑒𝑑
   (1) 

The Image Analysis window in ArcGIS Desktop 10.5 (Esri 2016) was used to calculate NDVI 

from the Sentinel 2 satellite image, where band 8 is the near-infrared band and band 4 is the 

red band. The output NDVI generate values between -1 and 1, where higher values represent 

green vegetation and low values represent non-vegetated areas. For the analyses, a threshold 

value on the NDVI was used to define two classes, “vegetation” and “non-vegetation”. The 

NDVI values on vegetation are affected by several parameters, such as underlying soil, 

density of canopy, amount of water in the plants and season (Jensen 2005). This results in 
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spatial and temporal variation in the NDVI values for the same vegetation type. Because of 

this, and the fact that different types of vegetation reflect light differently, there is no exact 

threshold value of NDVI that distinguishes vegetated from non-vegetated areas. The mean 

NDVI value for the vegetation was calculated from 104 random points in the study area, 

which were visually identified as vegetation using the World Imagery provided by Esri & 

DigitalGlobe (2016). Several threshold values below this mean value for NDVI and above the 

lower quartile were evaluated visually by overlaying it with the World Imagery to find the 

value which separates vegetation from non-vegetation best. 

To answer the second research question, barriers were extracted from Urban Atlas and Prime 

2 respectively to be included in the structural connectivity analyses. Barriers are defined as 

physical features in the landscape that prevent species to move between two areas (Jaeger et 

al. 2011). In this study, major roads, railways and buildings have been used as general 

barriers, as many animal species would have difficulty crossing these features. This means 

that a species that normally can move between two patches that are 50 meters apart, will not 

be able to do so if there is a barrier between the patches. No barriers could be extracted from 

the Sentinel 2 satellite image.  

The datasets used for the analyses of contextual quality of the vegetated patches had to be pre-

processed before the final analysis step (described in Section 2.4.4). Along the streams a 20-

meter buffer zone was created, and vegetation based on NDVI was identified within the 

buffer. The sites of high conservation value included proposed Natural Heritage Areas 

(pNHA), Special Protection Areas (SPA), woodland habitats from the National Survey of 

Native Woodlands (NSNW), and coastal habitats from the Saltmarsh Monitoring Project 

(SMP). These were extracted from the different datasets and compiled into one shapefile 

before the creation of a 100-meter buffer around their total extent. Vegetation present both on 

a historical map and the World Imagery was identified in the whole study area. These areas 

were digitized by hand as polygons in a shapefile. The three layers were converted into 

separate raster with 1 m resolution for the analysis. 

2.3.2 Supervised classification and improvement of vegetation classes 

Apart from only looking at vegetation in its broadest sense, different vegetation classes were 

used as it may be a more accurate view of the structural connectivity of patches in the 

landscape, since different vegetation classes may provide habitat to different taxa. The focus 

was on the Prime 2 to try to improve the vegetation classes, because Prime 2 has more 
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detailed information on the distribution of vegetation than the Urban Atlas. As the classes in 

the vegetation layer do not hold much information on the vegetation type (Appendix 1), the 

Sentinel 2 satellite imagery was used to define vegetation classes.   

First, a supervised classification was performed on the Sentinel 2 satellite image from 8th 

January 2018, using three bands: near infrared, red and green. Prior to the supervised 

classification four classes were identified in the satellite image and the World Imagery: built 

up, woodland and scrub, grassland, and water. The classes are based on A Guide to Habitats 

in Ireland level 1 classification (Fossitt 2000). The supervised classification was performed 

using the Image Classification toolbar from the Spatial Analyst extension in ArcGIS Desktop 

10.5 (Esri 2016). Within the study area, 123 training samples were collected and then 

assigned to one of the four classes. The training samples were evaluated and edited, and 

thereafter used in the Maximum Likelihood Classification. A post-classification process was 

performed using the Majority Filter tool and manual reclassification of pixels that were 

wrongly classified, mainly pixels classified as water due to shadow. Data to assess the 

accuracy of the classification was collected by visual photo interpretation of 177 random 

points on the World Imagery. Using these data an accuracy assessment was performed on the 

classified output raster where the Producers accuracy, Users accuracy, Overall accuracy and 

Cohen’s Kappa were calculated. The resulting classified map was then overlaid with the 

Prime 2 vegetation layer to assign the level 1 Fossitt habitat classes to this layer.  

2.4 Analyses 

2.4.1 Correspondence of vegetation classification between datasets 

To compare how well the vegetated areas (as defined according to their respective 

classification of vegetation) in the different datasets correspond, four different layers were 

used: Urban Atlas 2012 vegetation, Prime 2 vegetation (no gardens included), Prime 2 

vegetation & gardens (both green and non-green gardens), and classification of vegetation 

based on NDVI calculated from Sentinel 2. The inclusion of both green and non-green 

gardens was due to the fact that they were not distinguished in the Prime 2 dataset and the aim 

was to use the original classes of the maps. No distinction was made between different 

vegetation classes from each map, they were simply treated as vegetation. The 

correspondence was analysed by overlaying the vegetated areas from the different datasets in 

ArcGIS Desktop 10.5 (Esri 2016) and then calculating the percentage of overlapping area. 
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To further explore the correspondence between the Urban Atlas and the Prime 2, a second 

analysis was performed based on urban fabric classes in the Urban Atlas dataset. In the Urban 

Atlas, urban fabric is defined as the built up areas and green areas, such as buildings, roads, 

parks and gardens. The urban fabric is divided into five groups based on their degree of sealed 

soil, which are all buildings, roads and sealed areas. The groups are: >80%, 50-80%, 30-50%, 

10-30%, and <10% of sealed soil. Within the study area there were no areas classified <10% 

sealed soil in the urban fabric, thus this class was not included in the calculations. These 

classes indicate how much vegetation or unsealed soil is found within the classes, for example 

50-80% urban fabric indicate that 20-50% is covered by vegetation or unsealed soil. The four 

urban fabric classes in the Urban Atlas were compared to the Prime 2 vegetation layer, 

including green gardens (non-green gardens were excluded based on the idea that most of 

those gardens would be paved). The percentage vegetation cover according to the Prime 2 

vegetation and green gardens in each urban fabric polygon was calculated using the Tabulate 

intersection tool from the Analysis toolbox in ArcGIS Desktop 10.5 (Esri 2016). The 

polygons within each urban fabric class were then divided into four groups respectively based 

on the percentage vegetation cover, which were the opposite to the urban fabric classes: 

<20%, 20-50%, 50-70%, and 70-90%. An overview of the classes can be found in Table 1. 

Statistical analyses were performed on the results using the software R (R Core Team 2017) 

and a 95% confidence limit. The Wilcoxon signed rank test was used to test if there is a 

significant difference between the Urban Atlas division of urban fabric classes and the groups 

received by the Prime 2 vegetation and green gardens within the different classes. Since 

Wilcoxon signed rank test only shows if there is a significant difference in the ranking 

schemes and doesn’t tell whether there is a similarity between the classifications, Cohen’s 

Kappa of agreement was calculated on the total sample to test if the overall classification of 

the urban fabric classes agrees with the classified amount of vegetation and green gardens in 

the Prime 2 dataset. Cohen’s Kappa compares the observed proportion of agreement with the 

expected proportion of agreement and gives a result less than or equal to 1. A result below 

0.20 indicates poor agreement, while a result above 0.60 indicate good agreement. 
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Table 1. The table below shows the urban fabric classes in the Urban Atlas dataset and the four groups the 
urban fabric polygons were divided into based on the percentage cover of Prime 2 vegetation & green gardens. 

Dataset Less vegetation  More vegetation 

Urban fabric class in the 
Urban Atlas 

>80%  50-80% 30-50% 10-30% 

Coverage of Prime 2 
vegetation & green gardens 

<20% 20-50% 50-70% 70-90% 

 

2.4.2 Analyses on the structural connectivity of urban vegetation 

The second research question was how typology of greenspace and resolution affect analyses 

of structural connectivity. In order to answer this, analyses based on a multi buffer procedure 

described by Hou et al. (2017) were carried out, but in this study  the Aggregate Polygons tool 

from the Cartography Toolbox in ArcGIS Desktop 10.5 (Esri 2016) was used. The difference 

between the two methods is that the multi buffer procedure includes several manual steps of 

buffering and adding barriers to calculate econets which species can use to move between 

core areas, while the Aggregate Polygons tool includes all steps needed to calculate the 

econets, including barriers. An econet is defined by the core areas and stepping stones, and 

the corridors that connect them (Hou et al. 2017). In this study, the core areas and stepping 

stones were defined by the vegetation in the Urban Atlas and Prime 2 datasets, and by the 

reclassified Prime 2 vegetation based on the map created from the supervised classification. 

The latter served to investigate structural connectivity between similar vegetation types. Since 

the ability to move varies between species, the buffer, which is used to aggregate polygons, is 

set to different ranges. In this study the buffer ranges used were therefore: 5, 10, 15, 20, 25, 

50, 75 and 100 m, to enable an analysis on a broader scale. The inclusion of barriers resulted 

in that two patches that were e.g. within 50 m from each other were not connected if there was 

a barrier between them, whereas if there was no barrier present they would be connected. All 

areas contained in the buffer zones that connect patches, that are not contained in the core area 

or the stepping stones are defined as the corridor area in the econet.  

There are a lot of barriers for movement of species in the urban landscape. The effects of 

barriers are different for different species, but in this study, a general approach is chosen 

where major roads, railways and buildings function as barriers, no matter how far a species 

can move. Barriers used in the calculations were obtained from the respective dataset (Figure 

2). On the Prime 2 dataset, two additional analyses on structural connectivity were made, one 

where second-class roads and rivers also were included as barriers together with major roads, 

railways and buildings, and one where vegetation patches smaller than a specified area were 
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excluded from the core area in the analysis. Since Prime 2 includes vegetation patches smaller 

than 1 m2, which are probably too small to function as part of habitats for most species, three 

different smallest patch sizes were used: 4, 16, and 100 m2. The results were then used to 

calculate the landscape metrics. 

2.4.3 Landscape metrics 

Two different metrics have been used in the analyses. To analyse the structural connectivity 

of urban greenspace in Dún Laoghaire-Rathdown County, the fragmentation index effective 

mesh size (MESH) was used. MESH describes the probability of two animals of the same 

species, randomly located in a landscape, to meet without having to cross a barrier (Jaeger 

2000). The calculation of MESH can be explained using an example given by Jaeger et al. 

(2011), where an area of 3600 m2 is divided into three patches that occupy half of the area, 

patch A, and a quarter of the area, patches B and C (Figure 3). The probability that two 

animals, randomly located within the area, are both placed within patch A and thus able to 

meet is (1800/3600) × (1800/3600) = 0.25, and the probability that both animals are placed 

within patch B (or C) is (900/3600) × (900/3600) = 0.0625. The probability that two animals 

are located within any of the three patches is 0.25 + 0.0625 + 0.0625 = 0.375, which is the 

degree of coherence. The effective mesh size is received by multiplying the degree of 

coherence with the total area: 0.375 × 3600 = 1350 m2. Some of the advantages of this index 

is that it is not sensitive to very small patch sizes, able to handle different kinds of 

fragmentation phases and can distinguish spatial patterns (Jaeger, 2000). 

 

Figure 3. An example of a vegetated area that covers 3600 m2 and is fragmented by barriers into three patches. 
This is a conceptual model used to explain the fragmentation metric (cf. text) taken from Jaeger (2011, p. 25).  
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In this study the results are presented as the degree of coherence (Cm) multiplied by 100 to 

receive the percentage (Equation (2)) to easier interpret and compare the results. As 

mentioned above, this index is used on the overall vegetation in the different datasets, and on 

the reclassified vegetation classes in the Prime 2 dataset. As a comparison, this metric was 

also calculated on the vegetation treating the whole area of vegetation as just one patch, to 

give a view of how the amount of vegetation and how dispersed it is affects the fragmentation. 

𝐶𝑚 =  
∑ 𝐴𝑖

2𝑛
𝑖=1

𝐴𝑡
2 × 100   (2) 

Cm: degree of coherence (in percent) 

n: total number of patches 

Ai: area of patch i 

At: total area of the region 

This index focuses on the actual vegetation patches (i.e. the core areas and the stepping 

stones) but can also be used to calculate the fragmentation when using different buffers and 

barriers (described in section 2.4.2) to connect patches (i.e. by including corridors in the 

econet). In this case, the index is called effective connected mesh size (ECMS) but the 

principle is the same (Hou et al. 2017), and I have used the degree of coherence of the econet 

(Ce), see equation (3), to describe structural connectivity.  

𝐶𝑒 =  
∑ 𝐴𝑒𝑐𝑜𝑛𝑒𝑡_𝑘

2𝑙
𝑘=1

𝐴𝑡
2 × 100  (3) 

Ce: degree of coherence of the econet (in percent) 

l: total number of econets 

Aeconet_k: area of econet k 

At: total area of the region 

The second index used is corridor area percentage of the econet (CAPE). When using 

different buffers, corridors are created to connect the vegetation patches into econets. This 

index calculates the percentage of the total econet area that is made up of corridors and is 

given by equation (4).  
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𝐶𝐴𝑃𝐸 =
∑ 𝑎𝑐𝑖

ℎ
𝑖=1

𝐴𝑒
 × 100   (4) 

CAPE: Corridor area percentage of econet (%) 

h: number of corridors in econets 

aci: area of corridor i 

Ae: total area of econets (corridor and vegetation patches) 

 

2.4.4 Raster calculations for contextual quality analysis 

To explore the contextual quality of vegetation patches in the study area, the rasterized layers 

were given criteria for their contribution to the contextual quality and ranked between 0 and 

30 (Table 2). Vegetation that were present within a 20 m buffer zone along a stream was 

given a value of 10, vegetation outside the buffer zone was not included, hence given a value 

of 0. Vegetation within a 100 m distance to areas with high conservation value were also 

given a value of 10, while vegetation further away than 100 m was given a value of 0. 

Vegetated areas with similar type of vegetation present on a historical map and the World 

Imagery were given a value of 10 if the area was not a golf course, if the area was a golf 

course on both the historical map and the World Imagery it was given a value of 5 since golf 

courses generally are intensively managed. All other areas were given a value of 0. Even 

though this does not give a full view of these areas in terms of quality, it still gives an 

indication that they have a potential to support a higher biodiversity. The reclassified rasters 

were added together using the Raster calculator tool in the Spatial Analyst toolbox in ArcGIS 

Desktop 10.5 (Esri 2016), which resulted in a ranking between 0 and 30 (Table 2). The 

highest value (30) was given when all three layers coincided and each of them had the rank 10 

and the second highest value (25) was given when the two layers proximity to streams and 

distance to areas of high conservation value had the rank 10 and the vegetation present on a 

historical map was a golf course and therefore ranked 5, and so on. The resulting raster with 

value 0-30 was then assigned to the vegetation layer based on NDVI. 
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Table 2. Ranking given when the different datasets used for the contextual quality analysis were added 
together. The criteria are based on the proximity of vegetation to streams defined by vegetation based on NDVI, 
the distance to areas with high conservation value, and vegetated areas that are present on both the historical 
map and the World Imagery. Each dataset was first given an individual ranking which was then added together 
resulting in a rank between 0 and 30 according to the table below. 

 Vegetation 

 
Not on historical 
map 

Golf course on 
historical map 

On historical 
map 

>20 m from stream and >100 m from sites of 
high conservation value 

0 5 10 

<20 m from stream or <100 m from site of high 
conservation value 

10 15 20 

<20 m from stream and <100 m from site of high 
conservation value 

20 25 30 

 

3 Results 

3.1 Spatial agreement in vegetation distribution and configuration between the 

maps 

The vegetation in the study area covers 20.2% in the Urban Atlas, 31.0% in the Prime 2 when 

green gardens are not included, and 48.1% in the Prime 2 when green gardens are included. 

The vegetation class based on NDVI is defined by values of 0.60 and above, where the mean 

NDVI value is 0.70 and the lower quartile is 0.55, and covers 38.6% of the study area. 

Results from the percentage overlapping vegetation between the different datasets show that 

81.3-89.1% of the areas classified as vegetation in the Urban Atlas are generally also found in 

the other datasets (Table 3). The differences between Prime 2 and the vegetation class based 

on NDVI varies, depending on if gardens (both green and non-green gardens) are included in 

the Prime 2 vegetated areas or not. 85.4% of the areas classified as vegetation based on NDVI 

are covered by the Prime 2 vegetated areas when gardens are included, while 50.0% of the 

areas classed as vegetation based on NDVI are covered by the Prime 2 vegetated areas when 

gardens are excluded. In summary, the overlap of vegetation between the datasets varies 

between 27.0-89.1%, where only 27.0% of the areas classified as vegetation in Prime 2 

(including gardens) and only 34.1% of the vegetation based on NDVI are mapped as 

vegetation in the Urban Atlas (Table 3, row one). Regarding all datasets, there are areas in 

each dataset that are classified as vegetation, which are not corresponding to the other datasets 

(Figure 4). 
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Table 3. Correspondence of vegetation cover in the different datasets used in this study. The columns show how 
much of the vegetated area in the dataset in the column header is comprised in the dataset that is listed on the 
left-hand side.  

  
Urban Atlas 
2012 

Prime 2 Vegetation 
(including gardens*) 

Prime 2 Vegetation 
(no gardens) 

Vegetation based 
on NDVI 

Urban Atlas 2012 100.0% 27.0% 55.2% 34.1% 

Prime 2 Vegetation & 
gardens 89.1% 100.0% 100.0% 85.4% 

Prime 2 Vegetation (no 
gardens) 84.8% 46.5% 100.0% 50.0% 

NDVI 81.3% 61.7% 77.6% 100.0% 

*The included gardens in the Prime 2 dataset include all the gardens, both green and non-green. 

 

  
Figure 4. Zoomed in on the study area showing a) poor overlap, and b) good overlap between the Urban Atlas 

vegetation, Prime 2 vegetation (no gardens), Prime 2 vegetation & gardens, and the vegetation class based on 

NDVI used in the present study. The darker the green area is the more layers are covering the same area. 

Source: Prime 2 is © Ordnance Survey Ireland. All rights reserved. Licence number 2013/15CCMA/Dun 

Laoghaire-Rathdown County Council. 

 

Two out of four of the urban fabric classes in the Urban Atlas dataset (Table 1) were 

significantly different from the vegetation groups, including green gardens, in the Prime 2 

dataset (Figure 5). Wilcoxon signed rank test gave that there is a significant difference 

between the class Urban fabric 50-80% and the percentage Prime 2 vegetation within those 

patches (V=25387; p<0.001) and between the class Urban fabric 30-50% and the percentage 

Prime 2 vegetation within those patches (V=9297; p<0.001).  

The result of Cohen’s Kappa shows that the agreement between the two datasets is not due to 

chance for three out of four classifications (Table 4). According to Cohen’s Kappa there is 
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good agreement between the class Urban fabric 10-30% and the Prime 2 vegetation cover 70-

90%, fair agreement between the Urban fabric 30-50% and Prime 2 vegetation 50-70%, and 

between Urban Atlas >80% and Prime 2 vegetation <20%, and poor agreement between 

Urban Atlas 50-80% and Prime 2 vegetation 20-50%. 

 

 

Figure 5. Distribution of Prime 2 vegetation (including green gardens) coverage in patches within the different 
Urban fabric classes from the Urban Atlas. The x-axis shows the different urban fabric classes and the y-axis 
shows the percentage of patches within each class that is assigned to the corresponding Prime 2 vegetation & 
green gardens group (Table 1). * indicates a significant (p<0.05) difference between the Urban fabric class and 
the percentage Prime 2 vegetation (including green gardens) within patches belonging to the respective class 
when using Wilcoxon signed rank test. 

 

Table 4. Results of Cohen's Kappa of agreement performed on the Urban fabric classes in the Urban Atlas and 
the corresponding Prime 2 vegetation (including green gardens) cover. Green indicates significance (p<0.05) and 
red indicates no significance. 

Urban fabric class/ 
Percentage vegetation 

Cohen’s Kappa 

K p 

10-30% / 70-90% 0.636 <2.2×10-16 

30-50% / 50-70% 0.201 <2.2×10-16 

50-80% / 20-50% 0.0315 0.271 

>80% / <20% 0.172 5.47×10-10 
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3.2 The effect of greenspace typology and resolution on structural landscape 

connectivity in an urban area 

Overall, the structural connectivity within the study area is very low as the calculated Cm and 

Ce are showing that vegetation patches in the study area are highly fragmented and isolated 

from each other. When calculated on the vegetation treating the total vegetated area as one 

patch, Cm for the Urban Atlas would be 4.08% and 9.67% for the Prime 2 (gardens excluded). 

With the true patch configuration, the vegetation cover in the Prime 2 dataset (gardens 

excluded) has a Cm of 7.95×10-2%, which increases a lot when adding buffers between the 

patches (Table 5). With a 100 m buffer, the corridors stand for almost one third of the total 

econet area (Table 6 and Figure 6). The corridors created when adding 100 m buffers between 

the true configuration the Urban Atlas vegetation patches stand for up to almost 10% of the 

total econet area. This shows that the vegetation patches in the Urban Atlas are far from each 

other and even allowing for use of non-vegetated areas as corridors between them will not 

structurally connect these patches. When green gardens are added to the Prime 2 vegetation 

the Cm increases to 12.0×10-2%, while if the total vegetated area were treated as one patch Cm 

would be 23.1%. It was not possible to create buffers on the Prime 2 dataset with vegetation 

and green gardens due to errors when trying to run the tool. Different approaches were used 

without progress, which is why there are no results for Ce when gardens are included in the 

dataset. The vegetation class based on NDVI shows a higher structural connectivity (Cm = 

89.2×10-2%), however, Ce was not calculated since it was not possible to extract barriers from 

the Sentinel satellite image. 

 

Table 5. The degree of coherence (Cm) and coherence of the econet (Ce) for different buffer ranges calculated 
using the Urban Atlas 2012 and the Prime 2 vegetation classes. The degree of coherence is shown in 10-2%. 

Indices Cm (×10-2%) Ce (×10-2%) 

Buffer range (m) 0 5 10 15 20 25 50 75 100 

Urban Atlas 2012 
Vegetation 

5.87 5.88 7.83 8.87 9.04 9.41 12.6 17.8 25.4 

Prime2 
Vegetation 

7.95 15.3 43.2 86.5 150 475 784 1040 1250 
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Table 6. Corridor area percentage of econet (CAPE) based on different buffer ranges using the Urban Atlas 2012 
and the Prime 2 vegetation classes.  

 

 

 

 

 

Figure 6. Zoomed in on the study area showing the Prime 2 vegetation layer (gardens excluded) and patches 
that are connected with a 100 m buffer distance. The rest is non-vegetated areas according to Prime 2 where 
the distance between the vegetation patches is >100 m. Source: Prime 2 is © Ordnance Survey Ireland. All rights 
reserved. Licence number 2013/15CCMA/Dun Laoghaire-Rathdown County Council. 

 

The addition of extra barriers to the main barriers influences the structural connectivity in the 

Prime 2 vegetation layer. Second class roads increase the fragmentation more (Ce =67.2×10-

2%) than the addition of streams (Ce =323×10-2%), when a 25 meters buffer range is used 

Index CAPE (%) 

Buffer range (m) 5 10 15 20 25 50 75 100 

Urban Atlas 2012 <0.01 0.305 0.453 0.514 0.609 1.84 4.67 9.84 

Prime2 Vegetation 1.72 3.97 7.13 9.82 11.9 19.9 25.3 28.9 
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(Table 7). The usage of a minimum patch size in the Prime 2 vegetation layer had no effect on 

the degree of coherence on the vegetation patches (Table 8). However, there was a slightly 

lower degree of coherence of the econet with a 25 m buffer when the minimum patch size is 

100 m2 compared to when a minimum patch size of 4 m2 or 16 m2 is used. 

 

Table 7. The degree of coherence (Cm) and coherence of the econet with a buffer range of 25 meters (Ce), using 
the Prime 2 vegetation layer with a second barrier added to the main barriers. The degree of coherence is 
shown in 10-2%. 

Added barrier Cm (×10-2%) Ce (×10-2%) 

Streams 7.95 323 

2nd class roads 7.95 67.2 

 

Table 8. The degree of coherence (Cm) and coherence of the econet with a buffer range of 25 meters (Ce), using 
the Prime 2 vegetation layer with a minimum patch size for the vegetation. All patches smaller than the 
minimum size were excluded from the analyses. The degree of coherence is shown in 10-2%. 

Minimum patch size (m2) Cm (×10-2%) Ce (×10-2%) 

4 7.95 423 

16 7.95 421 

100 7.95 391 

 

3.3 Variation in contextual quality of vegetated patches vary across the urban 

area 

The supervised classification of the Sentinel 2 satellite image has the overall accuracy of 

84.2% and the Kappa coefficient is 0.769.  Of all the vegetation classes in Prime 2, the class 

Field pasture had the most varied land cover, where 21.1% was classified as built up, 64.7% 

as woodland and scrub, 13.7% as grassland, and 0.1% as water (Figure 7). The vegetation 

layer in Prime 2 was covered by 22.9% grassland and 57.0% woodland and scrub according to 

the supervised classification (Figure 8). 

Within the study area of Dún Laoghaire-Rathdown County, the structural connectivity 

between the grassland patches is very low (Cm = 0.949×10-2%), but increases slightly when 

adding buffers (Table 9). For the woodland and scrub class, the area of the corridor increases 

from 2% to almost 50% when increasing the buffer from 5 to 100 m (Table 10). 
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Table 9. The degree of coherence (Cm) and coherence of the econet (Ce) calculated for different buffer ranges on 
the Prime 2 vegetation, classified into two classes based on the classified Sentinel 2 satellite image. 

Indices Cm (×10-2%) Ce (×10-2%) 

Buffer range (m) 0 5 10 15 20 25 50 75 100 

Grassland  0.949 0.996 1.01 1.04 1.06 1.11 1.65 2.15 3.08 

Woodland and scrub 1.47 2.93 6.53 9.08 17.6 25.0 124 259 651 

 

Table 10. Corridor area percentage of econet (CAPE) calculated for different buffer ranges on the Prime 2 
vegetation, classified into two classes based on the classified Sentinel 2 satellite image. 

Index CAPE (%) 

Buffer range (m) 5 10 15 20 25 50 75 100 

Grassland  0.950 1.46 2.97 3.98 6.46 18.9 29.1 36.1 

Woodland and scrub 2.03 4.83 9.08 12.2 16.6 32.6 42.6 48.1 

 

The analyse of the contextual quality of vegetation shows that 85% of the total vegetation 

based on NDVI is not located within any of the considered parameters (proximity to streams, 

distance to areas of high conservation value and vegetation present on a historical map). 

Vegetation with contextual quality has a rank between 5 and 30, depending on if it is present 

in one or several of the quality parameters (Table 2). The most frequent rank is 10 which is 

given to 9.0% of the vegetation. The rank 25 and 30 is given to <0.01% of the vegetation, 

which is when the three parameters coincide. 2.6% of the vegetation was given the rank 20 

and 0.20% was given the rank 15. The areas with contextual quality are mainly found towards 

the rural part of the county, with a majority in the south east of the study area (Figure 9).  
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Figure 7. Zoomed in on study area showing the class Field pasture from Prime 2 that has been reclassified based 
on the supervised classification performed on the Sentinel 2 satellite image. Source: Prime 2 is © Ordnance 
Survey Ireland. All rights reserved. Licence number 2013/15CCMA/Dun Laoghaire-Rathdown County Council. 

 
 

  
Figure 8. Zoomed in on study area showing the reclassified Prime 2 vegetation layer, based on the classified 
Sentinel 2 satellite image. a) Grassland with a 100 m buffer distance between the patches. b) Woodland and 
scrub with a 100 m buffer between the patches. The rest is other land cover where distance between the 
vegetation patches is >100 m. Source: Prime 2 is © Ordnance Survey Ireland. All rights reserved. Licence number 
2013/15CCMA/Dun Laoghaire-Rathdown County Council. 
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Figure 9. Map of vegetated areas based on NDVI showing contextual quality ranking of vegetation based on 
following parameters: distance to sites of high conservation value, riparian zone (within 20 m of streams), and 
vegetation present on a historical map (Table 2). SPA stand for Special Protection Areas of which there is one 
(part of South Dublin Bay and River Tolka Estuary SPA) within the study area, and pNHA stand for proposed 
Natural Heritage Areas, known but not yet protected sites. 
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4 Discussion 

4.1 Comparison of the maps and their usefulness for ecological studies 

The three datasets used to analyse the correspondence of vegetation in the study area (Urban 

Atlas 2012, Prime 2, and the vegetation class based on NDVI) show distinct differences on 

percentage overlap between their respective vegetation class (Table 3). This can have several 

reasons. One could be since their resolution and the definition of vegetation classes differ: the 

Urban Atlas has a minimum mapping unit of 0.25-1 ha, which means that it masks important 

information on the configuration of vegetated areas in the urban area. Prime 2 is much more 

complex, it has a more detailed spatial resolution and includes vegetation patches that are <1 

m2, while the semantic resolution varies between the classes. However, too small patches 

have little contribution when it comes to ecological information and mapping habitats. Kent & 

Coker (1994) recommend a size between 1-2500 m2 when mapping habitats, where they state 

that grasslands should be mapped at 1-4 m2 while woodlands need to be mapped at 400-2500 

m2, and urban vegetation should be mapped in the lower range of that scale. The vegetation 

class based on NDVI has a minimum mapping unit of 100 m2, but still captures vegetation not 

depicted in the Prime 2. Scale and resolution are always important to consider and are 

dependent on the aim of a project.  

When it comes to classification/definition of vegetation in the three datasets, there are some 

obvious differences. For example, cemeteries are included in the vegetation layer of Prime 2 

and Urban Atlas. For most of the cemeteries in Dún Laoghaire-Rathdown County, this is in 

correspondence with the vegetation class based on NDVI, but Dean's Grange Cemetery 

(which is the biggest in the county) has very little green vegetation according to the vegetation 

class based on NDVI which is also seen just by looking at the ortho photo. The class Field 

pasture in Prime 2 is also a cause to the bad overlap between Prime 2 vegetation and the 

vegetation class based on NDVI, since some of the Field pasture patches include built up 

areas (Figure 7).  

Another class that is not very clear about the level of vegetation is Gardens in the Prime 2 

dataset. The class is not included in the vegetation layer, it is instead part of the artificial 

layer, but the change from 50.0 % to 85.4 % of the area covered by the vegetation class based 

on NDVI that is also covered by Prime 2 when gardens are included shows that gardens in 

fact contain a major share of vegetation (Table 3). Since gardens can play a key role for the 

structural connectivity of urban vegetation when managed properly (Goddard et al. 2010), 
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knowledge of vegetation in gardens can be valuable when looking at structural and also 

functional connectivity. Smith et al. (2005) state that stakeholders for urban development 

have a crucial role for gardens contribution to urban greenspace, densification often comes 

with the loss of greenspace and leads to smaller garden sizes. Even though it is difficult to 

influence the management of private gardens, I still think it is of value to differentiate 

between green gardens and non-green gardens as it would give more information of urban 

greenspace at a landscape level. 

Even though there are differences in the vegetation regarding both extent and typology 

between these maps, the correspondence of 81.3-89.1% with the vegetation in the Urban Atlas 

and the other datasets (Table 3) indicates that larger vegetated areas are classified as 

vegetation in all the datasets to a greater extent than small patches of vegetation. In the GI 

Strategy of Dún Laoghaire-Rathdown County (Carey et al. 2016) recreation is mentioned as 

one important ecosystem service that can be measured by how far from the nearest park 

people live. Both the Urban Atlas and the Prime 2 could be used to identify the parks and the 

user could be assured that they are classified correctly.  

The areas surrounding the vegetation (matrix) is not always hindering movement of species, 

many species can use the matrix to move between their core areas. The classification in the 

Urban Atlas has a matrix that could support such movement, as more patches than those 

explicitly defined to a vegetation class tell us something about the vegetation in the area. The 

urban fabric classes indicate the degree of built up in relation to the vegetation and unsealed 

soil in the area. The class Urban fabric 10-30%, which would have 70-90% vegetation and 

bare soil cover, corresponds best to the coverage of vegetation in Prime 2, while the two 

middle classes, Urban fabric 30-50% and Urban fabric 50-80% have poor correspondence 

(Figure 5). However, Cohen’s Kappa shows that the agreement between the urban fabric 

classes and the percentage of vegetation in Prime 2 in those patches is not due to chance for 

three of the pairs (Table 4). One reason for the poor correspondence in the two middle classes 

may be that they are the two most common urban fabric classes and therefore the differences 

of classification in Urban Atlas and Prime 2 becomes more visible. Another reason could be 

that the comparison was made only with vegetated areas in the Prime 2 and not including 

other unsealed soil which was included in the definition of the urban fabric classes. Haaland 

& van den Bosch (2015) mention that to preserve the urban greenspace during densification 

we need to know how much there is and where it is. The mixed land cover classification in the 

Urban Atlas is therefore rather unsatisfactory from an ecological point of view, with little 
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information on proportion vegetation in the unsealed areas and on the location of these 

unsealed areas. 

4.2 Classification and scale affect landscape fragmentation and structural 

connectivity 

It may be easy to say that an urban area is a fragmented landscape, but it is much more 

difficult to say how fragmented it is. It all depends on what parameters are used in the 

calculations and the scale and detail of your data. The results in this study show just a small 

difference in fragmentation between the Urban Atlas (Cm = 5.88×10-2%) and Prime 2 without 

gardens (Cm = 7.95×10-2%) when no buffer is added (Table 5), even though Prime 2 

vegetation covers 10.8% more area. This can be compared to the increased Cm at 12.0×10-2% 

when adding the gardens to the Prime 2 vegetation. The reason for just a small change in Cm 

between the two datasets could be because of the higher resolution in the Prime 2 dataset, 

which includes smaller vegetation patches, some are even smaller than 1 m2. Both size and 

number of patches influence the Cm (Jaeger 2000). Many small patches indicate a high 

fragmentation, which could explain why there is a change of just 0.02 percentage points 

between the two datasets even though the total vegetation area in the Prime 2 is a lot greater. 

This is explanation is also supported by the result when the vegetated area is treated as one 

patch (Cm=9.67% for the Prime 2 vegetation without gardens) which increases the structural 

connectivity, and the vegetation patches in Urban Atlas are more similar to this configuration 

with fewer and larger vegetation patches. Even though there are only six patches that are 

smaller than 1 m2, it is questionable why the Prime 2 vegetation layer includes such small 

patches as they do not provide any useful information. Even with the exclusion of small 

patches Ce increased more for the Prime 2 vegetation than the Urban Atlas vegetation when 

aggregating the patches with the specified buffer ranges (Table 8). Small patches can function 

as stepping stones for species that are able to move between habitats and thus add 

connectivity (Hou et al. 2017). In this view, the vegetation areas in the Urban Atlas are much 

more isolated since there are few stepping stones that can act as connecting corridors. This is 

also supported by the CAPE index which is a lot higher for the structural connectivity in 

Prime 2 (Table 6), which means that the Prime 2 patches have shorter distances between 

them, hence this layer contains more information on potential stepping stones. However, it is 

not always the case that landscapes with a high Ce have a high CAPE index. When the Prime 

2 vegetation was reclassified into grassland and woodland and scrub, the Ce for grassland 

was low even with a 100 m buffer (Table 9) and CAPE was high (36%). This relationship is 
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also found in a study made by Hou et al. (2017). This indicates that the grassland vegetation is 

highly fragmented with small patches, but the patches are quite evenly distributed in the 

landscape and thus the corridors stand for more than a third of the total econet area (Figure 8). 

However, it is important to have in mind that using only two classes of vegetation is very 

coarse and many small areas of grassland, for example road verges and lawns in gardens 

which are important for structural connectivity, are not captured by the classification. 

My results on the degree of coherence may seem very low, almost too low, but since it is an 

urban area that I have studied where less than 50% is vegetation, it might have been better to 

only count the area that is vegetated as the total area and exclude the rest in the calculations. 

But in this study the focus was to compare the datasets which is possible to do even with very 

low results. This fragmentation index has been shown to be useful from the national level 

down to local level in an urban area (Jaeger et al. 2011; Pătru-Stupariu et al. 2015; 

Deslauriers et al. 2017). One of the studies stresses the importance of using local and updated 

data to get the most accurate information of fragmentation, especially when it is caused by 

transport infrastructure (Pătru-Stupariu et al. 2015). In this sense the Urban Atlas may not be 

optimal to use since it is from 2012. Deslauriers et al. (2017) compare several different 

scenarios and conclude that the fragmentation metric is very flexible and the parameters you 

use for the calculations must suit your purposes. If a certain species is studied, the choice of 

natural areas, connecting patches, barriers and their ability to move between patches needs to 

be specified. The datasets used in this study on their own do not hold enough information to 

study the connectivity for a certain species, as they do not hold information on habitat types. 

Barriers identified in the landscape affect the structural connectivity. In this study major 

roads, railways and buildings were used as barriers. These barriers were also used in another 

study on structural connectivity in an urban landscape (Deslauriers et al. 2017), however, 

Jaeger et al. (2015) identifies that there are both man-made barriers and natural barriers that 

need to be considered. Again, it depends on the study and if a certain study species is used the 

choice of barriers should be made based on its ecological preferences. Since the analyses in 

this study had a general approach, the selection of barriers was based on the idea that most 

animals, apart from birds, would have difficulty to cross them. 

4.3 Quality and function of the vegetated areas  

In most ecological studies, only looking at structural connectivity of vegetation is not enough, 

it is important to also consider the quality of the vegetation. All green patches have been 
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treated the same in this study, but of course they differ a lot in their structure and composition. 

If one habitat is woodland, and the adjacent habitat is arable field, there is not necessarily a 

good connectivity between the two if you are looking at habitats for a woodland specialist 

species. As neither of the Urban Atlas nor Prime 2 have real land cover classes, but rather 

land use classes defined as vegetation classes, they cannot be used for more detailed 

ecological analyses, e.g. species movement or quality of the vegetation. The classification of 

the Sentinel 2 satellite image into four classes was made to overcome some of these issues 

and to improve the information in the Prime 2 vegetation. Prime 2 was used as it has the best 

potential for ecological studies since it is mapped with more detail than the Urban Atlas. 

However, the Sentinel 2 satellite image has quite a coarse resolution for classification of an 

urban area, which makes it difficult to get a detailed classification, and with no available 

object height data it is difficult to distinguish between scrub and trees, therefore I was only 

able to distinguish four classes. The reclassified Prime 2 vegetation got improved in terms of 

land cover as built up areas could be excluded, and grassland and woodland/scrub could be 

separated which was not possible based on the original Prime 2 classes before they were 

reclassified (Figure 7). The classified map from Sentinel 2 included the class water, however, 

the water found in the Prime 2 vegetation layer was mainly due to misclassification in the 

Sentinel 2 as shadows may appear to be water. Some additional information was lost, road 

verges and medians are too small to be captured by the classified map from Sentinel 2.  

Streams are considered important as corridors since the riparian zones usually support a high 

biodiversity (Beger et al. 2010). In this study, the streams in south east of the study area 

seems to have a higher potential to function as corridors compared to streams in other areas. 

The streams in south east have a high amount of vegetation in close proximity and are 

structurally connected to sites with high conservation value in the east along the coast, still, 

not all the vegetation that structurally connects the areas is within riparian zones, short 

distance to sites of high conservation value or found on the historical map (Figure 9), and 

therefore it has the contextual quality rank 0. In contrast, the streams in the more central and 

western region of the urban area have little vegetation surrounding them. Another problem in 

the more central parts is that many of the streams are culverted (Carey et al. 2016), hence 

potential corridors are lost. However, regional boundaries such as the county boundary does 

not show us the whole truth of the structural connectivity in the landscape. In the north, the 

county boundary is partly along the river Dodder which has a potential function as a corridor 

(Figure 9).  
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Areas of vegetation that were present on the historical map correspond in some places to the 

areas pointed out to have high conservation value, which indicate that these areas have a high 

conservation value due to a long continuity. All the indicators used for contextual quality, 

riparian zones, distance to sites of high conservation value, and vegetated areas present on 

both a historical map and modern ortho photo are valuable to consider when planning for both 

structural and functional connectivity.  

The importance of urban greenspace for biodiversity and connectivity, as well for the 

wellbeing of people is becoming more established (Farinha-Marques et al. 2011; Grant & 

Samways 2011; Kowarik 2011) and is being implemented in local plans, such as Dún 

Laoghaire-Rathdown County Council’s GI strategy (Carey et al. 2016). To be able to create a 

green infrastructure that is supporting a high biodiversity, it is also important to change the 

view of urban greenspace as isolated patches in a built-up environment and integrate it with 

the rest of the urban landscape. Of the vegetated area based on NDVI, 85.7% does not 

coincide with any of the contextual quality parameters, it is necessary that these areas are 

managed to support biodiversity and to further improve the connectivity. The Prime 2 

vegetation needs to be improved, for example with a subcategory to the existing classes based 

on a land cover classification. As Fossitt's (2000) habitat classification is the most widely 

used in Ireland it would be good to implement those classes in the Prime 2. To gain more 

knowledge of the vegetation types, a field survey or a thorough 3D air photo interpretation 

with colour infrared images of 0.25-0.5 m resolution needs to be performed, again, this shows 

one of the weaknesses with the Prime 2 and the Urban Atlas dataset 

4.4 Conclusions 

This study shows that there is a clear difference in the definition of vegetation between the 

datasets used and that this has implications for the analyses using them. Larger vegetated 

areas, such as parks, are to a greater extent classified correctly in all the maps. It is also 

evident that gardens hold a major share of the urban vegetation in Dún Laoghaire-Rathdown 

County. 

Connectivity in a fragmented landscape like this urban study area plays a crucial role in 

maintaining populations of flora and fauna, however, the choice of data affects the outcome of 

analyses on structural connectivity of vegetation. While the Urban Atlas is lacking a lot of 

greenspace, Prime 2 contains more information of potential stepping stones for the movement 

of species in the landscape but the Prime 2 dataset also includes too small patches, that may 
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not have an ecological function as stepping stones. As the vegetation classes in Urban Atlas 

and Prime 2 are mainly defined by the land use it is difficult to use them accurately to 

describe structural connectivity of the vegetation. 

The usage of contextual quality of vegetation gives an indication on where management to 

preserve and enhance connectivity should be made in the landscape. The distribution of areas 

with higher contextual quality is mainly close to the boundaries of the urban area. Riparian 

zones are examples of vegetation with contextual quality and in the south east of the study 

area streams have a high potential as corridors, whereas streams in the central region are 

isolated by built up areas. This study offers a first insight in the structural connectivity of Dún 

Laoghaire-Rathdown County, which can be used to make more informed decisions that will 

sustain urban biodiversity and to more extended mapping of vegetation types and structural 

connectivity. 

4.5 Future work 

Future work should try to implement Fossitt's (2000) habitat classification to the Prime 2 

dataset as it would significantly enhance its potential to become an important tool in the 

Green Infrastructure strategy. To identify habitats, a combination of remote sensing with 

supervised classification of satellite images together with object height models and 3D air 

photo interpretation with images of 0.25-0.5 m resolution could be a way forward. The 

mapping of habitats should be clearly defined by stakeholder consultation. 

It would also be of value to analyse the fragmentation in different sub-regions within the 

study area to identify where management to enhance structural connectivity can be 

implemented. Analyses on different future scenarios of development and how it would affect 

the structural connectivity can be made using the fragmentation index effective mesh size. 

Since this study has not been complemented with field survey, some of the results would need 

to be verified to improve their application to future work. The created map showing the 

distribution of vegetation with contextual quality (based on proximity of vegetation to 

streams, sites of high conservation value and vegetation that was present on a historical map) 

should be complemented with a field survey as the quality of these areas (apart from sites of 

high conservation value) has not been verified. As road verges and other linear shaped 

vegetation features could function as wildlife corridors, a survey focusing on these areas 

would give knowledge of their contribution to connectivity, since not all are of good quality 

as they often are intensively managed or can be invaded by invasive species. 
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7 Appendix 

Appendix 1: Overview of all the datasets that have been used to carry out the analyses in the 

present study. 

Dataset Used classes Resolution Year Source 

Urban Atlas 2012 11100 Continuous urban 
fabric (S.L. >80%) 

11210 Discontinuous dense 
urban fabric (S.L.: 50-80%) 

11220 Discontinuous medium 
density urban fabric (S.L.: 
30-50%) 

11230 Discontinuous low 
density urban fabric (S.L.: 
10-30%) 

12210 Fast transit roads and 
associated land 

12230 Railways and 
associated land 

14100 Green urban areas 
14200 Sports and leisure 

facilities 
23000 Pastures 
31000 Forests 
32000 Herbaceous vegetation 

associations 

0.25 ha for 1000 
classes, 1 ha for 2000 
and 3000 classes 
 
 
 
 
 
 

2012 Copernicus Land 
Monitoring Service 
2012, European 
Environment 
Agency (EEA) 

Prime 2 database Artificial layer 
551 Garden 
561 Rail bed 
Building_poly 

Vegetation layer 
65 Burial Ground 
83 Cemetery 
213 Graveyard 
268 Managed Woodland 
277 Median 
319 Grassland Pasture 
331 Field Pasture 
497 Unmanaged Woodland 
534 Field Rough Pasture 
542 Bowling Green 
560 Pitch GAA 
568 Rail Verge 
572 Road Verge 
573 Roundabout 
586 Traffic Island 
595 Grassland Rough 
Pasture 
598 Green Space 
599 Parkland 
605 Sports Ground 
615 Golf Course 
617 Pitch and Putt 

No information 2014 ©Ordnance Survey 
Ireland. All rights 
reserved. Licence 
number 
2013/15CCMA/Dun 
Laoghaire-
Rathdown County 
Council 
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Dataset Used classes Resolution Year Source 

632 Not Applicable 
Way layer 

266 Main road 
409 Second class 

Water Layer 
324 River 
390 Streams 

Sentinel 2 satellite 
image 

 10 m 2017 Copernicus 
European Space 
Agency (ESA) 

Sentinel 2 satellite 
image 

 10 m 2018 Copernicus 
European Space 
Agency (ESA) 

World Imagery  0.3 m 2016 Esri, DigitalGlobe 

OSi Cassini 6inch  1:10560 1829-
1842 

Ordnance Survey 
Ireland (OSi) 

National Survey of 
Native Woodlands 
2003-2008 

 20 m 2010 National Parks and 
Wildlife Service 
(NPWS) 

Saltmarsh 
Monitoring Project 
2006-2008 

 10-100 m 2011 National Parks and 
Wildlife Service 
(NPWS) 

Proposed National 
Heritage Areas 
(pNHA) 

 1:10560 2011 National Parks and 
Wildlife Service 
(NPWS) 

Special Protection 
Areas (SPA) 

 1:10560 2017 National Parks and 
Wildlife Service 
(NPWS) 
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