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Abstract 

Urban green spaces (UGS) such as parks, forests, green roofs, streams, and community gardens provide a broad range 

of ecosystem services (urban heat mitigation, stormwater infiltration, food security, physical recreation, and 

psychological well-being of residents). Proper evaluation and inter-city comparison of UGS, therefore, requires not 

only information on its relative quantity, but also a closer examination of UGS in terms of quality and related 

ecosystem services, which can be derived from its land cover composition and spatial structure. Here we present an 

approach to UGS extraction from newly available Sentinel-2A satellite imagery, provided in the frame of European 

Copernicus program. The multispectral imagery includes 13 spectral bands (from visible, through near-infrared to 

short wave infrared bands) with high spatial resolution (from 10 m to 60 m) and frequent revisit time (currently around 

ten days). Supervised maximum likelihood classification was used to identify UGS polygons. For the purpose of their 

classification the nomenclature was defined, and each UGS polygon was assigned to one of the 15 classes. To assess 

which ecosystem services may be linked to the identified UGS patches, each class is further described by the proportion 

of tree canopy. Aerial orthophotos are used along the classified Sentinel images to support this goal. 

Keywords: Urban green spaces, Sentinel-2A, classification, land cover, remote sensing 

INTRODUCTION 

The diversity and quality of urban green spaces (UGS) such as parks, forests, green roofs, streams, and community 

gardens are tightly linked to human well-being as UGS provide a number of benefits (ecosystem services) for people. 

The crucial ecosystem service of urban vegetation is its regulatory effect on the urban micro-climate (Lehman et al. 

2014), other relevant benefits are stormwater infiltration, food security, physical recreation, and psychological well-

being of residents (Wolch et al. 2014, Tzoulas et al., 2007, Niemelä 2014).  

By definition, ecosystem services have societal relevance: they provide benefits that humans want or need. These 

desired outcomes (improving air quality, decrease the volume of stormwater runoff, air temperature regulation, etc.) 

must be identified and compared to the current potential of the UGS. Knowing the current potential (quantity, quality, 

and spatial distribution of UGS)  is therefore a vital a first step in planning and realization of improved urban greenery 

designs. 

Urban vegetation is significantly different from (semi-)natural vegetation because of intense human impact. For 

instance, compared with forests, urban vegetation cover is much more divided and fragmented by impervious land 

cover, exposed to polluted air, and specific microclimate (the urban heat island phenomenon – UHI). Vegetation within 

densely built-up areas is vulnerable and often relies on human maintenance, irrigation, and fertilization. The 

impervious-vegetated mix is heterogeneous at much finer spatial scale in urban landscape than elsewhere. This poses a 

challenge also for classification of urban land cover using medium resolution satellite imagery, such as the widely used 

Landsat TM/ETM and SPOT imagery (Nichol and Lee 2005). The heterogeneity demonstrates itself in a higher 

proportion of so-called mixed pixels (compared to rural landscape) when sensed at 20 m – 30 m spatial resolution. 

As a result, for a long time, conventional methods of mapping urban vegetation have relied on a visual interpretation of 

analog aerial images and fieldwork. Later on, digital RGB or CIR (color infrared) aerial imagery with high spatial 

resolution has been employed. The drawback of such data sources is that they have inferior spectral bandwidth and 

resolution compared to multispectral satellite data, which limits the feasibility of automatic classification methods. 

Also, the temporal frequency of aerial remote sensing is in practice lower due to high cost.  

More recently developed very high resolution (VHR) satellite remote sensing systems (IKONOS, QuickBird, GeoEye, 

RapidEye, WorldView, Pleiades) are capable of providing imagery with similar detail to aerial photography and they 

mailto:rosina@gmail.com


Proceedings, 6th International Conference on Cartography and GIS, 13-17 June 2016, Albena, Bulgaria 

ISSN: 1314-0604, Eds: Bandrova T., Konecny M. 

563 

offer opportunities to overcome the lack of reliable and reproducible information on urban vegetation across large areas. 

Chengqi et al. (2003) have studied the application of IKONOS images in Xiamen City on urban vegetation cover and 

discussed the difference between VHR images and traditional classification of coarser spatial resolution images. Nichol 

and Lee (2005) have used multispectral IKONOS images to quantify urban vegetation using two parameters: vegetation 

cover and vegetation density. Tigges et al. (2013) have investigated different spectral and temporal band combinations 

of five RapidEye images acquired during the phenological season and proposed tree genera classification in an urban 

environment. The drawback of VHR satellites is their narrow swath and therefore limited coverage of the Earth’s 

surface. The VHR satellites are commercially oriented services, i.e. the acquisitions are based on demand, and the cost 

is relatively high. The latest technology available for UGS mapping is unmanned aerial vehicles (UAVs) capable of 

mapping at ultra-high spatial resolution due to the low altitude acquisition (Feng et al. 2015) as well as constellations of 

small satellites (CubeSats) such as the one owned by Planet Lab company. 

Monitoring of UGS by European Copernicus services 

Pan-European harmonized land cover/land use databases derived from satellite images also provides information about 

UGS spatial structure. Alavipanah et al. (2015) analyzed the role of vegetation in mitigating urban land surface 

temperatures based on data derived from CORINE Land Cover database. Another data source for urban greenery 

assessment provides Urban Atlas – a database based on satellite images with a 2.5 m spatial resolution. Comparable 

land use data are available for all of the European core cities and respective larger urban zones with more than 100,000 

inhabitants. For example, Cvejic et al. (2015) have calculated the total amount of the land use classes per city and the 

per capita values of green spaces provision on city level using Urban Atlas data and population data. However, Niemela 

(2014) underlined the importance of developing new tools to detect and measure green infrastructure. 

To study the impact of green infrastructure on biodiversity and UHI mitigation, current information about the quantities, 

qualities, and configuration of UGS are needed. The most recent data on land cover, including urban green spaces, are 

available from Sentinel-2A (S2A), a high-resolution optical Earth observation mission developed within the Copernicus 

program (previously called GMES). The program is a joint initiative of European Commission and European Space 

Agency to establish a European capacity for the provisioning and use of information for environmental monitoring and 

security applications. Fletcher (2012) provides an overview of this mission, including the technical concept, image 

quality, and operational applications. S2A multispectral imager is covering 13 spectral bands with a swath width of 290 

km and spatial resolutions of 10 m (three visible and a near-infrared band), 20 m (6 red-edge/shortwave infrared bands) 

and 60 m (3 atmospheric correction bands). The mission is intended to monitor variability in land surface conditions, 

and its wide swath width and high revisit time (10 days with one satellite and five days with two satellites after 

Sentinel-2B is launched in 2016) will support monitoring of changes to vegetation within the growing season. It also 

provides data and applications for operational land monitoring, emergency response, and security services. The 

coverage limits are from between latitudes 56° south and 84° north. According to Drush et al. (2012), the mission 

objective is to provide systematic multispectral imaging for: 

 land cover, land use, and land-use change detection maps 

 maps of biogeophysical variables such as leaf chlorophyll content, leaf water content, leaf area index (LAI) 

 risk mapping 

 acquisition and rapid delivery of images to support disaster relief efforts. 

The objective of this contribution is to explore the potential of S2A satellite imagery for UGS mapping at the city level 

and to illustrate a procedure of UGS extraction and classification. UGS mapping can be defined as the identification of 

land cover types over urban vegetated areas. Each type of land use is linked to specific patterns of built-up and greenery 

or other natural surfaces (e.g.,. water) which can be defined by their size, location, and structure. Lehman et al. (2014) 

recognized 13 main categories of urban vegetation structure types (UVST) that were divided into 57 subcategories by 

considering the structural parameters of building and greenery. Ahern et al. (2014) presented a set of indicators and 

metrics that have been used to assess ecosystem services in urban settings. The UGS classification presented in this 

contribution is based on land use context since linking urban greenery physical structure and its function is crucial for 

further identification of the urban ecosystem services. 

DATA AND METHODS 

Input data 

S2A data are available from mid-2015 from the Copernicus Sentinels Scientific Data Hub (scihub.copernicus.eu/dhus). 

The highest processing level available for download is 1C – radiometrically corrected and orthorectified images. For 

further processing, all 13 contained spectral bands should be resampled to the highest of the resolutions (10 m), which is 
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native only for blue, green, red, and one of near-infrared bands). A true color (red-green-blue) composite from S2A data 

is displayed in Figure 2a. 

Since the proposed classification scheme of UGS is largely land use oriented (see the next section), it is not viable to 

obtain the information by automatic methods. Therefore, aerial or very high resolution (VHR) satellite images are 

needed to perform on-screen interpretation and classification of individual UGS polygons extracted from the S2A data. 

Finer than 10 m spatial resolution imagery is useful (although not necessary) in the process of selecting the training 

samples for supervised automatic classification of the S2A imagery (see the following sections). 

Methods 

Automatic land cover classification 

Given the spectral resolution and bandwidth of S2A data, we assume that it has the potential to discriminate between a 

small number of spectrally different LC types using automatic classification methods with reasonable accuracy. We 

suggest a simple impervious-water-vegetation classification scheme; the vegetation is further divided into tree cover 

and non-woody classes. A supervised approach is preferred for higher accuracy – a set of manually pre-classified 

training is used to train the automatic classifier. A sufficient number of sample plots located evenly in the study area 

should be created for each of the land cover classes. Finally, the commonly used maximum likelihood classifier is 

employed to perform the per-pixel classification (see the visual scheme of employed data sources and methods in 

Figure 1). The S2A data processing and classification were performed using ESA SNAP 3.0 and ESRI ArcGIS Desktop 

10 software. For the results of the initial classification, see Figure 2b. 

UGS polygons extraction from the classified data 

To extract the final UGS polygons from the classified images, these were reclassified into a binary form vegetation/non-

vegetation. Contiguous pixels classified as vegetation were grouped (based on queen neighborhood – each pixel can 

have maximum eight neighbors) and converted to vector polygons (Figure 2c). All polygon parts and holes smaller than 

500 m
2
 were removed. The remaining polygons were smoothed and generalized in order to remove pixelated borders, 

reduce size, and improve the visual appearance (see Figure 2d).  

Manual classification of UGS polygons 

From the perspective of ecosystem services and urban planning it is important to consider how the identified UGS are 

utilized by city residents and, degree of human cultivation/intervention, and location relative to the prevalent use of 

urban land (residential, public, industrial). Considering these requirements, we have recognized the following 15 

classes; the class definitions are presented in the list below.  UGS polygons extracted in the previous step were overlaid 

on top of recent aerial orthophotos and visually classified at the scale range  1:10,000 – 1:5,000. Most of the polygons 

were classified as such by filling the attribute values. In some cases (especially in places with abundant vegetation), the 

extracted polygons were spanning over larger areas and included multiple UGS classes. In such cases, the polygons 

were cut so that each polygon contains a single UGS class (see Figure 2e). 

The definitions of UGS classes 

1. Urban forest/Uncultivated park – Ares characterized by more than 50% woody vegetation with no signs of 

cultivation and without paved roads/paths. 

2. Cultivated park – Areas characterized by more than 50% woody vegetation with paved paths and scattered 

lawns. 

3. Cemetery – Areas of cemeteries with dominant vegetation. 

4. Urban public garden – Areas characterized by the regular shape of lawns, flowerbeds, shrubs, paths and 

scattered trees.  

5. Stream bank/lake shore vegetation – Green areas adjacent to ponds, lakes, rivers, or canals. 

6. Urban greenery in apartment housing areas – Public greenery in residential zones between multi-flat houses 

and/or small commercial buildings. 

7. Urban greenery in family housing areas – Greenery in residential zones between family houses, mostly 

comprising private horticultural gardens. 

8. Urban greenery in public facilities – Greenery in compact areas with particular public services, like 

hospitals, universities, school campus, ZOO etc. Sports facilities are not included in this class. 

9. Greenery in sports facilities – Green areas used for sports and leisure mainly covered by grass, such as 

football field, golf course, playground, and horse race circuit. 
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10. Complex cultivation pattern – Area with small parcels of annual crops, pastures, fallow land and/or 

permanent crops, with scattered garden cottages. 

11. Cropland/pastures – Agricultural areas with signs of cultivation (e.g., tracks from plowing or tractor use). 

This class contains both cropped areas and areas with grass in rotation, as well as orchards and vineyards.  

12. Railway and roadside greenery – verge with grass or other vegetation accompanying a railway, road, or 

motorway. 

13. Green areas in industrial units – areas covered by vegetation in factories with industrial production, storage 

facilities, logistic centers, etc. 

14. Airport greenery – Grass areas of airports associated to runways.   

15. Ruderal vegetation – Areas with grass, herbaceous, shrub and/or scattered woody vegetation with no signs of 

recent cultivation. Usually heterogeneous in texture and color. Fallow land and brownfields can also be part of 

this class. 

Tree cover fraction extraction 

Additional information useful for decision making is the type of vegetation. We suggest that tree vegetation provides a 

wider range of ecosystem services compared to the herbaceous one. We have therefore estimated the share of tree cover 

for each polygon (Figure 2f) and UGS class (based on the initial automatic LC classification). 

 

 

 

Figure 1.  Scheme of the proposed methodology 

RESULTS 

From visual inspection of the results and comparison with VHR imagery, the overall quality of UGS extraction seems to 

be satisfactory. Nevertheless, in comparison studies also quantitative accuracy assessment (validation) should be 

performed to ensure that the results are fully comparable. In particular, the distinction between tree and non-woody 

vegetation may be subject to commission and omission errors. The distinction is rather of continuous than binary nature 

since there are many tree, shrub, and other plant species of various ages and phenological phases. The amount of trees 

can also be biased by the number, location, and selection of training samples. Also, the morpohology of the urban fabric 

may affect the results. In data derived from remote sensing, the classes that are dominant in a particular area tend to be 

overestimated and vice versa (Hurbanek et al. 2010). This effect is caused by cross-pixel spectral contamination 

(backscattered radiation from adjacent pixels influences the spectral response of a given pixel). Thus, cities with more 

fragmented UGS can be underestimated. With increasing fragmentation and heterogeneity of urban landscape, the 

amount of mixed pixels increases (when 10 or 20 m pixels are considered), and the accuracy of classification decreases. 

Five-meter resolution satellite data would be perhaps more suitable for UGS mapping. However, the wide swath, 

frequent revisit, spectral richness, and free availability of S2A data makes it very worthwhile to investigate its potential 

for UGS mapping further. 
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Figure 2. Six processing steps of the UGS extraction and classification (an example from Bratislava, Slovakia). 

2a) A true color composite produced from S2A data; 2b) result of the maximum likelihood supervised automatic 

classification; 2c) binary map of vegetation/non-vegetation land cover; 2d) vectorized and visually enhanced polygons 

with the minimum mapping unit of 500 m2 applied; 2e) result of UGS visual interpretation and polygon editing; 2f) tree 

cover share estimated using 2b and 2e on a per-polygon basis 
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CONCLUSION 

The key ecological characteristics of cities are the proportion of impervious surfaces and the quality of green spaces, the 

overall site structure and the specifics of land use. Effective urban planning and policy making can be achieved only 

when reliable data and meaningful indicators become available. S2A data provide free of charge and up-to-date spatial 

data that can be used to derive useful information about UGS (as well as other components of the urban landscape) for 

decision-makers and urban planners. However, it demands new techniques and approaches of image processing. 

Presented approach enabled us to obtain detailed, objective, timely, and comparable information about quantity and 

quality of UGS and is reproducible for most cities in Europe and elsewhere. The proposed approach combines semi-

automatic UGS extraction from S2A data and classification of the extracted polygons based on visual interpretation 

based on aerial orthophotos. In this way, the amount of manual digitizing is minimized while keeping the accuracy at a 

high level thanks to the visual assessment. Also, the information exceeds the readily available data from the Urban 

Atlas project in terms of spatial detail, thematic detail, and has the potential for much more frequent updates.  

Future research should try to quantify the accuracy of the employed semi-automatic method and eventually improve its 

accuracy, e.g. by using multitemporal, multisensoral approach, or other classification methods. Also, it should be tested 

if the proposed nomenclature fits the diverse urban landscapes of European and other cities. We see another challenging 

research prospect in the detection of UGS changes over time. Further information on UGS useful for closer examination 

of the related ecosystem services might be obtained, e.g. from Landsat 8 thermal bands (to estimate the surface 

temperature of various UGS classes under varying seasonal/weather conditions), from a digital terrain model, or other 

ancillary data. 
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