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Executive Summary 
The Bulgarian Agency for Sustainable Development and Eurointegration (ASDE), 

in cooperation with the Remote Sensing Application Center (ReSAC) in Bulgaria, is 
entrusted with the development of common resources for territorial planning for the 
cross-border area between Bulgaria and Romania, which comprises large part of Lower 
Danube. The work is in the scope of a Cross-Border Cooperation (CBC) Flagship 
Project “Common Strategy for Sustainable Territorial Development of the cross-border 
area Romania-Bulgaria”, funded by the European Regional Development Fund, MIS-
ETC 171. It is known also as the flagship project SPATIAL. The project started in 
February 2012 and ends in October 2014. ASDE is the leading partner of the work 
package related to the development of the comprehensive spatial database for the 
cross-border area for the needs of the elaboration of common strategy for sustainable 
territorial development.  

A specific output of the project is the generation of detailed common land cover 
database for the cross-border area (more than 70 000 sq.km.), built on the philosophy 
of the ISO 19144-2 (Land Cover Meta Language) and fully in compliance with INSPIRE 
principles. The generation of the spatial data based on common specifications, aims to 
ensure efficient cross-border analysis and reporting. Data is provided through a 
dedicated geo-portal (SmartCover), using open sources operational software and 
flexible architecture to support future system upgrade and the setting-up relevant 
services.  This can be considered the first EU harmonized trans-border spatial database 
of its kind. 

The CBC project objectives are also well in line with the ongoing procedure for 
establishment of intergovernmental working group for the concept of the Regional 
center for Lower Danube, which will be located in the Bulgarian city of Ruse. This 
concept is derived from the initiative for European regional centers network, established 
during the European operational capacity workshops in Sofia, Bulgaria in 2010 and 
2011 and is supported by resolutions of the Bulgarian government.   

It is the first large-scale dataset created by integration of COPERNICUS CORE 
satellite image datasets and in-situ data (LPIS, aerial orthophotos). The methodology 
was elaborated in collaboration with the MARS Unit of JRC, while specific data support 
was provided by the JRC’s Digital Earth and Reference Data Unit. The outcomes of this 
project are of great interest for the European Commission, since it can be a successful 
model for spatial data development, planning and monitoring of the territory for the other 
Danube countries. The outcomes of the methodology and the inputs of the cross-border 
reference land cover databases can be incorporated in the future Danube Reference 
Data and Services Infrastructure (DRDSI). 

The upcoming satellite data from COPERNICUS Programme – mainly from 
Sentinels 1 and 2 – that will be made freely available, will dramatically change the 
current business models adopted in the Geospatial community. For the geodetic 
community, it can be considered both as an opportunity and challenge, in particular with 
respect to the possible synergies between the COPERNICUS data and the national 
spatial datasets, such as the Land Parcel Identification System and the cadastre. 
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General Background 
The border between Bulgaria and Romania is one of the longest in the European 

Union. Major part of it - around 470 km - is demarcated by the course of the River 
Danube. The administrative area associated with this border comprise 7 NUTS3 regions 
in Bulgaria and 9 NUTS3 regions in Romania with a total area of 71,930 sq. km shared 
more or less equally between both countries -  54.66% in Romania and 45.34%  in 
Bulgaria. The cross-border area covers 20.59% of the total area of these two EU 
Member States (Figure 1). 

The area of Lower Danube belonging to Bulgaria and Romania is among the 
regions of the world with the strongest potential in terms of land fertility and agriculture 
crop production. However, according to ESPON studies, the cross-border area is one of 
the poorest regions in EU. Contrary to the Danube countries of Central Europe, which 
considers this Danube River as a vital connection with economic potential, for the area 
of Lower Danube its role is somehow marginalized to the status of dividing border, 
which acts as a blocking factor for the economic development of the region. The river 
ports are not in optimal conditions and there are only two bridges crossing the river for a 
length of more than 400 km. - the second one was build only 2 years ago. 

Most of the area is occupied by intensively cultivated arable land. However, due 
to the soil conditions and the low rate of used pesticides, a sporadic re-growth of crops, 
weeds and semi-natural vegetation is a common phenomenon.  Close to the Danube 
River, there are lots of small ponds and wetlands that hold protected habitats. The 
Western part of the regions, belonging to Bulgaria is more mountainous and holds lots 
of high-nature value farmland (mostly grassland). Many tracks of fertile land in that area 
are still abandoned. 

Apart of the agriculture, there are other sectors of economy such as tourism and 
transport that has great potential for further development. There are many archeological 
sites dating back to the antiquity when Danube was part of the Limes of the Roman 
Empire, as well as well-preserved secular and religious sites left from the Bulgarian and 
Romanian medieval kingdoms. The area holds also a substantial amount to natural 
reserves that are subject to different EU and International protection mechanisms, such 
as NATURA 2000 and RAMSAR. In terms of transport the cross-border area is crossed 
by several important Pan-European Transport Corridors (Corridors No. 4, 8 and 9) from 
Central Europe to the Black Sea and towards the Middle East. 

Yet, the region suffers from various demographic problems such as aging of 
population and emigration of young people to the major urban centers in both countries 
or abroad. The unemployment rate is also relatively high affecting mostly the rural 
areas. There are also serious environmental concerns with respect to loss of 
biodiversity, soil erosion and degradation, water pollution and unsustainable urban 
sprawl. It should be also noted that the area hosts the two nuclear power plants 
operational in both countries – Kozlodui in Bulgaria, and Cherna Voda in Romania.  

 

All these prerequisites call for a common, integrated and holistic approach 
towards the management of the territory at local and regional levels. There is a need for 
a common strategy for territorial analysis and a common policy that overrides the 
constraints imposed by national barriers and serves as a basis for the cooperation 



© ASDE (2014), all rights reserved  4 

framework to boost competitiveness and innovation, while at the same time supports 
the protection and improvement of the environment. The strategy also should set up 
and promote interventions with a big impact in line with the national policies for 
sustainable regional development, territorial and urban planning, and in compliance with 
Danube Strategy for the period 2014-2020. 

 
Fig1: Overview of the project area. Source: Project  SPATIAL, http://bsdi.asde-bg.org/  

 

 

Project SPATIAL - Scope of the activities 
The elaboration of such common strategy was the key outcome expected from 

the  Cross-Border Cooperation (CBC) Project “Common Strategy for Sustainable 
Territorial Development of the cross-border area Romania-Bulgaria – project SPATIAL”, 
funded by the European Regional Development Fund, MIS-ETC 171. Apart from the 
previously mentioned objectives, the strategy has to provide also the necessary 
framework for the next financing period (2014-2020) for the two countries to identify and 
prioritize the interventions with a big impact for the cross-border area in relation with the 
EU development context and priorities. Also, it may be regarded as a more focused part 
of the EU Strategy for the Danube Macro-region.  

One of the important prerequisites for the successful elaboration of the territorial 
strategy was the setting-up of common geo-spatial data and ICT resources for the 
whole project area shared by both countries, in order to support the territorial planning, 
analysis and strategy. A key element of the common geodatabase was the elaboration 
of reference land cover dataset for the entire cross-border area of the project. The 
harmonized spatial database on land cover should serve as reference basis for the 
various sectoral thematic layers that are part of the common information resources 
established for the cross-border area.   Through its integration with the existing spatial 
database available in the project region it will constitute the backbone of the spatial data 
infrastructure (SDI) needed for territorial planning, sustainable territorial development 
and the monitoring the impact of national and EU policies 
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The produced land cover information has to be integrated into a specific Web 
GIS portal, using open source basic software, to allow easy access to the data for 
regional, state (local and national administration) and other structures – science, NGO, 
business. The project is conducted by a group of 12 partners, led by the Romanian 
Ministry of Regional Development, as Leading Partner, in partnership with the Bulgarian 
Ministry of Regional Development. The common geodatabase and the Geoportal were 
developed by the ASDE (Project Partner 9) and experts from ReSAC, within the Work 
Package 3 “Development of common resources for territorial planning analysis and 
strategy” led by ASDE.  

In parallel, ASDE and ReSAC have initiated a technical collaboration with the 
Joint Research Centre of the European Commission (JRC) in Ispra within the scope of 
the Danube Strategy, and in relation to the SPATIAL-CBC project. The Monitoring 
Agricultural ResourceS (MARS) Unit of JRC was involved in a set of activities, aiming to 
provide a methodological support in various land monitoring aspects of the project. 

The detailed technical activities comprise a setting-up and development of 
systems and information services allowing the integration of the new, harmonized 
spatial databases and services with the existing information systems at county/district 
level. The database has to ensure the necessary data for a comprehensive set of 
indicators at NUTS 3, 2 and LAU (local administration unit) levels. 
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Trans-border reference land cover 

General principles 

 
The project had to produce two adjacent reference land cover datasets for the 

Bulgarian and Romanian part of the cross-border cooperation (CBC) project area, with 
the following main characteristics: 

� Full interoperability following the INSPIRE principles  

� Common specifications ensuring efficient cross-border analysis and 
reporting 

� Classification coherence guaranteed by the use of standardized semantic 
language (LCML) 

� Data provided through Web-based geo-service that are user-friendly and 
easy to handle 

In order to ensure the necessary interoperability and coherence between the two 
parts of the reference land cover dataset (for the Bulgarian and for the Romanian part of 
the project area), they had to be build-up on the basis of common methodology. This 
common methodology took into account the current national principles and the latest EU 
novelties in creating such common spatial resources needed for the decision-making 
processes at local, regional and pan-European levels. It applies bottom-up approach for 
the generation of the land cover information, considering at the same time the local 
characteristics and specificities of the territory, and relying on the local capacity and 
technical expertise.  

In order to achieve that objective, the methodology for the elaboration of the 
reference land cover datasets was based on the following key points. 

 

� Land cover semantic modeling and classification concepts of ISO 19144-2 (Land 
Cover Meta Language – LCML), giving the possibility for a scalable and 
unambiguous interpretation of the specific land cover types 

o Previous experience in using the FAO Land Cover Meta Language was 
also considered 

� Best geo-information management practices from the Land Parcel Identification 
System (LPIS) that channels all EU area-based aids in agriculture 

o Management and control tools applied in the EU Common Agriculture 
Policy (EU CAP), such as the Land Parcel Identification system (LPIS), 
and Control with Remote Sensing (CwRS), as a successful example of 
„project“ development and good governance practices of EU fund 
expenditure 

� COPERNICUS CORE satellite image datasets and GIO High-Resolution Layers 
in combination with in-situ data (LPIS, aerial orthophotos) 
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o COPERNICUS data was provided from the European Space Agency, the 
European Environmental Agency and  Digital Earth and Reference Data 
Unit of JRC 

� Methodology elaborated in collaboration with the MARS Unit of the Joint 
Research Centre of the European Commission  

o Support of MARS team was focused on practical application of certain 
novel land cover definition and harmonization approaches, such the 
TEGON concept and  the technical solutions proposed in  Annexes F and 
G  in the INSPIRE data specification for land cover 

The elaboration of the reference land cover dataset took into account the 
abundant information on land cover already captured and stored in various products 
elaborated in the scope of different pan-European and national initiatives, such as 
CORINE Land cover (CLC), FAO TCP/BUL/8922, Bulgarian Spatial Data 
Infrastructure/BULCOVER-2009-2010 (BSDI) and FAO TCP/ROM/2801. A feasibility 
analysis of the usability of these datasets for the purpose of the reference land cover 
layer was made.  

The conducted activities were in accordance with several relevant European acts 
and initiatives, such as the Danube Strategy, the EU INSPIRE Directive, the EU Flood 
Directive, EU Common Agriculture Policy, and others. As the elaboration of reference 
land cover was based from the availability of certain input core image and cover service 
datasets provided through the Copernicus programme of the European Union, the 
methodology took into account their further operational development in order to ensure 
a consistent systematic update of the land cover data on annual basis.   The 
established data model was in compliance with the conceptual framework laid down in 
the INSPIRE Data Specifications on Land Cover (version 3.0), in order to ensure the 
necessary interoperability with the spatial information collected at the macro-regional 
level for Lower Danube. It was crucial for the efficient conduction of future information 
for territorial development, risk assessment, land monitoring, emergency response and 
security. Last but not least, the land cover database was designed to ensure the 
necessary key information required for the calculation of various indicators at NUTS 3, 2 
and LAU (local administration unit) levels. 

The elaboration and implementation of the reference land cover dataset (layer) 
consisted of the following main steps:  

 
� Design and setting-up of the common methodology based on the best practices 

and novelties at national and EU levels.  
� Adaptation of land cover generation approach in order to accommodate the 

specificities of the Bulgarian and Romanian landscape and local data availability  
� Training to operators on the common methodology  
� Setting-up the necessary hardware and software environment 
� Collection of necessary input reference data (aerial and satellite imagery, vector 

layers, any relevant ancillary data) 
� Elaboration of the harmonized reference land cover dataset (based on the LCCS 

-Land Cover Classification System) 
� Verification and validation of the quality of the produced data 
� Integration of the reference territorial and land cover database with existing 

thematic layers developed under National (BG and RO) and EU financed projects 
and programmes (e.g. Natura 2000) 
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� Ingestion of the data in the Web-based geo-database, that serves as data pool of 
the common information resources of the project. 

 

Definitions 
 

The Reference land cover layer represents a “tessellation” of the Earth surface 
on continuous, non-overlapping segments enclosing specific portion of the land. The 
boundaries of these segments follow well-visible physical features on the terrain (or 
well-visible boundaries between different land cover and land use types, which can be 
considered relatively stable. In rural areas, there segments are very similar to and often 
equal the so-called physical blocks as defined in the LPIS.  With respect to urban areas, 
ASDE developed the so-called “urban block” concept that combines land cover 
components, additional land use characteristics and business rules to define 
functionally homogenous urban areas expressing a particular level of life quality.    

These segments could enclose: 

 
-    a single/individual land cover phenomenon; 
-    a multitude of individual land cover phenomena of the same type; 
-    a multitude of individual land cover phenomena of different type that are small 
enough to be represented separately at the given cartographic scale (cartographic mix); 
-    a multitude of individual land cover phenomena of different type that jointly form a 
“functional mix”; 

 
The functional mix is an intrinsic mix of land features (phenomena) of different land 
cover type, for which any removal of a single component will render the mix 
meaningless. It is cartography independent, which means that the components of the 
mix will never be represented separately in any cartographic scale. Each functional mix 
is characterized by a specific set of business rules.   

A multitude of independent and non-related land features of different land cover 
types that are too small to be represented separately at the given cartographic scale 
can be considered as cartographic mix. 

The final product represents a multitude of non-overlapping geo-referenced 
polygons that cover the entire area of interest (AOI) of the cross-border project. Each 
polygon stores information of the type of land cover detected. If more than one type of 
land cover is present, the first 3 most dominant land cover types are reported together 
with the ratio of each of them given as percentage from the total area of the polygon. In 
addition, the land use information could be given in a separate attribute field. 

 
The reference land cover dataset was made compliant at least with cartographic 

scale of 1:25 000. The minimum mapping unit is considered 0.25 hectares, while the 
minimum width of linear features is 12 meters. 
 
 
For the elaboration of the reference land cover for the project area, the following 
information sources were used: 

• Land Parcel Identification System  (both for Bulgaria and Romania) 
– All reference parcels with their types of land cover/land use available  
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• National Aerial  Orthophoto (50 cm. natural colour)  
• RapidEye Imagery 

– Wall-to-wall archive coverage from 2011/2012 
– Acquired mainly in March and October 
– 5 meters, 5 bands 
– Provided through the European Space Agency (ESA) as CORE 01 

dataset under Copernicus program 
• SPOT 5  Orthoimagery 

– Wall-to-wall archive coverage from 2011/2013 
– 5 meters, natural and colour infrared 
– Provided through the CID Portal of the Digital Earth and Reference Data 

Unit of JRC as ready-to-use mosaic processed from the CORE 03 dataset 
under Copernicus program.  

• Google Earth and StreetView 
• Ground truth data – field observations containing notes and GPS-located 

photographs 
• Supportive ancillary data, such as topographic maps, forest plans, cadastre, 

digital elevations model, or archive VHR satellite data 
 
 

Land cover legend 
 
The land cover legend is generated following the recommendations given in Annexes F 
and G of INSPIRE Data specifications on Land Cover. The characteristics of the legend 
are as follows: 
 

o It is flat  
o no hierarchical multi-level classification is available. All classes are on the 

same level of semantic description  
o It is scale and product (map) independent 

o All classes in the legend represent either single or “pure” land cover type, 
or a functional mix. Legend doesn’t include cartography-related mixtures 
between different land cover types, as classes. 

o Involve  the feature on the ground itself as the basis for the reference  
o The class definitions doesn’t involve classifiers or characteristics that are 

related to the abstract representation / observation / polygon of the given 
feature in a mapping product 

o It is exhaustive  
o the set of class entries represents any type of land cover that can be  

found in the area of the project 
o Ensures that all class entries are mutually exclusive  

o no overlapping in the semantic concepts is allowed. A given land cover 
features could be associated to only one class 

o It is purely based on land cover semantics 
o All class entries are conceptually modeled in the semantic apparatus of LCML  
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The land cover legend with the list of classes is given on the Table 1.  
 
Table 1 Land Cover Legend for CBC project 
No Class EN Map Code Pure class (P);  

Functional mix (F)  

1 Arable land A P 
2 Managed Grassland G P 
3 Paddy Rice Field R F 
4 Natural Grassland N P 
5 Tree Crop T F 
6 Tree Plantation P P 
7 Broadleaf Deciduous Forest BDF P 
8 Broadleaf Evergreen Forest BEF P 
9 Coniferous Forest CF P 
10 Mixed Broadleaf and Coniferous Forest BCF F 
11 Woodland WD F 
12 Waterlogged Forest WLF P 
13 Urban Vegetated Areas UV F 
14 Association of herbaceous and woody crops AHT F 
15 Association of crops and natural trees ACT F 
16 Shrub Crop S F 
17 Scrubland SL F 
18 Waterlogged Vegetation WV P 
19 Artificial non-build up surface UN P 
20 Continuous urban fabric UBC F 
21 Discontinuous urban fabric UBD F 
22 Fragmentary urban fabric FUF F 
23 Artificial build up surface UBS F 
24 Artificial build up network UBN P 
25 Consolidated bare surface BSC P 
26 Unconsolidated bare surface BSN P 
27 Rivers RVR P 
28 Channels CHN P 
29 Lakes and impoundements WL P 
30 Reservoirs WR P 
31 Covered Agriculture land (Greenhouse) CAG P 
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Workflow 
 
The diagram of the workflow is given on the Figure 2. 
 
 

 
 

Fig 2: Diagram of the workflow. Source: Project SPA TIAL, http://bsdi.asde-bg.org/ 

 

Use of COPERNICUS Data 
As registered GMES user, ASDE obtained from GMES Space Component Data Access 
(GSC-DA) of the European Space Agency (ESA), the COPERNICUS Core 01 dataset, 
consisting of RapidEye imagery collected in the period 2011-2012 (Figure 3). 
Furthermore, Digital Earth and Reference Data Unit of JRC kindly provided through the 
CID Portal a ready-to-use mosaic processed from the COPERNICUS Core 03 dataset 
consisting of SPOT 5 imagery collected in the same period. 
 
In addition, intermediate production samples of the GIO High Resolution Layers, (HRLs) 
were provided from the European Environmental Agency (EEA) through the FP7 
EUFODOS project. The following thematic raster data were delivered:  
 

o Grassland,  
o Wetlands,  
o Water-bodies,  
o Forest Type and Tree Cover Density,  



© ASDE (2014), all rights reserved  12 

o Imperviousness  
 

 
Fig. 3: Core 001 (RapidEye Imagery 2011-2012. Sourc e: Project SPATIAL, http://bsdi.asde-

bg.org/, (COPERNICUS CORE 01 Image Dataset, 2011). © European Union, 2014, all rights 
reserved, Includes material, provided under 
http://gmesdata.esa.int/web/gsc/terms_and_condition s, RapidEye © (2011-2012); distribution 
BlackBridge . all rights reserved. 
 
 

The RapidEye data was provided as Product 1B. While already orthorectified, the 
Rapideye imagery was not be accurate enough with respect to the national orthophoto 
and the target cartographic scale. An image rectification to achieve a root mean square 
errors (in one dimension) less than 7.5 meters calculated on independent points, was 
performed using ground control points from the orthophoto. In addition, further 
radiometric processing of the individual image scenes were performed, such as 
atmospheric corrections, image enhancement, and mosaicking. 
 

Core 03 data from SPOT 5 was provided directly as enhanced cloud-free mosaic 
in natural colour and colour infrared through WMS for the whole area of the CBC 
project. It was a big advantage with respect to the Core 01 datasets which required 
substantial processing and still contained some cloudy zones. 
 

From the 5 HRLs, the most useful for the project with respect to completeness 
and accuracy were the masks of forest and imperviousness. They were used as 
additional inputs in the data capturing and land cover classification workflow. 
 

Data Integration – use of LPIS data 
 

Land Parcel Identification System (LPIS) provides the geospatial framework 
necessary for the Integrated Administrative Control System to channel and control the 
area-based subsidies in agriculture provided annually to the EU Member States in the 
scope of the EU Common Agriculture Policy. Like the reference land cover layer, the 
LPIS partitions the agriculture land into uniquely defined spatial units of management, 
called reference parcels, which aim is to fulfill two explicit functions: 
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� the unambiguous localisation of all declared agricultural parcels by farmer and 
control inspectors, 

� and the quantification of all eligible area for crosschecks during the administrative 
controls by the relevant paying agency. 

 
In many countries, including Bulgaria and Romania, the reference parcel is a 

homogeneous piece of agriculture land delimited by visible and relatively stable 
boundaries. This type of reference parcel is called “physical block”. In the GIS, it is 
represented by a polygon having certain attributes associated to it, one of which is the 
type of agriculture land cover or land use.  
 

Recent studies made by the Joint Research Center show that geospatial 
information stored in the LPIS is close enough to what a large-scale land cover (at scale 
1:10 000) should represent. This is particularly valid for Bulgaria and Romania, where 
due to the specific EU accession condition; the LPIS covers not only the agriculture 
land, but it comprises the entire territory. Considering the high degree of LPIS thematic 
accuracy reported through the annual LPIS Quality Assessment and the rigorous 
update cycle implemented by the National Administration, a bottom-up approach of 
deriving the required land cover types through up-scaling  of LPIS data was found 
promising for the creation of first stratification of the territory prior to the more detailed 
LC inventory (Figure 4).  
 

  
 

Fig 4: Comparison between LPIS data and large-scale  land cover map. Source: DG JRC, 
LPIS Workshop, Sofia, 2008 

 
In this respect, LPIS played a particular role in providing some basis to derive highly 
detailed information on land cover. This is done through integration of the LPIS data 
with the national orthophoto and the COPRENICUS data. 
 

Conceptual modeling for land cover types  
 

First, each land cover type is modeled in LCML using the special UML tools 
“LCCS v.3”. A full description of the land cover type in LCML is created. For some 
complex land cover types, a specific Land Cover profile is created (see Figure 5). It is a 
template that stores and represents in structured and tabular form all land cover 
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classifiers and their relationships. It also holds an illustration of the given land cover 
type and most important, enlists the interpretation rules (keys) for the proper 
interpretation of a given land cover features (phenomenon), belonging to that land cover 
type. 
 

 
 

Fig 5: Example of Land Cover profile (urban block).  Source: Project SPATIAL, 
http://bsdi.asde-bg.org/ 

 

Use of LPIS data for stratification of the territor y 
 
Once the land cover classes and selected profiles are completed and well codified and 
the LPIS and the reference image data (orthophoto and COPERNICUS data) are 
integrated into the proper processing environment, the following procedure is 
implemented: 
 
 

1. Check whether a given land cover/land use class definition as stored in the LPIS 
match a land cover class from the CBC legend; 

2. If yes, use the polygons of the reference parcels assigned with this type of land 
cover, as first approximation of the objects belonging to this type of land cover;  

3. Verify/correct on the base of the independent information (reference imagery, in-
situ information). Revise, edit or generalize if needed, the thematic information in 
accordance to the target cartographic scale; 

4. Assess the correctness of the reference parcels with respect to the land cover 
eatures they might represent. Note: for the urbanized areas, there is a need of 
additional assessment of the classification characteristics, with respect to the 
information stored in the national territorial plans, as well as the municipal and 
city master plans;  

5. Go to the next class 
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Once gone through the whole population of reference parcels in the LPIS, the overall 
usability of the LPIS to reflect correctly the land cover features at the target scale of 
1:25 000 is assessed. For those cases when the thematic accuracy is less than 90%, 
LPIS is not directly used for LC generation; however, it is used for first stratification of 
the territory prior to the more detailed LC inventory. 
 
 

Data capturing and inventory  
 
Further and more detailed data inventory was achieved using manual computer-
assisted photo-interpretation or automatic classification (using object-based approach). 
A combination of different methods was implemented depending on the land cover type 
captured. 
  
The basic principles in land cover generation were as follows: 

• Understand first the biophysical 3-dimensional character of the given land cover 
phenomena before data capturing and analysis; Model it though the TEGON 
approach and LCML apparatus;  

• Derive the interpretation keys from the LCML-based conceptual model of the 
given land cover type; 

• Identify which are the components visible from above and what is their life cycle; 
• Use any available capturing method and data synergy (DSM, LIDAR) to 

overcomes the limitation of the top-surface view; 
• Try to integrate and interpret remote sensing data in parallel with the collected in-

situ data; 
• Apply common sense in data interpretation using local knowledge on the 

landscape; 
• Use the LCML semantics as guidance - any mixed land cover that cannot be 

modelled only through the LCML components and rules, is a candidate for a 
cartographic mix; 

• Make clear distinction between cartographic and functional mix;  
• In urbanised areas, use roads/street networks to delimit the “urban blocks”; 
 
With respect to urban areas, the so-called "urban blocks” can be the correspondent 
unit of management, the same way as the production block is the unit of 
management in rural areas. The “urban block” is a homogeneous piece of urban 
land delimited by the main street network (Figure 6). 
 
An important element that has to be considered when analysis is made regarding 
the nature of the land cover mix is the occurrence of a specific pattern. 
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Fig 6: Illustration of the “urban block” concept. S ource: Project SPATIAL, http://bsdi.asde-
bg.org/ 

 
 

Data validation 
 
The thematic content of the generated land cover was verified and validated against 
reference data, which in this case was the national orthophoto, as well as Google 
StreetView wherever available. For some specific areas, ground truth data from the 
performed field observation was also incorporated.  
 
The reference land cover dataset of the Bulgarian part has been validated following a 
novel approach combining the traditional plausibility check, based on confusion matrix 
(Congalton, R. G. and Green, K., 1999; Lillesand, T. M. and Kiefer, R. W., 2000) and 
the method designed for assessing the quality of the Land Parcel Identification System, 
as laid down in Art. 6 of CommReg 1122/2009. A stratified random sampling, following 
the sampling procedures for inspection by attributes (ISO 2859-2), was applied to select 
2085 land cover units for checking (Figure 7). This number was derived considering the 
Lot in isolation and applying Limiting Quality (LQ) of 12.5%.  
The inspection comprised 3 quality measures, performed using as reference the 
national orthophoto: 
1. Truthfulness of the dominant land cover class  
2. Correctness of the cartographic mix, if present in the unit 
3. Validity of the boundary of the spatial unit (unit boundaries follow visible and 
stable features, present on the land) 
 
Results of the 1st quality measure (Thematic accuracy) reported between 86 and 100% 
accuracy for 25 out 31 classes. For the remaining 6 classes, the thematic accuracy was 
between 78 and 84%, with the class related to scrubland being the least accurate. The 
overall thematic accuracy is 85%.  
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For 80% of the verified spatial units the nature and ratio of the cartographic mix was 
correct, while for the other 20% the class codes were correct, but the ratio between 
them inside the segment was questionable.  
Less than 2.5% of the spatial units were found not following exactly true land 
boundaries. 
 
The reference land cover dataset of Romania is not yet performed.  
 
 

 
 
Fig 7: Spatial distribution of the sampled polygons  over the Bulgarian part of the CBC area. 
Source: Project SPATIAL, http://bsdi.asde-bg.org/. 
 
 

Creation of the Geodatabase 
 

The final land cover geo-database is stored in PostgreSQL and has the structure shown 
in Table 2. Spatial data is stored in the native national coordinate reference systems of 
both countries – Universal Transverse Mercator, WGS 84, Zone 25 North for Bulgaria, 
and Dealul Piscului 1970/ Stereo 70 for Romania. 
 
Comprehensive metadata was elaborated for each thematic dataset, according to 
INSPIRE Metadata Implementing Rules: Technical Guidelines based on EN ISO 19115 
and EN ISO 19119.  
 
Table 2: Attributes of the reference land cover lay er 
No Field Name Field Type Description 
1 LCCS_MapLegend short integer 

domain 
This is the main field that holds and shows 
the class of land cover polygons in case it 
encloses and displays one single or  
continuous  multitude of two or more land 
cover objects belonging to a single class, 
whether " pure" or "functional mix". If the 
polygon covers and displays a combination 
of two or more individual land cover objects 
belonging to more than one class, but 
individually smaller than the minimum 
mapping unit - in this case representing a 
"cartographic mix " - the LCCS_MapLegend 
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field takes the value dominant land cover 
class (LCCS_Level1),  

2 LCCS_Level1 short integer 
domain 

Type of land cover 1 (selected from a 
domain list) 

3 LCCS_Level1_pct short integer • Percentage of land cover 1 from the 
total area of the mapped polygon 

4 LCCS_Level2 short integer 
domain 

Type of land cover 2  (selected from a 
domain list) 

5 LCCS_Level2_pct short integer • Percentage of land cover 2 from the 
total area of the mapped polygon 

6 LCCS_Level3 short integer 
domain 

Type of land cover 3 (selected from a 
domain list) 

7 LCCS_Level3_pct short integer • Percentage of land cover 3 from the 
total area of the mapped polygon 

8 Notes text 250 Additional notes on the type of land use. 
 

9 Area_ha double Area in ha 
 

 
A graphical illustration of the production and publication component of the whole 
systems is presented on Figure 8.  

 
 
Fig.8: Architecutre of the SmarCover system, Source : R. Venkov; Consortium on CBC-BR-RO-
http://bsdi.asde-bg.org/ 
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Conclusions  
 
The paper presented a novel approach for generation of standardized land cover 
dataset within the scope of the cross-border cooperation project SPATIAL. The aim of 
the project was to establish a geo-based system capable to effectively monitor the land 
changes and to support impact assessment of sectoral policy interventions and EU 
funds expenditures at regional and local levels. For that reason, the requirements for 
this reference land cover were more stringent and demanding compared to most of the 
specifications of classical land cover mapping. The final product is a geoinformation 
system for monitoring and management of the territory, focused on detection and 
analysis of land changes. It can provide core information on the status of the land, 
needed for the elaboration of the relevant territorial indicators (agri environment, urban, 
climate) for EU policy impact assessment. This approach is already considered in other 
EU projects such as the FP7 project URBAN-NEXUS, where it can be efficiently applied 
for impact assessment and detailed land monitoring of transitional urban/rural zones in 
support to sustainable urban management (Figure 9).  
 

 
Fig.9: URBAN-NEXUS fundamental scheme, including re ference data sets and regular monitoring 
(changes detection). Source: Urban-Nexus; ASDE team  
 
Land Parcel Urban Identification System was found to contain valuable information and 
be an excellent example of geoinformation systems for other thematic domain apart of 
agriculture. Similar specialized identification system could be applied for the urbanized 
areas, on the base of the so-called “urban blocks”, harmonized with the existing LPIS 
and other well-defined datasets, such as NATURA 2000.  Since LPIS data is very 
detailed, compliant with scale of at minimum 1:10 000, the resulted land cover is 
capable to provide valuable information on future Ecological Focused Areas (EFAs) as 
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part of the EU CAP greening or can support more detailed climate change modeling and 
impact assessment of mitigation and adaptation measures.  
 

The existing satellite data from COPERNICUS Programme proved to be particularly 
useful in such trans-border land monitoring project, as it can: 

o Provide a product that is uniform across country boundaries 

o Be easy to use if pre-processed and wrapped in a Web based service 

o Fill existing data gaps in the available national datasets 

o Provide optimal spatial and spectral resolution that often allows easier 
interpretability of the information at regional level, comparing to the very detailed 
national orthophoto 

In this respect, the potential of the incoming COPERNICUS data, such as Sentinels 2 
and VHR contributing missions, is enormous, providing that sufficient infrastructure for 
storage and processing of the data will be available. Synergies similar to those between 
COPERNICUS data and LPIS can be achieved also between COPERNICUS data and 
the cadastre. 

At the time of writing, the project SPATIAL is still ongoing, but the reference land cover 
data set was already subject to initial acceptance by the project partners and 
stakeholders. The first feedback was highly positive. The presented method for 
generation of reference land cover dataset, based of tegon, was considered by the 
Bulgarian national authorities (Ministry of Agriculture and Food) and Commission 
Services (DG JRC) a powerful and extendable approach to be applied for the 
elaboration of harmonized and interoperable (in line with INSPIRE) land cover dataset 
for the whole Danube Region (Figure 10).  

 
Fig. 10: Reference trans-border land cover dataset between Bulgaria and Romania – extract of the 
Geoportal of ASDE. The top left of the screen holds  the “Get Feature Info” tool. The class legend 
is shown underneath. Includes material © ASDE (2014 ), all rights reserved 
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Follow-up activities 
 
The real benefits of the setting-up of such system can be obtained only if the 
sustainability of the land monitoring services can be guaranteed. For that reason, one of 
the most important follow-up activities of the project is to establish a mechanism for 
regular land monitoring and change detection of the cross-border area and to explore 
the possibilities to expand the approach toward other neighboring countries part of the 
Danube Region. 
Тhe regular monitoring of land cover changes and spatial data updating can be 
managed by the newly defined Regional center for integrated risk and territory 
management for the region of Lower Danube, situated in Ruse, Bulgaria. Its 
coordination and capacity dissemination activity will start with the common cross-border 
territory between Bulgaria and Romania and will be targeted towards the involvement of 
other countries from the Danube Region. Particular attention will be given to regular 
monitoring of changes in urbanized areas (the twin cities along the Danube River), 
together with the infrastructure, transport networks and other assets, and assessment of 
their exposure to and resilience against natural and anthropogenic hazards (Figure 11).  
 
 

 

 

 
Fig. 11: Detailed common land cover data maps for t he twining cities – Ruse (Bulgaria and Giurgiu 
(Romania), Source: http://bsdi.asde-bg.org/ 
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