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Abstract 
 

Creating clearly readable maps of various thematic and scale, and making various analyses 

(reports, statistics) with updated information in real time is a challenge for the professionals in 

cartographic community. As such, GIS science enables map creation, modification and 

presentation of various maps for specific users. These maps produced in real time may improve the 

synchronization of the data within the system accordingly. Nowadays, with the technology 

achievements it is possible to use huge amount of the data and link them with location based 

technologies, such as GPS, GPRS, etc. 

The main objective of this research was the development and analysis of a GIS system that 

includes all necessary information of the topic, obtained by using GPS and GIS techniques. The 

crucial issue is how to combine and integrate different techniques and technologies for the better 

management of the data and presentation of the results in specific maps, reports, charts etc.  The 

highest priority is to prove that the integration technology of GIS and GPS can improve the 

possibility of data production with high accuracy and reflect the real situation and determine any 

changes comprehensively. 

In this sense, the agriculture crops (vineyards) for further research were selected. In recent years, 

management of agriculture crops with GIS systems has been one of the top priorities within the 

EU and pre accessed countries. The systems like Land Parcel Information System (LPIS), National 

Vineyard Information System (NVIS) and finally Integrated Agriculture Control System (IACS) 

are common GIS based systems for the management of agriculture and policy about the future 

decision making. These systems integrate a large amount of the data and many institutions, for 

better use of the land and transparent support to the farmers. 

This may increase the efficiency of results presentation and dynamic analysis of trend prediction 

for the sustainable development of national economy. It offers basic data for orientation 

adjustments and agricultural government policy. The designed system will be able to produce 

maps, make various analyses based on the requests of the specific users and offers trend orientation 

for decision making. 

In the introduced system the JAVA programming language has been proposed and used. This 

programming language provides the most possible flexibility in the data flow and data 

management. The structure of the data base is proposed to be designed in that way that the textual 

and geometric data have been processed in a unique data base in PostGIS PostgreSQL technology. 



 

iii 

 

Web technology used in this thesis, where GIS tools are integrated, shows an advantage comparing 

to the desktop based technology since it enables an access in real time. Foremost, the application 

offers an access depending on the roles and privileges for different users. Development of a unique 

WEB application for viticulture management is easy to use since it only offers GIS field related 

tools. 

The first part of the monography (Chapter 2) presents the means of information collection on 

vineyards from various existing sources and the methodology of information collection on 

vineyards from the field (Chapter 3) using GPS and GIS techniques. 

The second part (Chapter 4) explains the design/creation of the GIS system that will summarize 

and harmonize all the information on the vineyards, database creation, standards used in its 

design, etc.  

The third part of the monography (Chapter 5) presents the ability of the system to generate maps 

of various contents and the option to make analyses, generate reports, statistics etc. 

Results of the study show numerous capabilities of GIS science to manage the crops, in this 

particular case, the vineyards. In this regard, this study could be very useful and play an important 

role to improve the decision-making process related to the Kosovo vineyards. Further, the results 

provide insight into information management in a single system and serve as a basis for similar 

researches in other areas of agriculture in the future. 
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Chapter I 
 

Introduction 

Given the rapid development of various computer technologies, especially GIS, nowadays it is 

hard to conceive the production of cartographic products manually. Further, it is very hard to 

assemble information from the field using classic methods considering the availability of advanced 

technology such as GPS available. 

At current time, the time of global information, geo sciences experts and information technology 

(IT) experts have a key role in the collection, analysis, management, and visualization of geospatial 

information and at the same time they operate appropriately with these data as requested. The 

results of these technologies are reflected through the Geographic Information System (GIS) and 

specific cartographic products which serve numerous users for various purposes such as 

government, education, social, commercial, etc. to use these products according to their needs. 

The use of GIS techniques has enabled many users and subject matter experts to produce maps, as 

well as contribute to the diversification of automatic maps production.GIS can be summarized as a 

map, or as a data base or as a spatial data system. Spatial data are an important component of GIS 

because they serve the users as input to analyze and process data, regardless of their various 

sources. GIS enables the presentation of these notes on maps of various forms, such as: tabular 

form, graphs etc. GIS offers the possibility of creating data through specific layers where each user 

can use the needed layer. 

Today maps can display all geospatial information through Geographical Information System 

(GIS). GIS can contain and display lots of information which is not possible on a hard copy map. It 

is important to note that GIS can provide much faster and more accurate information as compared 

to the printed maps. So, GIS offers great advantages such as: the collection and maintenance of a 

large number of information, processing of such data rapidly and with a small outlay that is 

incomparable by manual methods that have been used up until recently. It provides simultaneous 

access on the same synchronized data and enables data exchange to various organizations and 

units. 
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GIS also enables the presentation of graphical data connections, which was impossible earlier 

because the graphic data sources were of different scales in various organizations, so the 

connection between them was impossible. In addition, GIS enables engineers, planners, and 

various managers to analyze the results and make appropriate decisions based on the sufficient 

data they possess. 

GPS (Global Positioning System) is very important tool for gathering geospatial information from 

the field. GPS has made a big difference in the methodology and the method of data collection 

from the terrain by giving a different approach to the mapping and measurements fields. Besides 

making very precise and homogenous measurements for geodetic needs, it also performs various 

multidimensional functions; apart from determining the position, GPS can be combine with 

various GIS applications that enable collection of the attributes of geographic information (GI). 

Given that, GPS provides a quite high measuring accuracy of the position, it can also be used to 

measure different features always connected with the position or location while processing these 

measurements with the use of GIS allows the creation of maps with different content. The role of 

GPS in measurement and mapping for the professionals of these areas is irreplaceable. 

Application of GPS and GIS systems nowadays are an essential tool for managing, monitoring and 

updating information in daily, monthly or annual basis. A review of number of OpenGeo products 

exposed worldwide show that there have been major improvements in much functionality 

recently. The application of GIS systems in creation of cartography products (different maps) plays 

an essential role. The idea to have updated maps might be instituted through very fast field 

measurements through GPS techniques and through systems based on GIS with large scale of 

functionalities for data storing, processing and analysis. Lilley et al., 2004, pointed out that the 

advantages of GIS include the ability to bring diverse spatial datasets together (cartography, aerial 

photography etc) and relate them in the same time coordinate space using the GPS data as ground 

control point. 

1.1  Motivation 

To have a developed economy and to be part of the European Union, which is Kosovo’s goal, all 

natural resources should be managed very efficiently. Agriculture, forestry and rural development 

sector are one of the most important sectors in the country. Kosovo has a well placed geographical 

position and optimal climate for the development of agriculture in general, that’s why this sector 

intends to be the engine for the economic development of the country in the future. Among 
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numerous sectors of agriculture, viticulture is the main sector in the south-western part of Kosovo 

where the farmers of this area are known for growing grape. Furthermore this region is well-

known as grape growing region by the institutions and it is also protected by the relevant laws. 

Based on the directives, guidelines, and regulations of the EU (European Union) and the 

commitment of Kosovo’s institutions, in this case the Ministry of Agriculture, Forestry and Rural 

Development, for the creation of a GIS based system for vineyards, it is strived to collect, manage, 

analyze, visualize the information regarding vineyards through this system. At the same time this 

information can be used for various purposes based on specific requests. Possession of this 

information summarized in a GIS system enables relevant institutions to find the easiest way to 

support the viticulture farmers through subsidies and other forms of support. 

This information about the vineyards is processed in order to create a general database of the 

country vineyard assets. The easiest way to create a detailed documentation on viticulture assets is 

through a unique GIS based system. Creating such documentation serves as country evidence on 

vineyard assets and provides the means for strategic planning in the field of agriculture. Potential 

domestic or foreign investments in the field of viticulture are enabled only through accurate and 

detailed evidence on viticulture capabilities. Further, such a system would regulate the quality 

control of wine, imports, exports, and domestic trade. 

This database enables proper management of grape planted areas, and at the same time it helps, 

advises and supports all the farmers in the cultivation of vineyards. Issuing certifications and 

necessary documentation for their vineyards is a big advantage of vineyard farmers and 

winemakers, in the placement of their products on the domestic market as well as on the foreign 

market. 

Why it is necessary to create a GIS system for the viticulture asset management? 

Viticulture region in Kosovo lies in an area of approximately 3500 km²; it covers 1/3 of the 

territory of Kosovo. Until now the relevant state institutions MAFRD (Ministry of Agriculture, 

Forestry and Rural Development) and the IVE (Institute of Viticulture and Enology) did not have 

detailed records for the areas planted with vines, also they had neither a registry of the vineyards 

nor the maps of their locations. The need to have a proper vineyards system is seen as a necessity 

of the time. 

The various cartographic products offer a good opportunity to come up to the required research 

results rapidly, accurately, and efficiently. The more diverse cartographic products the research 
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results are more complete. The use of spatial technologies such as Geographic Information System 

(GIS) plays an important role in localization of vineyard geographic position and vineyard 

attributes management in a rational way. GIS is a platform that allows a better management and 

enables the display of spatial data in a comprehensive and usable form. GIS has a significant role in 

decision making, by combining the data of various cartographic products with the data obtained 

from GPS measurements, which offer a very accurate location of the respective vineyards, which 

is a key element of possession of such information about vineyard locations.  

GPS/GIS techniques enable accurate data collection and their management through a functional 

GIS database in an easy and efficient manner. In addition to spatial data analysis, the development 

of GIS web based systems enables remote and real-time access to the users who use the system for 

various data management and to the farmers for obtaining information they need. 

This study will eventually make the combination of these two techniques (GPS and GIS) in an 

unique Web application which: will enable the production of cartographic products that are 

necessary for customers; offer maps with various contents and information; offers the possibility of 

making different analyses in tabular and graphical forms; and produce various statistics based on 

the requests of users.  

 

1.2 Goals of the thesis 

This monography has two main goals. The first was to identify the vine planted areas on the 

territory of Kosovo by using various data collection techniques and the second goal was to create a 

GIS web application, which will enable accurate and rational management of such information. 

In order to achieve first goal of identifying the vine planted areas, two methods were used. The 

first method for identifying the vineyards consists of using various existing cartographic products 

such as cadastral maps, topographic maps, orthophoto and other information which can provide 

sufficient information on the vineyards (ownership, digital terrain model, elevations above sea 

level, exposition, etc.); the second method through measurements in the field using GPS 

techniques for data collection for the vineyards (location and their attributes). 

The second main goal of the thesis was to create a GIS web system which will use the above 

mentioned collected data and be able to produce various maps for different users, provide with 
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accurate vineyard management, make various analyses on the vineyards, and at the same time use 

these information for various purposes based on specific requests. Relating multiple graphical data 

with textual data is necessary in order to be able to make proper analyses and make connection of 

these data with their respective objects on the map. 

From the scientific point of view, this doctoral thesis aims to develop a new and innovative 

approach to vineyard management in the territory of Kosovo, based on GPS and GIS techniques. 

The offered system will produce cartographic products easier and in real-time it will offer the 

easiest and best possible solution in making various analyses (statistics, graphs) on vineyards. 

From the practical point of view, this doctoral thesis aims to achieve facilitation of the work of the 

vineyards management institution. It will enable the authorities to manage vineyards very 

efficiently and be able to perform sufficient analysis and make appropriate decisions based on this 

system. Further, this topic provides a good foundation for the development of similar GIS based 

systems for other areas of agriculture such as forest management system, other agricultural crops 

management system etc. The present research represents a new approach to vineyard management 

through a unique GIS system, using modern technologies which currently are not applied in any 

country in the region. So, this could serve as a model for the countries in the region to use as a 

model in the management of their resources. 

 

1.3  Structure of the thesis 

This thesis is structured into six chapters. Chapter one gives an introduction. Chapter two covers 

the first main goal of the thesis, it summarizes existing basement of cartographic products in 

Kosovo which are important for this study. It analyses the format of these data (raster and vector). 

This basement will play an important role to come to the aimed result. It is both necessary and 

relevant for the determination of some specific information such as: the determination of 

ownership, determination of vineyard geographical position, slope determination, determination 

of soil texture, etc. 

Chapter three also covers the first main goal of the thesis – it describes GPS techniques for data 

collection from the field. It shows in detail the methodology used for data collection from the 

field. It also determines the vineyards geographical position, explains the Kosovo’s coordinate 

system and the transfer of the records from GPS in the GIS system. 
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Chapter four describes the second main goal of the thesis – it describes the scheme structure and 

the design of GIS web application. This is a very important element and key component of the 

research because it creates the core of the accurate geoinformation management within the 

application. It describes the methodology of information structuring, interconnection and 

functioning. 

Chapter five describes also the second main goal of the thesis - it describes the cartographic 

products which are generated by the application. It creates analyses, statistics, and diagrams based 

on the needs and requirements, by enabling each user to obtain information in real time. 

Chapter six summarizes this research. It recapitulates the general findings, describing their major 

contribution and achievements, as well as giving recommendations for the following researches. 
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Chapter II 
 

2. Collecting data from various cartographic products 

2.1 Introduction 

To create a GIS database it is required to determine its content. It is required to know are the 

sources of information available to come to the desired result. The various cartographic products 

offer a good opportunity to come up to the required research results rapidly, accurately, and 

efficiently. The more available diverse cartographic products, the research results are more 

complete and at the same time are faster; it would take time to collect all the necessary 

information from the field through direct measurements only. 

GIS functions for spatial data capture, including the numerous technologies for data capture as 

well as the many ways for conversion of source data into GIS-compatible formats. These functions 

include (Johnson, 2009): 

 Tablet digitizing 

 Scanning 

 Format conversion 

 Surveying and COGO (coordinate geometry) 

 GPS (global positioning system) 

 Photogrammetric data development 

 Image processing 

 Geometric transformations 

 Projection conversions 

 Attribute entry and editing 

 Metadata 

 

Maps are the main source of information for GIS and one of the ways in visualizing information 

generated with GIS (Franges et al., 2002) 
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Data sources for GIS are broadly classified as primary or secondary. Primary data are those 

collected through first-hand surveys and can be termed raw data if they are unprocessed 

observations. Secondary data are those collected by others, perhaps even for a different purpose, or 

have been derived from published/marketed sources. All data used in connection with GIS that 

have dimensionality, can be categorized by measurement type and have characteristics of scale and 

resolution. Furthermore, the data may be an exhaustive compilation, or it may be a sample 

(Brimicombe, 2010).  

For the purpose of this study, data from various cartographic products are used, such as 

orthophotos, cadastral maps, topographic maps, soil map, documents from land registry, 

meteorology institutes etc. In order to get the required information to create a GIS application, 

this chapter begins with a brief description of the existing various cartographic products; products 

relevant to this study that are available in various institutions. These products are in vectorial and 

raster forms. So, the analysis of existing data necessary to conduct this research would be made. 

Also all the records will be stored in two formats: raster and vector. 

At the outset, sources of data used in GISs may be (Bernhardsen, 1999 &Zentai, 2006):  

- In various digital forms: vector, raster, databases, spreadsheet tables, satellite data, and so 

on,  

- Nondigital graphics, such as conventional maps, photographs, sketches, schematic diagrams 

- Conventional documents in registers and files 

- Compilation in scientific reports 

- Collections of survey measurements expressed in coordinates or other units. 

2.2 Study area 

Before starting the data collection necessary to conduct the research, initially the area of study was 

identified. The study area for this research is the distribution of vineyards in the territory of 

Kosovo. There is a lack of information on this field in relevant state institutions. Even if one can 

find some records that exist (textual and graphic), they are very deficient and do not provide 

accurate information on the state of vineyards in Kosovo. Development of a GIS system which will 

manage and produce various cartographic products is more than necessary. 

Based on the fact that wine cultivation in Kosovo is present in the Dukagjini region (West 

Kosovo), then this region is considered as a viticulture region in Kosovo. With its climatic and 

topographic conditions, this region offers great opportunities for wine cultivation. 
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The Dukagjini vineyard area is divided in North and South vineyard sub-regions.  All of this is 

regulated by the relevant institutions through administrative instructions for determining Kosovo 

viticulture territory. The layout of vineyards in Kosovo territory is divided into (Administrative 

Instruction no. 03/2009) 

 Region 

 Sub-region 

 Viticulture Area 

 Viticulture Location. 

Kosovo has a vine growing Region – Region of Dukagjin, and two sub-regions: South Sub region 

and North Sub region (Figure 2.1). South sub region has 6 viticulture areas: Rahovec, Suhareke, 

Gjakove, Prizren, Mamushe and Malisheve. North sub region has 3 viticulture areas: Peje, Istog, 

and Kline (Table 2.1). South sub region has 160 viticulture locations, while North sub region has 

55 viticulture locations. 

 

   Figure 2.1 Viticulture region               Table 2.1 Municipalities in Dukagjini viticulture region 

 

Study area was located in south-western Kosovo and covers an area of about 3500km². It is located 

between latitudes 42°9'9.854" and 42°48'57.804"N and longitudes 20°17'5.691" and 21°15'32.650"E. 

The vineyards lie between 310m (the lowest altitude) and 795m (the highest altitude). 

Municipality Area (ha) 

Gjakove 58662.52 

Rahovec 27589.93 

Malisheve 30641.66 

Prizren 62686.83 

Suhareke 36094.32 

Mamusha 1094.44 

Peje 60245.41 

Istog 45435.89 

Kline 30898.33 

Total:  353349.33 
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2.3 Cadastral maps as spatial information source 

Cadastral plans have an important role in identifying the boundaries of vineyard parcels and they 

are a very good source of information. A cadastral map is a map showing the boundaries of 

subdivisions of land, often with the bearings and lengths thereof and the areas of individual tracts, 

for purposes of describing and recording ownership. It may also show culture, drainage, and other 

features relating to land use and value (www.worldatlas.com/mapterms.htm). 

Because each vineyard is associated to a parcel, it is necessary to make the identification of parcel 

boundaries. This identification is made through cadastral plans. Association of the actual vineyard 

user with the parcel is essential in eliminating uncertainties between the actual user and the 

official owner. These plans have an important role in this research because they provide 

information on the current official situation of property borders, where each parcel possesses its 

own number. This helps the information collection on vineyards in the terrain, by eliminating the 

errors between actual users and the official owner. Cadastral maps show land ownership, rights to 

land access and use, and obligations. In most countries they are best known for their use in 

taxation (Harvey, 2008). 

 

2.3.1 Cadastral maps used in this research 

Kosovo territory is covered with cadastral plans in scale of 1:500, 1:1000 for urban areas, and 

1:2500 and 1:5000 for rural areas. Study area was covered by plans of scale 1:2500 (Figure 2.2). 

Cadastral plans are provided by relevant Kosovo institutions. 

The format of the plans has been in raster, but through the process of digitalization these plans 

were converted in vector format. A vector data model represents space as points, lines or polygons 

that are geographically referenced. The raster model divides a space into equal sized cells (pixels) 

with attributes recorded as a numeric value for each pixel; remotely sensed data are an example of 

raster data (Quan et al., 2001). 
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Figure 2.2 Cadastral plan in raster format 
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2.3.2 Converting of cadastral maps from raster to vector format 

All plans that have been in raster format have been converted to vector format through 

digitization process. Digitization is a process of conversion of existing maps from analogue form 

into digital form. With the help of this process digital maps are obtained; all the geographical 

elements in the obtained map appear in the vector form (Figure 2.3). These maps are very 

transparent for further use for multiple purposes. They are easy to maintain - updating them is 

very easy and have a low cost. Digitalization in fact represents an important and complex process, 

which consists of three main stages: scanning, goereferencing, and vectorizing (Idrizi, 2006). 

 

 

 

Figure 2.3 Cadastral plan in vector format 
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2.4 Topographic maps as spatial information source 

Topographic maps are another important element and have an important role in this research. 

They are used to determine the terrain slopes and elevation of specific points. The slope is 

determined through Digital Relief Model (DRM). According to USGS, the feature that most 

distinguishes topographic maps from maps of other types is the use of contour lines to portray the 

shape and elevation of the land. Topographic maps render the three-dimensional ups and downs of 

the terrain on a two-dimensional surface.  In almost any geographic or cartographic application, 

topographic surfaces are regarded as functions f (x,y), associating with each point (x,y) its 

respective altitude and being at least twice continuously differentiable, a view that is also widely 

employed when dealing with mappings describing socio-economic, physical, and other 

phenomena (Rana, 2004 & Achilleos, 2012). 

The topographic map is a graphic image of part of the surface. All of the essential physic 

characteristics of the surface from the map-making area are plotted on the topographic map with 

specific topographic symbols (Emilova et al., 2012) 

 

2.4.1 Topographic maps used in this research 

Topographic maps for the Kosovo territory are in raster format, in scales of 1:25,000, 1:50,000, 

1:100,000, 1:200,000 and 1:500,000. In these research topographic maps of scale 1:25000 were used 

(Figure 2.4). 
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Figure2.4 Topographic map in raster format 
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2.4.2 Converting of topographic maps from raster to vector format 

 

The presentation of specific relief of the study area is done with the help of contour line. Contours 

are open or closed curved lines, which, depending on the shape of the terrain, connect points with 

the same elevation. 

The digital relief model is achieved by vectorizing contours from topographic maps through the 

process of digitization (Figure 2.5). The presentation of contours in vector form through 

digitization is carried out with the so-called manual vectorization, respectively a click over the 

entire length of contours in topographic plans. This vectorization method is slower but more 

accurate method than the automatic and semiautomatic vectorization methods. The use of 

contours will have an important role in this research because it will show the slope and elevation 

of the vineyards – these two are one of the key elements in the decision-making process to 

determine the extension of potential vineyards from relevant institutions. 

 

 

 

Figure 2.5 Vectorized Topographic Map 
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2.5 Orthophotos as spatial information source 

Lately, aerial photographs and orthophotos have become a very important in providing 

information that can be used and incorporated for production of various maps. Given the 

importance of this information most GIS systems develop modules to support different formats of 

images and orthophotos and by providing them as background which offers extraordinary 

auxiliary in achieving the desired outcome during the handling of spatial data. In this thesis 

research orthophotos play an extremely important role because they identify the areas planted 

with vines, making it easier to reach the intended information. 

Aerial photography is the collection of photographs using an airborne camera (Morgan et al., 

2010).Orthophotos are radiometrically processed aerial photography data, geometrically projected 

to an orthogonal map projection by using an elevation model. In an orthophoto the scale or 

distance between points are not affected by variations in the terrain (GSD, 2015). 

Digital analysis of remote sensing data provides both spectral and spatial information. In many 

circumstances, the attribute information obtained from the analysis of spectral data is poor. Such 

analyses usually require, as in the McGowan study, the addition of ground survey information to 

raise the quality of the attribute information to a useable level. On the other hand, spatial data 

from remote sensing can usually be readily transformed to high quality spatial information 

without the provision of very much supplementary data (Peter Atkinson& David Martin, 2000). 

 

2.5.1 Orthophotos used in this research 

The entire Kosovo territory is covered with orthophoto maps which are obtained from the 

aerophotogrametric measuring. So far, the orthophotos for the Kosovo territory are produced 

several times by the relevant institutions, in 2004 with 60 cm pixel size, in 2009 with 40 cm pixel 

size, and in 2012 (Figure 2.6), with 20cm pixel size. 

 

 

https://bioscience.oxfordjournals.org/search?author1=Jessica+L.+Morgan&sortspec=date&submit=Submit
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Figure 2.6. Orthophoto  

 

 

2.5.2 Vineyards data collection from orthophotos 

The vineyards identification process from the orthophotos is carried through digitization by 

identifying vineyard areas from the orthophotos produced in 2009 and 2012. The reason of using 

the 2009 orthophotos is that part of the viticulture territory has not been covered with 2012 

orthophotos. 

 

The vineyard vectorization in orthophoto is accomplished similarly to the one in topographic 

maps. The appearance of vineyards in vector form is accomplished by digitizing the so-called 

manual vectorization, respectively clicking the vineyard borders on the orthophoto (Figure 2.7). 
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The data in digital form are transparent. Apart from being used for digital display of geographical 

elements, they may be associated with alpha-numeric attributes. This creates opportunities for the 

formation of Geographic Information System (GIS) thus offering the possibility of using these 

elements for various analysis and actions such as the creation of digital terrain model, the 

development of various maps etc.  

 

 

Figure 2.7. Vectorization (digitalization) of cadastral parcels with viticulture 

 

 

 

2.6 Soil map as spatial information source 

As a very important element in achieving the intended results in this research was also pedological 

soil composition. Soil map is a very important component of a viticulture asset management 
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system. Through pedological map, it is possible to know the soil types in the existing vineyards in 

the Dukagjini vineyard region. It is also essential in the planning of areas with growth potential 

for new vineyards. 

Soil map includes all types of pedologic soil in all municipalities that make up the vineyard region 

of the Republic of Kosovo. The types of soil are regrouped from the old classification (Pedology 

Map) into the FAO / UNESCO 1993 classification. Therefore, the results and analysis values of the 

researched parameters are also grouped according to the abovementioned method. 

Soil map provided by relevant institutions was in raster format (Figure 2.8). The presentation of 

soil texture in vector form is done similarly to the abovementioned maps. It is accomplished by 

digitizing the so-called manual vectorization, respectively clicking the entire soil texture borders 

in pedologic map (Figure 2.9). 
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Figure 2.8. Soil map in raster format 
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Figure 2.9.  Vectorized Soil Map 

 

It has to be noted that the coordinate system of all the maps elaborated above is KosovaRef 01 

national system. Chapter three explains the elements that characterize this system in details. 

 

2.7 Conclusions 

In general, when planning for the implementation of GIS systems in a specific field it is also 

needed to plan the resources and means of obtaining spatial and tabular data. The use of existing 

data sources that meet the criteria of precision and scope must be taken into account. Such data 

can often be found in different formats, such as vector or raster. In case of data in raster format 

they need to be converted in vector format through GIS. This is done in order to have unified 

spatial data in the same format which then can be analyzed simultaneously.  

The existing data that were gained from the relevant institutions are very useful and provide 

enough information to create a GIS system. The obtainable information that was managed to be 
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gathered are quite accurate and sufficient and will have an important role to design a GIS system 

that contains all data and information necessary to come to the intended result. Identification of 

the borders of parcels, the location of the vineyards, the slope of the terrain, determination of 

elevation and soil composition are a key element to build a GIS system which would provide 

sufficient information for further analyzes to various users. 

During the comparison of vineyard surfaces from orthophotos to the parcel vector obtained from 

cadastral maps, in some cases are noticed discrepancies between the parcel border and vineyard 

border. As a base for the insertion of geo-information in the GIS system the vectorization of the 

existing situation in the field from orthophotos was taken. 
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Chapter III 
 

3. GPS/GIS techniques for field data collection 

3.1 Introduction 

Digitalization/vectorization from different map sources as is explained in chapter two doesn’t 

assure that all relevant data have been captured, once because of the visibility errors, but also 

because of the absence of certain data in the time of aero photographic flight. This lack of the 

information can be improved during the data collection in the field by using GPS technique. 

Together with identification of the certain data in the field, the collection of all relevant 

information in relation to that data (attributes) can be also instituted. 

This chapter presents various techniques for data collection from the field such as: data collection 

through measurements with GPS, data collection through mobile devices with real time 

synchronization (GPRS-Internet), and data collection through mobile devices with offline 

synchronization (not real time). Nowadays, GPS plays a very important role in the development of 

computer technology that associates each piece of information with its geographical position 

(location). Apart from improving the terrain measurements and map creation process, GPS has 

become important in its use in GIS (Geographical Information System). 

Due to the terrain changes, for a proper function of a GIS system, it is very necessary to collect and 

update data from the field. Thus, it is necessary to determine the best way to collect and update 

these data. The contemporary technology has made it possible to collect these data directly on the 

ground. Data collection is done through GPS techniques, via mobile devices, PDA, Smartphone, 

etc. 

The way GPS is used, by providing GIS data, it can be categorized in two broad areas. The first is 

simply applying a controlling reference to some other source of data from which the GIS can 

collect the information that it needs. The other is to use GPS for the direct acquisition of the GIS 

information (French, 1996).  
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This research uses various GPS and GIS techniques for vineyards data collection from the field. 

Field data collection means the collection of different information about vineyards: geographic 

location, user’s information, cadastral zone, parcel number, name of the place, variety, planting 

year, distance between rows and grapes, planting system. All these data are requiring the 

establishment of a GIS system that contains all the information from each vineyard. 

 

3.2 GPS techniques for field data collection 

Global Positioning System (GPS) performs an excellent facilitation in the field data collection 

process and it is playing a very important role in the map creation process. GPS provides 

opportunities for accurate and precise measurements and as such it has found application in many 

fields by providing the position (location) of specific information during the collection of 

attributes in order to create a Geographic Information System (GIS). GPS technology provides the 

fastest, easiest and most productive method of mapping the locations and geometries of ground 

features for a GIS database (Trimble, 2007). 

GPS has become an essential tool for a large number of users in various applications. It also 

contributes on increase of the productivity in many professions. Imagine new ways that real-time 

and accurate GPS positions can power new applications to your GIS. If you are using GPS and not 

using GIS, think about how GIS can easily manage your location data and provide new levels of 

visualization and analysis. GPS is one of the great new technologies of our lifetime, and its 

integration with GIS delivers powerful applications to improve our daily lives (ESRI, 2007). 

 

The entry of attribute information into a GIS by using a GPS receiver is facilitated by a data 

dictionary, which is a hierarchical collection of textual terms stored in the GPS receiver’s memory. 

The terms fall into three categories (Kennedy, 2002): 

 Feature 

 Attribute 

 Value  

 

GPS has played a very important role in this study because it has provided accurate information on 

the location of vineyards in the field. It has also enabled a fast data collection and data processing. 
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3.2.1 Application of GPS 

Global Positioning System (GPS) is a satellite – based navigation and positioning system. It uses a 

ground receiver to determine location by the triangulating between several satellites in known 

position. The GPS receiver calculates the distance from its position and satellites by calculating the 

time needed to transfer a radio signal from satellites to the recipient as well as knowing the speed 

of signal itself. Knowing the exact location of the satellites and its exact distance from each 

satellite, the GPS receiver enables the calculation of its position very accurately (up to a 

centimetre).   

While moving around, earth satellites continuously transmit information on their time and 

distance. The GPS accepts this information and makes accurate calculation of the position through 

triangulation where each point on earth is identified with its coordinate (Monmonier, 2015 & 

Lekkerkerk, 2007). 

GPS (Global Positioning System) is a navigation system based on satellite navigation composed of 

24 satellites placed in orbit, where by a standard elevation angle of 15 ° every earth surface is 

visible to 10-12 satellites at any time. Besides GPS, there are other satellite navigation systems 

such as GLONASS, GALILEO, BEIDOU, and IRNSS; despite many technical differences each of 

them consists of three components / basic segments: 

 Spatial Component 

 Control Component and 

 User 

 

The GPS survey techniques used to establish this framework should be accurate enough to 

adequately support current and future applications of GIS. If the GIS will be a long-term geospatial 

information management system, then the geodetic control network should be designed to support 

such an effort. If the GIS will be updated and maintained using GPS technology, the control 

network may have to be in a fairly dense grid (Bossler, 2002). 
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The main principle of calculating the distance satellite - receiver is the formula: 

d=v*t  

where: 

v- speed of radio waves (speed of light); 

t- time span between the beginning of signal transmission until it reaches the receiver on GPS. 

In this thesis research for the collection of the data on the specific locations, mobile devices with 

integrated internal and external GPS on it were used, with accuracy of 3-5m; they are used mostly 

for orientation. A more accurate determination of the polygon location is made through 

orthophotos incorporated into PDA/ArcPad. For the determination of the vineyards location that 

are planted after the year of the creation of orthophotos (2012), or vineyards that were not 

identified in orthophoto, a measurement of their position/location is made accurately with GPS 

receiver. In cases of vineyards measurement without orthophoto, a configuration ArcPad with a 

GPS receiver is done, using the RTK (Real Time Kinematics) technique, while KOPOS permanent 

network as a reference point or base station is used. 

 

3.2.2Reference network in Kosovo 

KOPOS system is a national reference network that is part of Continuously Operating Reference 

Stations (CORS) of GNSS / GPS infrastructure, providing real-time and highly accurate 

measurements for areas such as Geodesy, Cartography, Navigation, etc. 

Currently the whole territory of Kosovo is covered by first and second order reference network. 

Third order reference network was established in some of cadastral zones, but are not covering the 

whole territory. The first phase of establishing these referent networks started to be implemented 

in year 2001, where GPS methods were used in that process. After the first order was 

accomplished, in 2002 Kosovo Cadastral Agency (KCA) as responsible institution for Cadastre and 

Geodesy implemented the project by establishing the second order reference network. GPS 

methods were used within this project as well. Most of land surveying for cadastre, engineering, 

agriculture and land management were carried out based on these geodetic networks. Some years 

ago, KCA started to implement projects in establishing third order of geodetic networks. However, 
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from 2007 the state agency started to plan and in 2013they finished the project of Kosovo 

Positioning System (KOPOS). Nowadays this GPS reference network is working properly. 

This system covers the territory of the Republic of Kosovo and it is accessible 24/7 from the central 

server, where NTRIP (Network Transport of RTCM via Internet Protocol) standardized protocol is 

used as a form of RTK for exchange/transfer of revisions (Table 3.1). 

 

 

 

Table 3.1.  Source table of NTRIP Techniques 

 

KOPOS includes 7 permanent stations which provide signals for Real Time Kinematic surveying 

for the whole territory of Kosovo (Figure 3.1). The system is designed for possible cooperation 

with the systems of other neighboring countries such as: Montenegro, Albania, Macedonia and 

others. 
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Figure 3.1. Referent stations in Kosovo 

 

3.2.3 Coordinate system 

 

KosovaRef 01 is the coordinate referent system of the Republic of Kosovo, where geodetic and 

cartographic data are presented. The coordinate referent system is defined in 2001 and was named 

"KosovaRef01". The coordinate referent system "KosovaRef01" is composed of geodetic datum 

parameters and cartographic projection parameters. 

Every coordinate system has a set of attributes that enables users to interpret the meanings of the 

numerical values of the coordinates (Iliffe and Lott, 2008). The fundamental coordinate system for 

surveying and mapping is a set of geodetic coordinates related to a particular datum. It is then 

necessary to consider how to arrange the data so that it can be placed on a flat surface (Iliffe, 2000) 

All official cadastral, geodetic, and cartographic data that are in possession by Kosovo relevant 

institutions are based on coordinate system “KosovaRef01”.The state coordinate system of the 

Republic of Kosova (KOSOVAREF01) was defined on year 2001, based on ETRS89 datum and 

Gauss-Krüger projection with 1dm/km negative linear deformation along the central meridian 

(21_E) and 7500000m false easting. During the process of defining of parameters of new 
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coordinate system, in a period from 1999 to 2001, referent map projection followed by all its 

parameters has been obtained from old coordinate system, (Idrizi et al., 2009):  

Year of defining: 2001 

Period of utilization:  2001-ongoing 

Datum:  ETRS89 

Ellipsoid:  GRS 80 

Map projection: Gauss–Krüger 

Projecting zone:  7th 

Width of the zone:  3° 

Prime meridian:  Greenwich 

Central meridian:  21° 

Origin of latitude: Equator 

False easting:  7500000m 

False northing:  0m 

Scale factor:  0.9999 

Length units:  Meter 

Origin of elevations: Mareograph “Molo Sartorio” – Trieste, Italy 

 

 

State plane coordinate systems are built on map projections, a term that refers to represent a 

portion of the actual Earth on a plane. Used for hundreds of years to create paper maps, the use of 

this system continues, but map projection today is most often a mathematical procedure 

performed by a computer (Swickle, 2010). 
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3.3 PDA –techniques for field data collection 

It can be concluded that PDA has replaced the data collection from the field; from the data 

collection from the paper method (by indicating all the records on paper) to the data collection in 

electronic form. These days a collection of new data from terrain and a regular update of the data 

is a needful, it is necessary to determine the easiest method for collection and update. With the 

modern technology it has been made possible that collection of these records to be carried out in 

the field directly through mobile devices such as PDA (Donatis et al., 2005). 

The user `sees' the object of interest in both forms, naturally and symbolically on the digital 

graphic display. This contributes to an easier process of matching symbol dimensions (used in 

maps) directly with phenomenon dimensions (occurring in nature), (Pundt &Runde, 2000). 

With the rise of smart phones and ever more sophisticated handheld computers, many that now 

incorporate GPS (‘‘sat nav’’) technologies make a tremendous potential for undertaking mixed-

method research, including the collection of spatially referenced data (Jones et al., 2011). 

Mobile GIS is an integrated technological framework for the access of geospatial data and location-

based services through mobile devices, such as Pocket PCs, Personal Digital Assistants (PDA), or 

smart cellular phones. With the advancement and convergence of GPS, Internet, and wireless 

communication technologies, mobile GIS have a great potential to play an important role in the 

field data acquisition and validation (Tsou, 2004). 

Mobile technology in general and mobile GIS in particular has proven itself to be an invaluable 

tool for utilities. From simple attribute updates to complex geometry editing, users are eliminating 

many steps that are potential error sources while simplifying and expediting fieldwork and 

decreasing its cost. The functions and advantages of mobile GIS can be further extended to many 

applications in various fields to form professional mobile GIS application systems (Drummond et 

al., 2007). 

In this study, the method of data collection through off-line synchronization mobile devices was 

chosen. These devices, that have operating systems installed on them, enable the installation of 

various software and applications for data collection from the field. There are numerous reasons 

for choosing this data collection method in this research. Initially, vineyards are located in a wide 

and mountainous terrain where there is limited GPRS coverage. Further, there is a large amount of 

data and orthophotos transfer that must be made in the device. So, having to transfer large amount 

of data in a limited GPRS coverage area, is not a good solution.   
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The software which is quite useful and qualitative in this area is ESRI's product named ArcPAD. 

ArcPAD provides database access, map creation, GIS, and GPS integration to the users directly in 

the field by mobile devices and handheld equipment. The ArcPad is an application that is installed 

in mobile devices and enables access to the database, map and the GPS.  

Data collection through ArcPAD is fast and quite easy. As it was mentioned above, ArcPAD is part 

of the GIS solution and it is integrated into ArcGIS.ArcPAD supports maps in vector and raster 

forms including the ESRI shape files, JPEG, BMP and MrSID image format. 

ArcPAD can be used to: 

 Collect accurate and reliable data on the field, 

 Integrate GPS and digital cameras during data collection on the field, 

 Improves productivity and data populating in GIS. 

In order to have this technique of data collection from the field work, the steps below are 

mandatory to follow: 

1. Design of initial geodatabase for data collection, 

2. Software development (forms and programming), 

3. GIS Operators (data synchronization with gdb), 

4. Users (data collection from the field). 

 

3.4 GDB design for field data collection 

Designing geodatabase for data collection is based on a common set of steps with basic GIS 

projections, which is done via ArcGIS Diagrammer software. Geodatabase design includes spatial 

information organization in a series of data based on layers and other information related to these 

spatial data. So, in order to design the geodatabase, initially the features that will be used should be 

identified and their content and representation of the features should be specified. 

Steps to geodatabase design begin with: 

1. Identification of the features and data to be included in the geodatabase. 

2. Definition of table structure and descriptive attributes, meaning, identification of the 

attribute field and column type. It can also include the list of codes in attribute, table 
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relationships and sub-types, through which the classification and the ranking of attributes 

can be done. 

 

Geodatabase design with ArcGIS Diagrammer (Figure 3.2) enables the geodatabase to be valid and 

more stable, have a detailed design of every field-attribute and its type, geospatial extension of the 

feature, the list of codes for attribute, categorization via codes, creation of special tables with 

textual data, creation of relations between tables with textual and spatial data. 

This study identifies the features dealing with vineyards, as a spatial data: polygon with its 

characteristics: area, the terrain data, data on the user, the varieties and the inclusive percentage, 

or the number of vines and dimensions between rows and vines, etc. 

 

Figure 3.2. Geodatabase Design – ArcGIS Diagrammer 
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On this step of designing geodatabase, it is of great importance to identify all features that will be 

included in the data collection on the field. Identifying these features and data enables a detailed 

understanding of all forms of geospatial features as from the geospatial aspect it predicts what form 

will the feature be: polygon, line, or point, and in terms of what attributes that feature will 

include. From the beginning of the data collection on the field and data importing in the database 

(DB) the tasks are structured in this form: 

 Software development: forms for collecting data on the field and the application are 

developed; 

 Operating data in GIS:  preparation of data that are available and synchronization of the 

data coming from the field after measurements; 

 The use of application: the data collection from the field through mobile devices and GPS. 

 

3.5 Developing of application and forms for data collection 

Application development for mobile devices allows the data collection in the forms prepared 

specially for this research and it also allows the data synchronization with the geodatabase. 

Application development is performed by ArcPAD Studio, which creates the form and design. It 

also makes the connection to the database where data should be stored. 

A form prepared for data collection is presented in Figure 3.3. 
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Figure 3.3. Development of ArcPAD application for data collection from the field 

 

The development of application forms is done through XML and VB script for the data 

connection. The data are stored in local directories of the device in Shape File format (shp) for 

spatial data and DBF for textual data such as the owner, the distance between rows, the distance 

between vines, variety, year of plantation, etc. (Figure 3.4). 
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Figure 3.4. Form in XML and the code for connection with the tables in VB script 

 

During the development of the application, the device (ArcPad) is configured with GPS device. In 

some equipment the internal GPS of PDA is used, while in some other equipment the external 

GPS is used via Bluetooth communication. While integrating GPS with GIS there si the possibility 

to present "Real World" digitizing for the collecting of physical data and objects. Any device that 

generates coordinates and outputs data in the format recognized by a GIS can be used as a 

digitizer. 

 

During the data export, one can define the layers that can be created, modified, deleted and layers 

which serve for orientation and identification and raster formats exporting (orthophotos, plans, 

etc.).After the data are put on the map and the symbologies are created, their export (Figure 3.5) 

and the selection of data for ArcPAD (Figure 3.6) is done through ArcPAD Data Manager Tool. 
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Figure 3.5. Data Export through ArcPAD Data Manger 

 

 

Figure 3.6. Data Selection for ArcPAD 
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After collecting new data from the field or changing existing data, they are registered in the 

geodatabase. The registration of these data in the geodatabase is done very accurately with 

ArcPAD Data Manager (Figure 3.7) which enables the insertion of the new records, respectively 

the automatic update of the changed records. During data import in the device, a report is 

generated containing the number of created, edited, or deleted objects. (Figure 3.8). 

After imported, these records are automatically updated in the geodatabase and relevant maps. 

 

 

Figure 3.7. Data registration in ArcPAD Data Manager 
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Figure 3.8. Device synchronization with the geodatabase 

3.6 Process of data collection 

The application is designed to offer an ease of use while on the field. Thanks to the modern 

technology, data collection through mobile devices has become easier and there is a low chance 

for errors to occur. Points, lines, and polygons can be created depending on how that feature is 

defined (Figure 3.9). The positioning or coordinates receiving can be done through the technology 

of Global Positioning System (GPS), and the orthophotos layer. 

One of the biggest advantages of GIS applications using GPS is that data are collected quickly and 

accurately with a suitable reference system. With data logging GPS receivers the coordinates; 

time, and other attribute information can be collected and then exported to a GIS data base with 

no manual digitizing operation. Since GPS provides a common reference system, data from GPS 

sources and sources rectified with GPS will register with each other and with GPS data collected 

in the field. This is an important feature. 
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Figure 3.9. Creation of the vineyard and data collection 

The application provides a set of tools for modification of features (Figure 3.10) as well as various 

measurements such as the cut of arcs by two points. It is also possible to attach pictures of that 

feature taken with the integrated camera on the mobile device. The data collected in the field 

together with the digitalized data are checked and controlled not only in systematic manner but as 

well as in geometric correctness. 

 

 Figura 3.10. Vineyard Modification / Editing 
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3.7 Conclusions 

GIS technology used in data collection directly from the field enables the integration of existing 

data in various formats and the use of GPS as a way of determining the location in real time. Data 

collection in the field with PDA / GPS has facilitated the work in the field. Information collected 

is quite accurate and the cost of printing maps and forms for use in the field is reduced. Further, it 

has raised the efficiency and the speed of data collection, it is offering fast and precise orientation 

on the map, and has entirely eliminated the need for vectorizing work in the office (now, the data 

collected in the field are directly transferred in the geodatabase). 

The main priority of mobile GIS technology is that the data acquired will be integrated into the 

designed database in advance; so, it will not be necessary for such data to be processed further. The 

reason why such a technology is necessary to be applied during the spatial data collection is the 

lack of such existing data. In fact, the existing data such as orthophotos or satellite images do not 

reflect the real situation in the field. As such, they are not reliable to be based on for further 

processing from the office, without visiting the field for data verification first. 

Knowing that integrated orthophotos in PDA have a large size, the application manages them 

quite well and causes no delays at all during their use in the field. Thus, a proper design of the 

geodatabase plays a key role in data editing and data collection from the field. Without a good and 

appropriate design for a particular job, data editing and data collection from the field may fail. 
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Chapter IV 
 

4. GIS techniques for data management 

4.1 Introduction 

 

 
Vineyards in Kosovo 

GIS represents the combination of data content and management, with their spatial position and 

analysis techniques to facilitate the understanding of real-world objects and the relationship 

between them. Geographic Information Systems (GIS) are computer based tools for mapping and 

analyzing features and events on earth. GIS technology integrates common database operations 

such as query and statistical analysis with the unique visualization and geographic analysis are the 

benefits offered by maps (Monroe County.gov).According to Parker et al., 2009, GIS allows for the 

display of multiple variables in different formats in order to convey more complex information. 
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GIS is a tool that can access, integrate, and distribute layers of map information (Esri, 2014). The five 

parts of a GIS include hardware, software, data, procedures, and people (Bandrova et al., 2014) 

The three most important elements of a typical Geographic Information System can be 

summarized as follows (Logsdon, 1995): 

1. Cartographic capability; 

2. Data management capability; 

3. Analytical capability. 

The cartographic capabilities built into a Geographic Information System permit the computer- 

aided by skilled human operators-to produce accurate maps. The data management capabilities 

enable the GIS operators to store and manipulate map-related information in convenient graphic 

and monographic formats. The analytical capabilities associated with today's GIS software permit 

the trained operators to process and interpret spatial, tabular, and graphical data in a variety of 

useful ways. GIS is all about integration of data (Esri, 2013 & Kending 2015). 

In the narrow sense, a GIS consists of a system for data input in vector form, in raster form and in 

alphanumeric form, further a CPU containing the programs for data processing, data storage and 

data analysis and finally contains facilities for visualization and hard copy output of the data. In a 

broad sense, a GIS includes the data, which are managed by an administration or a unit conducting 

a project for the purposes of data inventory, data analysis and data presentation for administrative 

support or for decision support (Konecny, 2003). 

The application of such GIS based methodologies will eliminate other management methods, like, 

manual method, which will not achieve the intended result. So, the application of information 

technologies (IT) based on GIS will help into achieving proper management, analysis, and 

planning in the field of viticulture, and other areas of agriculture as well. A good GIS program is 

able to process geographic data from a variety of sources and integrate them into a map project 

(Esri, 2009). 

This chapter explains the method of designing the web application for vineyards management in 

the territory of Kosovo. Considering that this system will be used by national institutions, this 

system should be easy to use, and have a simple design.Knowing that spatial and non-spatial 

information related to Kosovo vineyard assets are voluminous, spread in a vast territory, and fairly 

distributed, it suggests thatthe best way for their management is through the use of information 

technology (IT), specifically the creation of a unique system based on the GIS methodology. 
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The purpose of creation of the system for vineyards management is to provide a general database 

of vineyards assets for a particular country. The easiest way to create a detailed documentation for 

the viticulture assets and wine industry can be achieved through unique system based on GIS. 

Creation of such system serves as an evidence of country assets and enables various planning and 

analysis in the field of viticulture and enology. Issuance of certificates and accompanying 

documents to farmers is a major objective of such system, in order to offer their products in the 

domestic market as well as in the foreign countries. Farmer applications for support, subsidies or 

loans are much more effective if their vineyards are provided with official documentation and 

accurate in spatial aspect also from that of quality and variation. With this system farmers are able 

to export their product worldwide. 

The development and management of a GIS system would make an interconnection of all the 

products mentioned above that are necessary to reach the intended result of this study. The GIS 

system in this study will connect all the existing data (cadastral maps, topographic maps, 

orthophotos, soil map, etc.) with the collected data from the field through GPS techniques. All 

these data are stored in one place, and by accessing them through the developed application it 

makes possible to produce maps, conduct various analyzes based on the requirements (either 

farmer requirements or institution requirements), and produce various graphs and statistics 

(Figure 4.1). 

 

Figure 4.1 The ArcGIS Family of Products. Working together to Provide Cartographic 

Productivity (ESRI, 2004). 
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In a GIS, management of spatial data is concerned with (1) storing data in the computer (i.e., 

spatial data capture) and (2) organizing data in the computer (i.e., spatial database creation). 

(Emmanuel John M. Carranza, 2009).Recent geographical information systems (GIS) provide 

several mechanisms to support the user in the activities of exploring, analyzing, and querying 

geographical information (Catarci et al., 2004). 

The development of such information system would be in full compliance with EU directives in 

relation to the overall management of the agricultural crops, in particular vineyards, applicable to 

the member countries or those aspiring to be part of the EU - in this case Kosovo. 

 

4.2 Developing a GIS system for data management 

Nowadays, the use of various technologies in spatial data collection, such as Geographic 

Information System (GIS), is playing an irreplaceable role in the management of different 

agricultural crops - one of these cultures is the vine. GIS is a system that offers improved data 

management, presenting these spatial data in various forms based on the users requirements. GIS 

provides sufficient information for decision making. Beside spatial data analysis, the development 

of Web-based GIS system enables real-time and remote access to the relevant institutions for data 

management as well as to the farmers for obtaining information necessary for their vineyards. 

All this can be achieved by developing a GIS application that manages these data. Currently, all 

GIS applications are designed to operate with geographic data (spatial data). As we know, spatial 

data contain information on the position/location that is related to other features of that 

information. 

Development of a GIS application for proper vineyards management will contribute to facilitating 

the implementation of the tasks and responsibilities of employees based on the course of 

proceedings and their rights within the institution, as well as the update of data in real time from 

the users in various locations. 

In general, the development of such system will enable the following tasks: 

- Simultaneous textual and spatial data management, 

- Administration of the system, users rights, vineyards, etc., 

- Workflow management based on the roles and statuses, 
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- Requests for setting up new vineyard areas, 

- Requests for replanting vineyard areas, 

- Requests for removing existing vineyards, 

- Definition of potential vineyard areas, 

- Definition of geographical origin protected areas, 

- Statements on annual harvesting etc. 

 

In the development of such systems, special attention should be paid to the development of system 

technology, speed, data security, and ease of use considering that this system will be used by 

people of different profiles. An easy and understandable access and navigation, simple forms for 

data entry, retrieval, and edits, would make the system very practical and not complicated for 

operation and maintenance. 

Software applications allow easier providing of different perspectives and thus the user is 

facilitated by visual perception data. Interactivity is an important feature for achieving effective 

visualization. Due to this fact, the user is able to handle larger amount of data in exceptional 

processing capabilities (Boyanova & Bandrova, 2012). 

The basic challenge to the GIS user wanting to produce an effective map from their data would be 

to take a complex dataset and simplify it enough to make the patterns within it understandable on 

the printed page or the computer screen, without oversimplifying the data or distorting the 

patterns that it contains. The map, therefore, needs to present an honest summary of the data. Too 

little simplification will result in the patterns shown not being understandable. Too much 

simplification and the patterns will either disappear or be too simplistic to be meaningful (Gregory 

& Ell, 2007).A GIS system has four components: equipment (hardware), application (software), 

people, and data (Drishti 2011). 

GIS system starts with the construction of the base of the information. The base of the information 

is formed by combining the measurements taken on the field with their attributes, orthophotos 

and data collected through scanning / digitalization of various maps and various registers. The 

application allows the scanned maps to be displayed in the background while the vector is over 

them. When all these data are entered in the system, then the system is designed to establish 

relations between them in order to enable the production of various maps, generation of various 

statistics and analysis as requested by the users. The data in GIS system is entered in two forms: 

geographical or spatial data and attributes or non-spatial data. Spatial data are records that contain 

a geographical location in the form of coordinates. On the other hand, attribute notes are a cluster 
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of descriptive data that contain various information related to the analyzed location (owner, parcel 

number, grape variety, slope, exposition, etc.) (Figure 4.2). 

Data enter into a GIS in a more or less basic structure, as points and lines for vector-based 

applications and as pixels and images for raster-based applications. Such basic data are the building 

blocks for more complex structures that are needed to model the real world in a way that can be 

put to use for typical GIS applications (Kresse & Danko, 2012). 

 

 

           

 
 

         

          

          

          

          

          

          

          

          

          

          

          Figure 4.2 Different data sources 

 

The data format is another important consideration in data acquisition and use. The importance of 

format is due mainly to the software used to process the data and when comparisons among 

datasets that use different formats are desired (Clay, 2011). 

GIS are designed to support the production of maps. Several methods are available for map 

making. These include digitizing paper maps, generating maps from aerial photographs or satellite 

imagery, and collecting map coordinates using surveying techniques or global positioning systems 

(GPS). Second, GIS are spatial database management tools. In other words, they can be used to 

collect and manage spatially-defined data. The process of data management begins with defining a 

link between map data and attribute data. The term geocoding describes the process of linking 

attribute data with the spatial coordinates on a map (Mennecke & Crossland 1996). 
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Figure 4.3.Layers in GIS 

 

All these data in GIS are saved in layers that are connected to a common geographic framework 

(coordinate system). Each feature in the layer has its own unique identifier that distinguishes it 

from other features (Figure 4.3).Data layer combinations use analytic geometry tools such as 

combination operators between spatial objects. This is the case for superimposition, intersection or 

union, enabling us to quantify these relationships. Each parameter is described in one separated 

data layer (Brugnot, 2008). 

In general, two fundamental approaches when working with data are possible: deterministic models, 

including the analysis of data using physical models and deterministic interpolations, or statistical 

models which interpret the data as a realization of a random/stochastic process (Kanevski, 2008). 

It has become common to think of GIS databases as a series of map layers that are geographically 

referenced and registered to a common projection. Most GISs organize data by layers, each of 

which contains a theme of map information that is logically related by its location. Each of these 

separate thematic maps is referred to as a layer, coverage, or level. And each layer is precisely 

overlaid on the others so that every location is matched to its corresponding locations on all the 

other maps (Johnson, 2009). 
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The quality of data plays an important role in GIS. A good quality of data produces good maps. The 

introduction of GIS into mapping has produced a completely new (and perhaps less professional) 

user group compared to traditional map users. In such a situation, an understanding of the concept 

of quality will be very important and the marking of data according to its degree of quality a 

necessity (Bernhardsen, 1999). 

With all the afore mentioned information regarding of what a GIS system should contain in order 

to meet the requirements of various users, it can be concluded that the system will be based on 

WEB technology with client-server architecture, specifically three tier architecture (Figure 4.4): 

 

1. Presentation tier (GUI) - is a tier in which information of static and dynamic data, as well as 

graphics and maps are displayed. 

2. Logic Tier (Application tier (business logic, logic tier, or middle tier)) – enables data 

generation and processing in server application. 

3. Data Tier – allows management of logical database entities such as tables, views, functions, 

types, etc. 

 

The Web GIS Technology is also discussed and explained by (Minoura &Tashiro, 2006) and 

(Singleton & Longley, 2010)   
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Figure 4.4. Software architecture 

 

Based on such model the technological orientation of the system can be precisely defined as 

follows: 

 Data tier: PostgreSQL, PostGIS. 

 Logic Tier: JAVA, Apache Tomcat, GeoServer, GeoWebCache, Hibernate Spatial, JTS 

Topology Suite (JTS) 

 Presentation tier: Bootstrap / HTML5, Open Layers, jQuery / Ajax / JSON/ jqGrid 

 

The reason for choosing these technologies is that they are open source and they offer all the 

services and formats with OGC / ISO standards in the field of geoinformation, cartography, etc. 

Open source technologies is also discussed and explained by Singh, 2012. 

OGC stands for Open Geospatial Consortium and is the body that exists to try to standardize how 

geographic and spatial details are accessed and distributed. In that mission, they have numerous 

specifications that govern accessing geospatial data from web services, geospatial data delivery 

formats, and querying of geospatial data. OGC tries to enforce standards across all products so that 

regardless of how expensive your GIS platform is, you can still make your hard work available to 
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all constituents (Obe et al., 2011).Web GIS is an extension or application based on client/server 

model, in which spatial data is available in publicly accessible environment (Kurowska et al., 

2014). 

Data harmonization is necessary for creating the possibility to combine data from heterogeneous 

sources (e.g. regional datasets) into integrated, consistent and unambiguous information products 

(e.g. European datasets). Such datasets can be then easily used in combination with other 

harmonized data for viewing as well as querying and analyzing (Čerba et al., 2012). 

 

4.3 Data tier 

4.3.1 Database model 

Lots of data for specific events are produced continuously at various times. These data are gathered 

/ collected by methods explained in Chapter 2 and Chapter 3. All these numerous and voluminous 

data are managed in a database. 

A database is a collection of data stored in a structured format using a computer. A database can be 

thought of as a table, but the distinction is that the table is just one way (of many) to represent the 

database (Harvey, 2008). 

Database Management systems (DBMS) are an integrated and crucial component of most 

successful GIS (Maguire et al, 1991). 

The database design involves a complex featuring operations, by defining how graphics will be 

symbolized (i.e. colour, weight, size, symbols etc.). how graphics files will be structures, how non 

graphic attribute files will be structured, what is the active layer, in what scale shall the layer 

expose, how GIS products will be represented (e.g. map sheet layouts, report formats, etc.), and 

what management and security restrictions will be imposed on file access (Alesheikh et al., 2002). 

The creation of data model, which will accurately present the events and relations between them, 

is an important element while working with databases. Clarity of this data model is important to 

understand the geographical and cartographic layout. Data model should describe each entity and 

the attributes that are associated with them. 



4. GIS techniques for data management 

52 

 

The initial phase of the overall process of building an information management system based on 

GIS is the modelling built in relation to objects / phenomena of interest. Shortly, in order to create 

a model, the problem we want to solve in real world must be simplified. 

In order to visualize natural phenomena, one must first determine how to best represent 

geographic space. Data models are a set of rules and/or constructs used to describe and represent 

aspects of the real world in a computer. Two primary data models are available to complete this 

task: raster data models and vector data models (Campbell & Michael Shin, 2012). 

So, the management of information collected from the field starts with the modelling/design of a 

database. The organization of the database tables, records, and fields is called a “data model.” The 

creation of a data model is an important task and needs to be considered in conjunction with the 

geographic representation, cartographic representation, and communication objectives (Harvey, 

2008). 

Database is a structured collection of data files. A database management system (DBMS) is a 

software package that allows the creation, storage, maintenance, manipulation and data extraction 

which are distributed in one or more files. Therefore, this stage means proper organization and 

structuring of spatial and non-spatial data. Such an organization will directly lead towards an 

easier and more efficient management of spatial and non-spatial information. 

As regards the quality of GIS products, however, it is necessary to make a clear distinction 

between the usefulness of data inputs and of analytical outputs. Reliability concerns the trust or 

confidence given to a set of input data on the basis of available metadata (data about the data: its 

lineage, consistency, completeness, and purported accuracy) and upon inspection of the data by 

the user. There is a fundamental tension between natural variation in the real world and the 

dominant data models of GIS, which focus on mutually exclusive, homogeneous classes of objects 

with abrupt spatial boundaries (Brimicombe, 2010). 

Metadata, just like GIS, does not have a single and exact definition, but it often is defined as 

“structured data about data” or “a set of data that describes and gives information about other data” 

or “ information about data”. Furthermore, metadata is information that describe the content of 

the data or other information. In geospatial data, the metadata can describe and document main 

information, such as: when, where, who, availability and distribution, resolution, projection, scale, 

accuracy, reliability, responsibility. 
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With the initiative of many organizations, various standards such as FGDC, ISO, OGC, INSPIRE 

etc., have been created for the documentation and presentation of metadata. In this study the 

vineyard GIS system includes the creation and maintenance / editing of metadata for each record 

that is created by the system. 

Most commonly defined as “structured data about data” or “data which describes attributes of a 

resource” or, more simply, “information about data”, the concept of metadata is not new: map 

legends, library catalogue cards and business cards are everyday examples. Metadata offers 

description of the content, quality, condition, authorship, and any other characteristics of the 

resources. It also provides for a standardized representation of information (Nogueras-Iso et al., 

2005). 

Also the development of GIS system requires multiple steps to process data from raw form to the 

final form - used for migration to the database – and presentation of these data from the database 

to the server and the client. 

Any form of data is raw data in its own, but in the case of vineyard GIS system raw data are 

considered only the data collected on the ground without any further processing, even though 

such data are collected through mobile devices and the application for data collection that has a 

built-in data validation processes. 

During the development of the database, it is always attempted to gather only the required and 

scalable data from the ground. This is done in order to have simplified and time efficient process. 

Raw data processing means that these data are enriched with additional elements such as altitude, 

slope, texture, exposition, location, municipalities, etc. During the raw data processing, various 

topological controls such as restricting overlapping of vineyard polygons, restricting the possibility 

of the polygon to intersect/cut itself, etc. are made. 

After raw data processing and controlling, they are migrated in the final model of the database, 

where the data are checked and are subject of respective constraints. This means the process of 

data migration in the database server PostgreSQL/PostGIS, where they will be used as final 

information for further processing into the vineyard GIS system and also will be used for the 

development of various web services for their usage in WEB-GIS to the client. 

After the data migration in the database server, the client is able to manage spatial and textual data 

using the vineyard system and the presentation of the data in page (GUI). 
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A practical scheme is shown below (Figure 4.5). 

 

Figure 4.5. From raw data to Web GIS 
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4.3.2 What is a spatial database? 

Spatial data is defined as everything that has a place in a certain global space with zero size 

(points) or non-zero size.GIS uses three ways to present geospatial elements: point, line, and 

polygon. 

 Point is an element represented by a single coordinate (x, y, z). 

 Lines are straight segments that connect two points. The form and the location of the line 

is represented by start and end coordinates (x, y, z). 

 Polygons are closed surfaces whose perimeter is determined by a line. In the same way as 

for lines, their form and location is given by the coordinates of the starting and ending 

points and the coordinates of the vertex that defines its perimeter. 

Apart from preserving the geometry of spatial elements (through points, lines and polygons), GIS 

also stores the data of those elements. The information describing the data of these elements is 

known as attributes. Attributes are descriptive data providing information associated with the 

geometrical data. Attributes are usually managed in external or internal GIS database management 

systems (DBMS). The databases use the corresponding coordinates or identification numbers to 

link the attribute to the geometrical data (Neteler & Mitasova, 2005). 

A spatial database is a database that defines specific types of data for geometric objects and allows 

the storage of geometric data (usually of a geographic nature) in regular database tables. The 

database offers special functions and indexing for queries and data manipulation using SQL 

(Structured Query Language). A spatial database is often used only as a storage repository for 

spatial data, but it can do much more than that. 

All good GIS packages allow to store the base data in a database, and to extract it from at the 

moment when needed for GIS operation. This can be achieved with some simple settings and/or 

program statements inside the GIS. Databases, likewise, have moved towards GIS and many of 

them nowadays allow storing spatial data also in different ways (Huisman & De By, 2001). 

Visual presentation of the data is not the only purpose of the spatial database. It can also be used as 

a tool for spatial data analysis. Geospatial analysis concerns what happens where, and makes use of 

geographic information that links features and phenomena on the Earth’s surface to their locations 

(Smith et al., 2015). 

The phenomena for which we want to store representations in a spatial database may have point, 

line area or image characteristics. Different storage techniques exist for each of these kinds of 
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spatial data. These geographic phenomena have various relationships with each other and possess 

spatial (geometric), thematic and temporal attributes (they exist in space and time). For data 

management purposes, phenomena are classified into thematic data layers (Huisman & De By, 

2009). 

Spatial data are divided into location spatial data (part of GIS showing the location of an object) 

and textual data (shows information about spatial object excluding its location).No matter what 

type of geographic setting or scales of geographic data are used in GIS, one would need to link the 

graphics with meaningful descriptive data. When you perform geographic analysis, you search, 

manipulate, compare, and analyze this data. Every GIS software package must manage descriptive 

data and link them to their respective objects on the map. Without this capability, the GIS 

comprise nothing more than a digital picture, and you may as well work with a paper map 

(DeMers, 2009). 

To implement spatial decision-making for users, GIS have to provide the ability of representing 

spatial phenomena which intersperse in the space under certain data models. As pointed out by 

Goodchild (1992), the GIS data models are divided into two broad categories. First, there are 

considered as entity-based or object-based data models which represent geographic data set 

conceived as collections of discrete objects littering an otherwise empty space, and able to overlap 

freely. Second, field-based models which represent variation conceived as being spatially 

continuous, such that for every point in the plane there is exactly one value of the field 

(Murayama &Thapa, 2011). 

In other words, the spatial data are formed by the combination of location and the textual data. In 

addition to the textual and geometric data, the database is also used for the management of raster 

data. 

The analyst needs to understand the nature of data which is appropriate for storage and 

manipulation in a GIS, whether it be vector with a location component and some associated 

attributes or raster in which the phenomenon of interest is spatially discredited in a regular 

fashion. It is helpful to have some understanding of coordinate systems and map projections, and it 

is useful to know what sort of operations can be undertaken in the program that is being used. In 

short it is also useful to be conversant with the manner in which data may be stored, interrogated, 

manipulated, mixed, and displayed in the particular program. A good understanding of the 

principles which underlie GIS will help greatly in dealing with its practice (Wilson 

&Fotheringham, 2008). 
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4.4 Database design in PostgreSQL/PostGIS 

PostGIS is an add-on / extension of PostgreSQL that enables storage of spatial data and other 

spatial functions and operations, types of spatial data, and spatial indexing update. Important 

advantage of PostGIS over other database management systems is the support and interoperability 

with other projects like projections (Proj4), advanced spatial operations GEOS (Geometry Engine 

Open Source), JTS operations (Java Topology Suite), etc. 

A database query language is a special-purpose programming language which is designed for 

retrieving information stored in a database. SQL (Structured Query Language) is a very widely 

used commercially marketed query language for relational databases (Shekhtar & Xiong, 

2008).Some of the standardized types that are used in this database are: Points, linestrings, 

polygons, MultiPoints, MultiLinestrings, MultiPolygons, CollectionGemetry, and Raster. 
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Table 4.1. General Scheme of the System 
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Table 4.2. System Administration 
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Table 4.3. Vineyard and Farmers Management 
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           Table 4.4. Determination of the Coordinate System 

Database modelling (Figure 4.1) is performed in three main group of tables: 

 Tables related to the System Administration (Table 4.2),  

 Tables related to vineyard and farmers management (Table 4.3) and 

 Tables related to the generation of certifications and reports. 

Taking into consideration that for the presentation of the spatial data on the map it should be 

referred to the appropriate coordinate system, highlights the fact that the coordinate system 

should be initially defined in the appropriate PostGIS and Proj4 format (Table 4.4) which 

normally interact with other formats, such as ESRI projections etc. 
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Table 4.5. Constraints / Conditions on the geometric attributes 

While defining the attributes, specifically geometric types, some constraints / conditions are set 

(Table 4.5). 

 

 

 

 

 

These constraints should be: 

 

 Field nr should be unique and non-repeatable, 

 Field the_geom with geometry type, should be MULTIPOLYGON or POLYGON and 

should not have a null value, 

 Field the_geom should contain the coordinate system SRID = 900916. 

Beside constraints that are put in the database, additionally during the creation of tables a 

relationship between referred tables is set (Table 4.6) and defined (Table 4.7). 
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Table 4.6. Table Relationships 

 

 

Table 4.7. Definition of table relationships 

 

The welcomed constraints in database are those of putting limits to the fields, or assigning domains 

and ranges in certain fields, and indexing the relationship reference fields, search fields and 

geometric fields, thus increasing database performance. 
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4.5 Design of logic tier 

This part of the chapter, describes the construction of the second tier of the application, 

specifically the design of logic tier. 

It is worth mentioning, that before the data pass to the presentation tier, an important part of the 

application development is the logic tier. Through the logic tier, the whole background of data 

processing and storage is built. This does not exclude the development of constraints based on the 

roles and privileges in certain objects and their management and presentation in the workflow 

process. 

Just like in the first tier, in the logic tier the chosen technologies are open sources (JAVA, Apache 

Tomcat, Hibernate Spatial, JTS Topology Suite (JTS), GeoServer, and GeoWebCache). 

This tier can be divided into two groups: the geometric data management group and the group of 

map creation for presentation. Given the orientation of the research, in this monography special 

emphasis was given to the second group – map creation. 

In the first group, all the relevant components of data delivery are developed with AJAX / JSON / 

XML, etc. 

While in the second group, GEOSERVER is used as open-source software. This is also developed 

in JAVA and enables spatial data exchange and editing. It is designed for interoperability and 

publication of the data from various spatial data sources (PostGIS, ArcSDE, DB2, H2, MySQL, 

Oracle, world file, image pyramid, etc.) using OGC open standards (Singh & Singh, 2014). 

GeoServer is an application server which provides access to geographic data via for instance WMS 

interface and WFS interface. GeoServer is based on Java Servlet technology and the Spring 

application server framework which runs in several served containers such as Apache Tomcat or 

Jetty. One of the main building blocks of GeoServer is GeoTools which implements the OGC 

simple feature model (also known ISO 19125, and for instance supports WMC and SLD 

documents)(Foerster, 2009). 

The OGC promotes the use of standards for Web mapping services, which have helped to establish 

a common framework to access, display and download spatial data on the Internet (Web Map 

Service, Web Feature Service, Web Coverage Service), discover them (Catalog Service for the 

Web), present them by means of styles (Style Layer Descriptor), filter them (Filter encoding), store 

them, transport them (Geography Markup Language and Keyhole Markup Language) and process 
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them (Web Processing Service). The Web Map Service (WMS) and Web Feature Service (WFS) 

are the mainly used services for Web mapping purposes (Alberdi et al., 2014) 

GEOSERVER is composed of many components, such as: 

- Web administration interface– is a web based tool for GEOSERVER configuration in all 

aspects, starting from data entry to the services configuration. 

- Data management–allows connection and publication of data from various data sources 

such as vector and raster, creation of the workspaces, storage, layers, and group layers. 

- Styles – allow colours specification, thicknesses and other attributes that are used for 

presentation in maps. Styling or visualization of data in geoserver is done using SLD 

standard and CSS layer. 

- Services – enable data services using standardized protocols (WMS, WMTS, WFS, WCS, 

WPS, CSW), developed bythe OpenGeospatialConsortium (OGC). 

- Filtering – enables the selection of features that satisfy a group of conditions that are set in 

WMS and WFS services and SLD style. 

 

As it was mentioned above, the vineyard GIS system uses the OGC standardized services WMS, 

WMTS, WFS, and WPS. 

 

4.5.1. WMS (Web Map Service) 

Web Map Services a standardized protocol for georeferenced maps image services through internet 

that are generated by maps servers using spatial database. It can be used in WEB GIS Browser and 

desktop applications (Table 4.8). 
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Table 4.8. Layers offered through WMS service 

 

 

4.5.2. WMTS  (Web Map Tile Service) 

Web Map Tile Service (WMTS) is a standardized protocol for pre-rendered tiles of georeferenced 

map image services (Table 4.9). 

In the vineyard GIS system this service is used for cadastral maps, orthophotos, topographic maps, 

pedologic maps, etc. 

 

 

Table 4.9. Layers offered through WMTS service 
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4.5.3 WFS (Web Feature Service) 

Web Feature Service (WFS) is a standardized protocol that enables the client to receive and update 

spatial data in various formats such as GML, GEOJSON, CSV, KML, JSON, etc. (Table 4.10). 

In the vineyard GIS system, this service is used during vineyard editing; so, it served for the 

pulling of points, lines, vertexes, etc. For the storing and editing, a new system encrypted specific 

standard is developed.  

 

 

 

Table 4.10.Layers offered through WFS service and the GEOJSON format 
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4.5.4 WPS (Web Processing Service) 

Web Processing Services (WPS), this service offers standardized rules for the spatial data 

processing, the inputs and the outputs (requests and answers); for example polygon cutting, 

splitting, merging etc.  

An example of polygon splitting in half with a line as an input uses the polygon in WKT format, 

the line string in WKT format, while the output is the two polygons in GEOJSON format (Table 

4.11).  

 

 

Table 4.11.Polygon splitting with a line through WPS service 
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4.6. Presentation tier 

All above mentioned services are used in the development of the vineyard GIS system, specifically 

in the back-end tier or logic tier. However, in order to show or display the information it is 

needed to develop the presentation tier in GUI. 

For the development of this tier and its interaction with the logic tier, open source technologies 

such as Bootstrap / HTML5, OpenLayers, jQuery / Ajax / JSON / jqGrid, etc. are used. 

Besides, OpenLayers library, that is used to display maps and geometry, other libraries are used for 

the presentation of textual and graphic information. A combination of all these technologies has 

produced a very flexible and secure system (Figure 4.6). 

 

Figure 4.6.General Presentation (GUI) of Vineyard System
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4.7 Conclusions 

Based on what was discussed in this chapter, it can be concluded that GIS technology is already a 

necessity in information management of viticulture assets in Kosovo. Through GIS, the state 

institutions will be able to manage viticulture assets easier and more efficiently. In addition, by 

using remote access, farmers can be informed at any time about their vineyard and other 

additional information, such as the harvesting declaration time etc. 

Application of Web and GIS technology simultaneously will allow easy access to the application 

through any of the web browsers, without the need for additional installations on each computer 

where the software is going to be used. This technology represents a significant advantage over 

desktop technology which requires prior installation of software in a computer for future use. 

Based on the analyses made by GIS, responsible institutions will be able to create adequate policies 

for better development of viticulture field. 

The system is designed to be easy to use, comprehensive, includes all the necessary data, and 

provides opportunities for the production of cartographic products (maps) and make analysis 

(generate statistics and reports) based on various requirements. Due to the numerous and latest 

technologies used in the design and database modelling of the  system, it is very complex inside; 

however, for users is simple to use, comprehensive and easy to make analyses. 

The GIS system is a tool that allows its users to create queries at any time, perform various 

analyses of spatial information, make changes of the data directly in the map, and at the same time 

presents the results of all these functions. The whole system is displayed in one page that allows 

working in graphical part (maps) and textual part (information about farmers) simultaneously. So 

there is no need to jump back and forth between pages. 

Taking into account that the system is going to be used by multiple users, an important part is the 

system administration and logging / auditing of every change made on the system. The system also 

stores/archives every change made on vineyards including the information about every user that 

made those changes. Further, knowing the fact that there will be users at various levels (central 

level and regional level), the system includes the rights and privileges administration module. This 

module determines which users can add/edit/delete information on the system. 

The system can make various analyses and generate numerous statistics based on the requests by 

users. Such GIS based systems are essential for spatial data management, reporting, statistics 

documentation and map creation. All this is developed by bearing in mind the extent of the 
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various spatial data and their usage by various users at different levels. Tracking the workflow or 

the process in creating these spatial data allows non-expert users in the respective field to manage 

simpler and easier avoiding potential errors during data input, i.e. validation and control of 

geospatial topological functions. Also, regardless the insufficient experience of users or their 

profession, map creation should use conventional signs and cartographic standards. The system 

discussed above supports these features, thus enabling users to create maps, by only selecting the 

location and the scale of the map. 
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Chapter V 
 

5. GIS system function in creating cartographic products 

5.1 Introduction 

 

Nowadays a well-designed and modelled GIS system that includes all the elements of a particular 

event followed with digital techniques of map production offers numerous opportunities for 

efficient management of that particular event. The result of a work such as the creation of the GIS 

system is the presentation of the data to the user - the production of maps with various contents 

based on the requirements. 

Today GIS systems enable the production of maps with various contents in a short amount of time. 

The traditional method for storing, analyzing and presenting spatial data is the map. The map is of 

fundamental importance in GIS as a source of data, a structure for storing data and a device for 

analysis and display. The most common form of output from GIS is a map. In many cases the map 

will be thematic and will illustrate the spatial variation or pattern in a particular variable 

(Heywood et al., 2006).Geographic information and maps are representations that follow a number 

of principles and conventions that help deal with the complexity of the world and guide choices 

that lead to clear communication (Harvey, 2008). 

 

This chapter presents the importance of maps, as well as system function, generation of various 

map, statistics, and reports from the GIS system. 
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5.2 Maps 

As stated in the Introduction, cartographic products (maps) are the final product of a GIS system. 

Therefore, in this part I will quote various cartographers, experts, and professionals for the 

importance they give to the maps as a GIS system product. 

I will begin with a brief quote that has a significant meaning from Tyner, 2010, "Maps are 

powerful tools". Another significant definition is given by Bandrova et al., 2014 "Mapping should 

be done by everybody, anytime, everywhere with all possible technological tools". 

The rapid growth of computer cartography has been predicated on advances in graphics 

technology, on development of sophisticated mapping software, and more recently, on 

development of cartographic data bases. Technological advances have permitted production of 

high quality black and white, and colour maps and have introduced the concept of interactive 

mapping (Guelke, 1981 & Slocum 2005). 

In the mapping process, the all phenomena, processes and objects of interests should be classified 

(Bandrova & Konecny, 2013).Maps and other cartographic representations of spatial information 

are used in practically all spheres of human activity, that – in different ways by different users, 

using different tools. Map can be used to solve a specific task and therefore be unsuitable for 

addressing another one (Penev, 2014). 

GIS and cartography interactions are mainly based on use and interpretation of map in a GIS. Map 

is used while collecting, analysing, and presenting data in a GIS application. In all part of these 

map use, cartographic primitives and convention have to be well known by the developer or the 

user of GIS for the success of GIS application (Keskin, A.& Dogru, 2012). Maps are mandatory to 

undertake a project, to carry out a planning or administration, to preserve the environment, and to 

give information on different aspects of life (Shehu & Nikolli, 2000). 

Before beginning the design of a map, the following two basic questions should be answered: (1) 

What is the purpose of the map? and (2) Whom is the map intended to serve? All maps have a 

purpose, which in turn dictates the information that the map must convey. Once the purpose of 

the map is fixed, emphasis should be placed on achieving the design that best meets its objectives 

and conveys the necessary information clearly to its users (Ghilani& Wolf, 2012,). 

To create maps and other cartographic products using digital methods one should have knowledge 

not only on cartography, but the knowledge of several computer programs (including operation 

system, file management, printing) and their relevance for our work (Zentai, 2012). 
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The main method of identifying and representing the location of geographic features on the 

landscape is a map. A map is a graphic representation where features are explicitly and relative to 

one another. A map is composed of different geographic features represented as points, lines, 

and/or areas. Each feature is defined both by its location in space (with reference to a coordinate 

system), and by its characteristics (typically referred to as attributes). Quite simply, a map is a 

model of the real world (Buckley, 1997). 

The modelling of cartographic signs means the determination of their four basic components, 

namely: format, dimensions, colour, and orientation. The determination of these components must 

always be consistent with the intended use of the map, the scale and nature of the occurrence, 

which appears on the cartographic sign. Special attention should be paid to their symbolic, clarity, 

contrast, readability and aesthetic appearance (Idrizi, 2006). 

Despite recent advances in computer visualization, the map is still the most elegant and compact 

method of displaying spatial data. The role of the map is to communicate spatial information to the 

user. This information may include location, size, shape, pattern, distribution and trends in spatial 

objects. In designing a map so that it best achieves its objectives, it is necessary to consider a 

number of key map design elements (Robinson et al., 1995). 

 

These include: 

-the frame of reference; 

-the projection used; 

-the features to be mapped; 

-the level of generalization; 

-annotation used; and 

-symbolism employed. 

The combination of processing tools and visualization capabilities available in a commodity GIS 

can be applied to efficiently create a range of multi-scale base maps (Hardy, 2012).  

All maps have one basic objective, namely to serve as a means of communicating information 

about spatial patterns, relationships and attributes (Silayo, 2002) 

The main goal of cartographic design is to communicate the information in the map in the most 

efficient manner, with simplicity and clarity (Koarik & Talhofer, 2013). 
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5.3. GIS System function 

5.3.1. System functions 

 

Figure 5.1. Description of application components and tools
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Given that this system will be used by the relevant state institutions, it is designed to be easy to 

use, and contain all necessary components and tools. The system displays the graphic part (map) 

and textual part in one page, enabling users to simultaneously work in any of them without having 

to jump back and forth to move from one part to the another (Figure 5.1). 

 

The main parts of the system are: 

 Components or sub-modules (navigation part for the 

working space), 

 Working spaces–maps with layers and tools, and forms with 

tables for textual and spatial data (Figure 5.3). 

 

Administration and personnel – is a sub module, which enables 

system administration including user’s management along with 

roles and privileges, varieties, the list of codes of the domain, 

creation of subsidy campaigns, the list of issued certificates, 

campaigns of declaration of harvesting, and Auditing / Archiving  

(Figure 5.2). 

 

  

 

The sub-modules are accessible only to users who have privileges for system administration. The 

general administration allows the possibility of the management of the entire application and gives 

access to various users. Second level users can create or make changes to vineyards. Third level 

users fill and print the vineyard forms. Fourth level users can only see the information about 

vineyards and print out the form, but cannot create or change data on the vineyard. 

 

 

 

Figure 5.2. System Administration sub module 

submodule 
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The system has the following users’ roles: 

1. System administrator  

2. Vineyard admin 

3. Vineyard submitter (read/write) and 

4. Read only user  

 

Vineyard Map – this module  is composed of the map with the tools 

where spatial and non-spatial data are managed. Non-spatial data are displayed only when the user 

requests them. 

 

 

Figure 5.3. Map Workspace 

 

This map display and the data use the services mentioned in the previous chapter. Information 

management in the system is enabled through the following tools: 

Map 

FeatureIdent. 

Tools Resultand data 

management panel 
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- Location through GPS or Internet, 

-   SWIPE tool for layer comparison, 

-  Tool for identifying features in layers, 

-  Snap tool – moving points, lines, or vertex 

-  Map creation tool 

-  Polygon creation tool 

-  Polygon edit tool 

-  Polygon merging tool 

-  Polygon line splitting tool 

-  Saving tool in case of polygon merging or splitting 

-  Terrain profile display tool 

-  Standard map navigation tools 

-  Coordinates of the pointer on the map 

- Map scale 

 

-  Search and detailed search tool 

 

-  Farmer’s information management tool (1.Editing, 2.Farmers certificate 

generation, 3. Certificate generation in case of subsidy campaign opening). 

 

-  Tool for adding new farmers 
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-  Vineyards information management tool (1. Vineyard editing on the map, 2. 

Printing vineyard certification with sketch and orthophoto, 3. Go to the vineyard, 4. 

Declaration of annual harvesting). 

 

Step-by-step work methodology is used in this system, meaning, a farmer must be registered 

initially in the system then it is possible to register vineyards and varieties (Figure 5.4). 

 

 

 

 

The relationship between map and textual data part is created in the vineyard working space 

(Figure 5.5). The system is dynamic; every change to the vineyard polygon in the graphics part 

reflects the changes to the data in the vineyard form. All the data are automatically obtained 

through the functions created in WPS and PostGIS. Using abovementioned GIS functions, in the 

following case it is checked if the polygon belongs to location it is set, whether it is overlapped 

with other vineyards, and values of exposition (aspect), average slope of the terrain, average 

Figure 5.4. Farmer Registration Form 
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elevation and the type of dominating land from the digital terrain model and soil map are 

calculated as well. 

 

 

 

Figure 5.6 displays an attempt of creation of vineyard over another vineyard, while the system 

prevents it by notifying about the area and the vineyard being overlapped. 

 

Figure 1Workingspace of the vineyards of the selected farmer 
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Any change in graphical or textual data is logged and audited by the system. A record of who, 

when and what changes made in the system is created automatically (Figure 5.7). 

 

 

Figure 5.7. Data Auditing and Logging 

 

Figure 5.6. Controlling overlapped polygon 
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Beside these functions the system enables the transaction/sales management (Figure 5.8) and rent 

management (Figure 5.9) for specific periods of time. 

 

 

 

             Figure 5.9.  Sold Vineyard 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.8. Rented Vineyard 
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5.3.2. Map Creation 

Vineyard GIS system enables the creation of various maps by using the print tool ; by clicking 

this tool a form is opened with the print area on the map (Figure 5.10). In the form the parameters 

like the paper format, printing scale, resolution in DPI, map rotation can be defined, while the 

layers are taken from the layers panel (Figure 5.11). 

 

 

Figure 2Map Printing                             Figure 5.11.Panel for layer selection   

The map generated in various scales is displayed in a special window that can be saved in PDF 

format. 

Annex 1 displays thematic maps with different content in terms of various information on 

vineyards. 
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5.3.3. Vinedresser Certificate 

Vineyard GIS system can generate various documents for the different needs of the vineyard users. 

One of the most important documents is the vinedresser certificate (Figure 5.12) and wine 

certificates which represent the vineyard only as a polygon or will include ortophoto on it (Figure 

5.13).  

 

Figure 5.12.Vinedresser Certificate Generation 

 

 

Figure 5.13.Vinedreser Certificate Generation 

Each vinedresser can be issued a certificate on his vineyard. The system generates certificates on 

vinedresser/farmer (contains information about the vinedresser) and certificates on the vineyard 

(contains information about the vineyard). These certificates are generated directly from the 

system that contains all the information on the vineyard (the number of Wines, variety, surface, 

type of grape, slope, elevation etc.) and contains the layout (location) of the vineyard. 

Certificates are dynamic, they are generated directly from the system in word, pdf, jpeg, or excel 

format. 

Annex 2 displays vinedresser and vineyard certificates. 
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5.3.4. Statistics & Report 

The ability of a GIS system to present information in the form of reports and statistics is one of the 

very important components that prove that the system is designed in a way to meet the 

requirements of users. Statistical analysis will help understand the existing situation, which then 

helps accurate planning and creation of the best strategies for further development in the field of 

viticulture (Figure 5.14). The system enables the creation of reports in different forms, depending 

on the customer requirements (Figure 5.15). Reports and statistics are dynamic and can also be 

exported in various formats like PDF, PNG, JPEG, etc. 

 

 

Figure 5.14.Statistics Generation 

 

 

Figura 5.15.  Reports Generation 

 

Annex 3 displays reports and statistics generated by the system. 
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5.4. Conclusions 

 

Based on the fact that GIS offers extensive opportunities with regard to data manipulation and 

presentation in various forms, as such, it can be explored depending on the purpose for which it is 

used. Its usage can be divided into three main aspects: creation or presentation of maps, databases, 

and analysis. Maps or visual representations of data are an important part of geographic 

information systems. Recognizing that there is a strong connection between GIS and cartography -

which was discussed on several occasions in this monography, particularly in this chapter - it is 

important that GIS and its efforts on the map production is discussed within this conclusion. In 

this context, GIS’s can be considered as cartographic production systems or at least as geographic 

information display systems. 

The ability of GIS to present information in visual form through maps or other forms helps 

cartography as a specific field in map creation. Considering this fact, the idea of the 

implementation of GIS in Kosovo vineyard information management came as an immediate 

solution. Therefore, GIS and cartography together deal with geographical information and they 

are communication tool that support decision-making, since, although in different capacities, both 

technologies enable geographic information handling and analysis. 

A GIS system is considered, completed, when it produces maps with various contents and 

numerous statistics and reports about a certain event. This system meets these criteria because it 

produces numerous maps of various thematic (Annex 1) and also provides multiple statistics and 

reports (Annex 3) based on the users requirements. These products are provided to the relevant 

institutions to make informed decisions. 
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Chapter VI 
 

6. Conclusion and further research 

6.1 Main contributions and achievements 

 

1. Proposal of suitable Web-GIS based solution as an efficient tool for the management of 

agricultural vineyard crops. It is first application attempt for Kosovo. 

2. The database design introduced into mobile device, by containing all new technologies 

such as GIS, GPS, and GPRS increases the possibility and efficiency for quick field data 

collection and results presentation.  

3. The automatic generation of maps based on the known source/input data can be achieved 

only in systems with an integrated data base composed by numerical and geometric values 

in one side and simultaneous displaying of the statistical results and map view at the other 

side. This research has achieved the targeted goal. 

4. During the test phase the system proved to be very practical, easy to use and offers 

thematic maps, analyses, reports, and different statistics on vineyards and related 

information. 

5. Having detailed information about vineyards with the possibility of doing different analysis 

(statistics, reports, charts) helps the state institutions on better decision making. The most 

probable groups that will benefit from the method developed in this thesis are public and 

private authorities from agriculture related issues, i.e. Ministry of Agriculture, Forestry and 

Rural Development, Institute of Viticulture and Enology, private farmers etc. 

6. This methodology of data collection and system development can be used in other fields 

such as forestry, horticulture, spatial planning etc as well.  
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6.2  Leason learned 

Although the results of the research are very encouraging while working for this research 

numerous obstacles were encountered. In order to achieve the desired result, many professionals 

of various fields (Agronomy, Engineering, Geology, Information Technology, and Viticulture) 

were consulted. So, the communication has been a key element, since each professional 

contributes with ideas and assessments that needed to be taken into consideration and understood 

by everyone in order to achieve the intended result. 

Another obstacle was the limitation or non-use of remote sensing images with better spatial 

resolution to provide more accurate and detailed information about vineyards. Also because the 

technology is changing very fast during this four year period of the research it was necessary to 

change in some phase of the research the used technology and to adopt with the newest one.  

 

6.3 Recommendation for future research 

Even the results of this study are very good, further research should be aimed in the area of new 

technologies and their incorporation into the GIS system in order to simplify the system even 

more and make it easier to use.  

Also the information collection from the field on vineyards as input data should be performed 

using remote sensing images (LiDAR) with better spatial resolution. These remote sensing images 

provide sufficient clarity and accuracy of information about the vineyards and will contribute 

towards less work for the institutions. UAV drone can be also a solution for the future, targeting 

faster collecting/controlling field data. 

Future research can also be focused on the enlargement of GIS system with other components 

such as adding the wine industry component, including regulation of export and import. 
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Maps of vineyard region 
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Figure 6.1. Dukagjini Vineyard Region 
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Figure 6.2. Map of Vineyard subregion (Northern – Southern)  
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Figure 6.3. Grapes destination Map of Dukagjini Region 
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Figure 6.4. Vineyards exposition Map of Dukagjini Region 
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Figure 6.5. Vineyards within ortophoto map of Dukagjini Region 
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Figure 6.6. Map of establishment of vineyard in 10 years period of Dukagjini Region 
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Figure 6.7. Map showing area with vineyards of Dukagjini Region 
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Figure 6.8.  Vineyard slope map of Dukagjini Region 
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Figure 6.9.  Soil map of Dukagjini Region   
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Figure 6.10. Vineyards within topographic map of Dukagjini Region  
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Figure 6.11. Vineyards variaty Map of Dukagjini Region 
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Figure 6.12. Digital Terrain Model Map of Dukagjini Region 
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Maps of Rahoveci Municipality 
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Figure 6.13. Grapes destination Map of Rahoveci Municipality  
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Figure 6.14. Vineyards exposition Map of Rahoveci Municipality 
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Fig. 6.15. Vineyards within ortophoto map of Rahoveci Municipality 
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Figure 6.16. Map of establishment of vineyards in 10 years period of Rahoveci Municipality 
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Figure 6.17. Vineyard slope Map of Rahoveci Municipality 
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Figure 6.18. Soil map of Rahoveci Municipality 
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Fig. 6.19. Vineyards within topographic Map of Rahoveci Municipality 
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Fig. 6.20. Vineyards variaty Map of Rahoveci Municipality 
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Figure 6.21. Digital Terrain Model Map of Rahoveci Municipality 
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Vinedresserand Vineyards certificate 
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Figure 7.1. Vinedressercertificate 
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Figure 7.2. Vineyard certificate with ortofoto 
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Figure 7.3.Vineyard certificate with a poligon 
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 
Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  Ministry of 
Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

     

 

Grape declaration from Companies  
 

     

 
Companies White Grape (kg) Red Grape (kg) 

 
 

Muja 9,130 80,510 
 

 
Rahvera-AB 1,744 2,858 

 
 

Kosovawin e 5,800 1,800 
 

 
Rahovec 0 21,200 

 
 

Sefa 0 19,170 
 

 
Bahha 11,788 22,864 

 
 

Haxhijaha 5,163 37,066 
 

 
Biopak 12,020 495,642 

 
 

Albatros 190,102 153,698 
 

 
Stone Castle Vineyards Winery 0 8,750 

 
 

Total 119,425 459,231 
 

     
     
      

 
 

    
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
      

Table 8.1. Companies grape declaration 
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  Ministry of 
Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

    

Grape declaration based on the localities of Rahovec 

    
 

Cadastral Zone Declared Quantity (kg) 

 
 

Sanofci 176,816 

 
 

Rahovec 4,825,522 

 
 

Ratkoci 22,360 

 
 

Opterusha 205,395 

 
 

Brestovci 215,144 

 
 

Denja 36,789 

 
 

(Sopaniqi 36,670 

 
 

Gexha 250 

 
 

Krusha e Madhe 24,430 

 
 

Bërrnjaqa 525,387 

 
 

Nushpal 17,260 

 
 

Pastasella 150,125 

 
 

Hoça e Madhe 459,485 

 
 

Celina 26,280 

 
 

Potoqan i Epërm 219,313 

 
 

Kozniku 21,190 

 
 

Polluzha 119,105 

 
 

Radosta 8,680 

 
 

Xërxë 17,050 

 
 

Vranjaka 86,780 

 
 

Petkoviq 14,930 

 
 

Nagavci 74,454 

 
 

Hoça e Vogël 290,686 

 
 

Zoçishta 300,030 

 
 

Retia 159,360 

 
 

Bratotina 55,700 

 
 

Drenoci 592,146 

 
 

Bellacërrkva 64,590 

 
 

Mrasori 200 

 
 

Potoqan i Poshtëm 497,554 

 
 

Total 9,243,681 
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             Table 8.2. Grape declaration based on the locality  
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  
Ministry of Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

    Grape declaration in Dukagjini region 

    
 

Region Declared smount  
 

 
Peja 8,720 

 

 
Malisheve 110,689 

 

 
Skenderaj 1,500 

 

 
Suhareka 1,366,591 

 

 
Rahovec 9,243,681 

 

 
Gjakove 370,045 

 

 
Lipjan 10,100 

 

 
Prizreni 896,882 

 

 
Total 12,008,208 

 

    
    

     

 
 

   
    
    
    
    

    
    
    
    
    

    
    
    
    
    
         Table 8.3. Grape declaration based on the region  
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  Ministry of 
Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

       Grape monthly declaration  

       

 
Month 

Total amount 
(kg) Buy (kg) Sell (kg) Own (kg) 

 

 
September 32,641 0 3,711 28,930 

 

 
October 380,960 0 7,500 373,460 

 

 
November 1,181,852 11,600 30,694 1,139,558 

 

 
December 4,467,604 0 1,319,497 3,148,107 

 

 
Total 6,063,057 11,600 1,361,402 4,690,055 

 

        

 
 

      
       
       

       
       
       
       
       
       
       
       
       
       
       

       
       
       
                Table 8.4. Grape monthly declaration based on the region  
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  Ministry of 
Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

Grape white variaty declaration 

 
Variaty Declared (kg) 

 

 
Demirkapi 1,680 

 

 
Rizling Italian 2,200,318 

 

 
Rizling Rajne 407,460 

 

 
Groqanka 1,400 

 

 
Afuzali 308,885 

 

 
Semion 38,250 

 

 
Shardone 497,857 

 

 
Zhuplank 59,375 

 

 
Smederevë 796,871 

 

 
Viktoria 42,980 

 

 
Muskat Korrikut 7,500 

 

 
Muskat Italian 388,751 

 

 
Melnik 11,660 

 

 
Mbretresha 330 

 

 
Rrkacitel 19,850 

  

 
 

Total 4,783,167 
 

    
    
    

    
    
    
    
    

    
    
    
    
    
    
    Table 8.5. Grape white variaty declaration 
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     REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  Ministry of 
Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

     Declared grape variaty from "Sunny Hills" company  

     

 
Variaty Declared (kg) Declared (%) 

 

 
Burgundez i zi 29,980 5.93 

 

 
Zhamet 6,665 1.32 

 

 
Smederevë 50,535 9.99 

 

 
Rizling Italian 96,765 19.13 

 

 
Prokupe 11,250 2.22 

 

 
Game e Thjeshte 26,875 5.31 

 

 
Vranac 283,665 56.09 

 

 
Total 505,735 100.00 

 

     
     

      

 
 

    
     
     
     
     
     
     
     
     
     

     
     
     
     
     
     Table 8.6. Declared grape variaty from company "Sunny Hills" 
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 
Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  

Ministry of Agriculture, Forestry and Rural Development  
 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 

Department for Vineyards and Wine 
 

Grape red variaty declaration in Dukagjini region 

 
Variaty Declared (kg) 

 
 

Moldavke 87,320 
 

 
Game e Thjeshte 1,630,845 

 
 

Merlot 268,290 
 

 
Kabernet Sovinjon 440,630 

 
 

Burgundez i zi 746,837 
 

 
Muskat Hamburg 765,440 

 
 

Vranac 2,775,833 
 

 
Prokupe 915,134 

 
 

Kardinal 208,900 
 

 
Game e Ngyrosur 132,920 

 
 

Red Globe 17,500 
 

 
Antigona 33,200 

 
 

Black Magjik 30,900 
 

 
Zhamet 369,915.00 

 
 

Ribier 20,550 
 

 
Kaberne Frank 10,955 

 
 

Carmenere 4,000.00 
 

 
Syra 610 

 
 

Total 8,459,779 
  

 
 

   
    
    
    
    
    
    
    
    
    
    
    
    
    
    
     

 

 

Table 8.7. Declaration of grape red variaty in the Dukagjini region 
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    REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  Ministry 
of Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

    Grape red variaty declaration in Gjakova 

    
 

Variaty Declared (kg) 
 

 
Game e Thjeshte 47,000 

 

 
Burgundez i zi 24,495 

 

 
Vranac 60,460 

 

 
Prokupe 45,200 

 

 
Muskat Hamburg 1,870.00 

 

 
Total 179,025 

 

     

 
 

   
    
    

    
    
    
    
    
    
    
    
    
    
    

    
    Table 8.8. Declaration of grape red variaty in Gjakova Municipality 
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  
Ministry of Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

 

Grape table variaty declaration 
 

 
Variaty Declared (kg) 

 

 
Moldavke 47,721 

 
 

Game e Thjeshte 493,509 

 
 

Merlot 16,295 

 
 

Kabernet Sovinjon 145,008 

 
 

Muskat Hamburg 321,768 

 
 

Shardone 111,048 

 
 

Zhamet 315,547 

 
 

Smederevë 598,992 

 
 

Viktoria 60,310 

 
 

Ribier 12,690 

 
 

Muskat Korrikut 2,000 

 
 

Muskat Italian 185,889 

 
 

Mbretresha 720 

 
 

Syra 7,020 

 
 

Demirkapi 2,915 

 
 

Rizling Italian 421,710 

 
 

Michel Pallier 8,150 

 
 

Groqanka 20 

 
 

Varietet i perzier 220,131 

 
 

Vranac 1,665,433 

 
 

Kardinal 112,139 

 
 

Afuzali 91,305 

 
 

Red Globe 1,000 

 
 

Black Magjik 35,270 

 
 

Antigona 14,790 

  
 Total 4,891,380 

  
 
 
 
 
 

   
 

 
  

 Variaty
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 Table 8.9. Declaration of grape table variaty in Dukagjini  region  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

200 000

400 000

600 000

800 000

1 000 000

1 200 000

1 400 000

1 600 000

1 800 000

M
o

ld
av

ke

G
am

e
 e

 T
h

je
sh

te

M
er

lo
t

K
ab

e
rn
e
t…

M
u

sk
at

 H
am

b
u

rg

Sh
ar

d
o

n
e

Zh
am

e
t

Sm
e

d
er

ev
ë

V
ik

to
ri

a

R
ib

ie
r

M
u

sk
at

 K
o

rr
ik

u
t

M
u

sk
at

 It
al

ia
n

M
b

re
tr

e
sh

a

Sy
ra

D
em

ir
ka

p
i

R
iz

lin
g 

It
al

ia
n

M
ic

h
e

l P
al

lie
r

G
ro

q
an

ka

V
ar

ie
te

t 
i p

e
rz

ie
r

V
ra

n
ac

K
ar

d
in

al

A
fu

za
li

R
ed

 G
lo

b
e

B
la

ck
 M

ag
jik

A
n

ti
go

n
a

 (kg)



Annex 3. 

136 

 

    REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  
Ministry of Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

    Vineyards by destination of variaty  

    
Destination Area (ha) Percentage  (%) 

Number of 
vineyards 

Table grape 2,325.19 74.56 8559 

Wine grape 793.39 25.44 3427 

Total 3,118.58 100.00 11986 

    
    
    
     

 
 

   
    

    
    
    
    
    
    

    
    
    
    
    

    
    
    Table 8.10. Vineyards by destination of variaty  
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    REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  
Ministry of Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

    Vineyards by destination of variaty in Rahovec  

    Destination Area (ha) Percentage (%) Number of vineyards 

Table 1,837.82 80.29 5723 

Wine 451.18 19.71 1390 

Total 2,289.00 100.00 7113 

    
    
    
     

 
 

   
    
    

    
    
    
    
    
    
    
    
    
    
    

    
    Table 8.11. Vineyards by destination of variaty in Rahovec  
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  
Ministry of Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

     Vineyard extension by exposition  

     
 

Exposition Area (ha) Percentage  (%) 
 

 
SE 666.38 20.79 

 

 
NW 521.85 16.28 

 

 
S 487.23 15.20 

 

 
W 538.047647 16.79 

 

 
NE 81.005549 2.53 

 

 
F 18.447871 0.58 

 

 
N 145.86503 4.55 

 

 
E 370.282798 11.55 

 

 
SW 376.231571 11.74 

 

 
Total 3,205.34 100.00 

 

      

 
 

    
     
     
     
     
     
     
     
     
     
     

     
     
     
     Table 8.12. Vineyards exposition 
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      REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  Ministry of 
Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

      Altitude of the vineyards 

      
  

Altitude Number of vineyards 
  

  
300 114 

  

  
350 1,209 

  

  
400 2,971 

  

  
450 2,537 

  

  
500 609 

  

  
550 284 

  

  
600 280 

  

  
650 51 

  

  
700 36 

  

  
750 19 

  

  
Total 8,110 

  

       

 
 

     
      
      
      
      
      
      
      

      
      
      
      
      
      Table 8.13. Vineyards altitude in Dukagjini region 
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  Ministry of 
Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

      Altitude of the vineyard in Rahovec  

      

  
Altitude 

Number of 
vineyards 

  

  
300 49 

  

  
350 830 

  

  
400 2,180 

  

  
450 1,915 

  

  
500 302 

  

  
550 21 

  

  
600 7 

  

  
650 1 

  

  
Total 5,305 

  

       

 
 

     
      
      
      
      
      

      
      
      
      
      

      
      
      
      Table 8.14. Vineyards altitude in Rahovec Municipality 
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  
Ministry of Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

    Vineyard establishment system  

    
Destination Area (ha) Percentage  (%) 

Number of 
vineyards 

Nursery 0.25 0.01 16 

Classic 301.99 9.68 2056 

Plantation 2,816.34 90.31 9914 

Total 3,118.58 100.00 11986 

    
    
     

 
 

   
    

    
    
    
    
    
    

    
    
    
    
    

    
    
    Table 8.15. Vineyards establishment system in Dukagjini Region 
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  
Ministry of Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

    Establishment of vineyard system in Rahovec 

    
Destination Area (ha) Percentage  (%) 

Number of 
vineyards 

Nursery 0.25 0.01 16 

Classic 139.63 6.10 660 

Plantation 2,149.12 93.89 6437 

Total 2,289.00 100.00 7113 

    
    
     

 
 

   
    
    

    
    
    
    
    
    

    
    
    
    
    

    
    Table 8.16. Vineyards establishment system in Rahovec Municipality 
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REPUBLIKA E KOSOVËS/REPUBLIKA KOSOVA/REPUBLIC OF KOSOVO 

Qeveria - Vlada - Government 

Ministria e Bujqësisë, Pylltarisë dhe Zhvillimit Rural / Ministarsvo Poljoprivrede, Sumarstva i Ruralnog Razvoja/  Ministry of 
Agriculture, Forestry and Rural Development  

 Departamenti për Vreshtari dhe Verëtari / Odeljenje za Vinogradarstvo i Vinarstvo / 
Department for Vineyards and Wine 

    Grape variaty IN Dukagjini regjion 

    Variety Area (ha) Percentage  (%) Number of vineyards 

Afuzali 123.49 3.96 1033 

Antigona 9.01 0.29 47 

Bajadiseni I Kranjes 0.41 0.01 1 

Bajadiseni i Zhupes 0.41 0.01 1 

Black Magjik 7.51 0.24 37 

Burgundez i Bardhe 11.87 0.38 9 

Burgundez i zi 169.31 5.43 316 

Carmenere 3.78 0.12 4 

Crimson Seedlees 1.95 0.06 3 

Demirkapi 9.20 0.30 21 

E Bardha e Klladovs 3.38 0.11 6 

Frankofke 30.59 0.98 13 

Game e Ngyrosur 22.00 0.71 25 

Game e Thjeshte 272.71 8.75 734 

Groqanka 0.79 0.03 4 

Hershmja e Opuzenit 1.22 0.04 1 

I Przier 0.41 0.01 2 

Jagodinka 0.41 0.01 1 

Kaberne Frank 23.04 0.74 23 

Kabernet Sovinjon 55.69 1.79 103 

Kardinal 80.99 2.60 400 

Mbretresha 1.94 0.06 14 

Melnik 11.76 0.38 165 

Merlot 34.26 1.10 55 

Michel Pallier 4.15 0.13 13 

Moldavke 16.24 0.52 69 

Muskat Hamburg 253.96 8.14 1,421 

Muskat Italian 169.69 5.44 861 

Muskat Korrikut 0.94 0.03 6 

Pa Variatet 3.18 0.10 14 

PetritVerdot 1.49 0.05 1 



Annex 3. 

144 

 

Pllovdin 18.72 0.60 273 

Prokupe 391.49 12.55 2391 

Red Globe 4.05 0.13 4 

Ribier 10.24 0.33 64 

Rizling Italian 217.86 6.99 433 

Rizling Rajne 53.14 1.70 22 

Rrkacitel 11.64 0.37 52 
Rrush tryeze 

eksperimentale 7.98 0.26 3 

Rrushi pa Fare 2.44 0.08 1 

Rubini Srb 0.41 0.01 1 

Semion 8.74 0.28 6 

Shardone 99.25 3.18 195 

Shasla 0.52 0.02 3 

Smederevë 348.65 11.18 1340 

Syra 3.98 0.13 4 

Viktoria 41.46 1.33 91 

Vranac 430.17 13.80 1223 

Zhamet 114.12 3.66 376 

Zhillavk 3.17 0.10 2 

Zhuplank 24.49 0.79 99 

Total 3118.30 100.00 11986 
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Table 8.17. Grape variety 
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Table 8.18. General reports about Municipalities 
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